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Abstract:
Introduction: Posterior lumbar interbody fusion (PLIF) is a widely used effective, safe, and established treatment for de-

generative spinal disorders. Adjacent segment disease (ASD) is one of the serious concerns governing the clinical results

following spinal fusion surgery. Cortical bone trajectory (CBT) is an alternative and less-invasive technique for lumbar pedi-

cle screw placement. Its unique medial and caudal entry point has the potential to prevent an iatrogenic facet joint violence

leading to the ASD; however, the incidence of ASD following PLIF using the CBT technique (CBT-PLIF) remains un-

known.

Methods: Among patients surgically treated with CBT-PLIF in our institute, 52 consecutive patients (13 males, 39 fe-

males) with single-level degenerative lumbar spondylolisthesis (DLS) who were followed up for at least 24 months were ex-

clusively enrolled. Their clinical and radiological features, including the incidence of radiographical and symptomatic ASD

and significantly associated factor for the developing radiographical ASD, were retrospectively measured.

Results: In the present study, we could confirm significant neurological improvement and reduction of the spondylolis-

thesis with mean follow-up period of 43 months. Radiographical and symptomatic ASD was observed in 14 (27%) and 2

(3.8%) cases, respectively. We compared these two groups and found that the latest lumbar lordosis was significantly differ-

ent between the two groups, but not in age, body mass index, and Japan Orthopaedic Association score. Two patients with

symptomatic ASD required additional surgical treatment around 1 year following the initial surgery.

Conclusions: The present study, even though it is preliminary, revealed that CBT-PLIF can achieve a neurological im-

provement and an effective reduction of spondylolisthesis for the treatment of single-level DLS. The CBT technique is capa-

ble of reducing the incidence of ASD compared with the traditional technique; however, we must keep in mind that appro-

priate postoperative lumbar lordosis should be achieved. Larger, longer-term follow-up studies are required to elucidate the

clinical output of CBT-PLIF.
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Introduction

Posterior lumbar interbody fusion (PLIF) is a widely used

effective, safe, and established treatment for degenerative

spinal disorders1). However, spinal fusion can accelerate de-

generative changes in unfused adjacent segments. This spi-

nal degenerative pathology is known as adjacent segment

disease (ASD), which is one of the serious concerns govern-

ing the clinical results following spinal fusion surgery1). Ac-

cumulating studies have reported several factors associated

with ASD, such as fusion length, fusion technique, fusion

alignment, preoperative pathologies, adjacent segment de-

compression, iatrogenic destruction, and aging factor1-3). Sev-

eral techniques for pedicle screw (PS) placement have been
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developed, all of which have a latent risk of the adjacent

cranial facet joint violation (FJV) during the placement of

cranial PS. It has been reported that FJV is significantly as-

sociated with both radiographical and symptomatic ASD2,3).

A cortical bone trajectory (CBT) is an alternative tech-

nique of lumbar PS placement advocated by Santoni et al. in

20094). This novel technique facilitates maximum contact to

the cortical bone through the pedicle to the vertebral body

by following a unique caudal-to-cephalad trajectory in the

sagittal plane and a medial-to-lateral directed trajectory in

the transverse plane. Its unique screw entry point allows

minimal soft tissue dissection, as compared with the tradi-

tional trajectory (TT) technique. This technique is therefore

recognized as less invasive, with increased screw purchase4-6).

We indicated this technique for the treatment of degenerative

lumbar spondylolisthesis (DLS) and reported its favorable

short-term result7). The unique medial and caudal entry point

of the CBT technique might prevent an iatrogenic cranial

FJV leading to cranial ASD; however, its incidence remains

largely unknown. To the best of our knowledge, studies de-

scribing the incidence of ASD following PLIF using the

CBT technique (CBT-PLIF) are limited. In the present re-

port, although it is a preliminary result, we investigated the

incidence of cranial ASD following CBT-PLIF. To eliminate

various confounding factors associated with ASD, we exclu-

sively evaluated the patients with single-level DLS treated

with CBT-PLIF in this report.

Materials and Methods

Among patients surgically treated with CBT-PLIF in our

institute, 52 consecutive patients (13 males, 39 females)

with single-level DLS who were followed up for at least 24

months were exclusively enrolled. Their mean age at the

time of surgery was 67 years old (range: 51-84 years old).

The indications for surgical treatment were neurological

compromise, intermittent claudication, and/or intractable

lower leg pain with or without low-back pain following an

adequate conservative treatment. This study was approved

by the Institutional Review Board.

Evaluations

Basic and clinical data, including age at the time of sur-

gery, sex, body mass index (BMI), and intra-/postoperative

complications, such as pedicle fractures, dural tear, nerve in-

jury, surgical site infection (SSI), and neurological deteriora-

tion, were retrospectively collected. To evaluate the neuro-

logical condition of each patient, the Japan Orthopaedic As-

sociation (JOA) score (range: 0-29)8) was used. Preoperative,

postoperative (1 month following surgery), and latest follow-

up JOA scores were assessed.

Radiographical assessments were conducted as follows.

The magnitude of spondylolisthesis was determined accord-

ing to Meyerding’s criteria9). Preoperative, postoperative, and

latest follow-up percentage of slip (%slip) were measured.

Lumbar lordosis (LL) at L1 to S1 and lordosis at fused seg-

ment (focal lordosis: FL) were determined with lateral lum-

bar radiographs using Cobb’s method with the patient in a

relaxed standing position10). Radiographical cranial ASD was

defined as a reduction of more than 3 mm in disc height on

a neutral lateral lumbar radiograph, an increase of more than

3 mm vertebral slip on lateral anterior-posterior bending

lumbar radiograph, and dynamic intervertebral space angula-

tion of more than 5° according to the previous report1).

Symptomatic ASD was defined as a case that required addi-

tional surgical treatment due to cranial ASD, which was

confirmed by magnetic resonance (MR) imaging.

Fusion status was evaluated 1 year following surgery by

computed tomography (CT) or dynamic lumbar radiographs.

A complete bony fusion was defined as a full trabecular

continuity of the intervertebral disc space other than the

cage at fused segment by CT or the absence of instability

on lateral anterior-posterior bending lumbar radiographs.

Statistical analyses

Paired t-test, Wilcoxon signed-rank test, and chi-squared

test were used for the statistical analyses. Results are ex-

pressed as mean±standard deviation. P<0.05 was considered

statistically significant. The software application used for the

analysis was SPSS version 22 (SPSS Inc., Chicago, IL).

Results

A total of 52 cases (13 males, 39 females) were included

in this study. Their mean age at the time of surgery was 67

years old, and the mean follow-up period was 43 months.

The levels of DLS were L3 in 10 cases and L4 in 42 cases.

Thirty-four patients were of Grade I, and 18 were of Grade

II, according to Meyerding’s criteria9). Postoperatively, overt

improvement of intermittent claudication was observed in all

patients without neurological deterioration. The mean post-

operative (25±2.5) and latest follow-up JOA scores (26±2.4)

demonstrated significant recovery when compared with the

mean preoperative JOA score (13±4.5) (Table 1).

The mean postoperative %slip (3.0±3.9) demonstrated sig-

nificant improvement when compared with preoperative %

slip (24±5.3). This significant reduction of slipped vertebrae

was maintained until the latest follow-up (4.3±5.5). In addi-

tion, preoperative mean LL (29°±13°) and FL (6.0°±7.4°)

were significantly restored to 40°±10° and 12°±5.4°, respec-

tively, and they were maintained until the latest follow-up

(LL: 32°±13°, FL: 9.4°±6.2°) (Table 1). Radiographical and

symptomatic ASD was observed in 14 (27%) and 2 (3.8%)

cases, respectively. We compared radiographical ASD posi-

tive and negative groups and found that the latest LL was

significantly different between the two groups, but not in

age, BMI, and JOA score (Table 2). In addition, no signifi-

cant correlation was observed between the presence or ab-

sence of radiographical ASD and sex (p=0.72) or Meyerd-

ing’s grade (p=0.58). The fusion rate at 1 year following

surgery was 87%. In cases where complete fusion was

achieved by CT, integration of the cage surface and endplate



Spine Surg Relat Res 2021; 5(2): 98-103 dx.doi.org/10.22603/ssrr.2020-0103

100

Table　1.　Neurological and Radiographical Evaluation of the Patients.

JOA score %slip (%) LL (°) FL (°)

Pre-op Post-op Latest FU Pre-op Post-op Latest FU Pre-op Post-op Latest FU Pre-op Post-op Latest FU

Mean 13 25 26 24 3.0 4.3 29 40 32 6.0 12 9.4

SD 4.5 2.5 2.4 5.3 3.9 5.5 13 10 13 7.4 5.4 6.2

p-value - <0.001 <0.001 - <0.001 <0.001 - <0.001 0.05 - <0.001 <0.001

JOA: Japan Orthopaedic Association, LL: lumbar lordosis, FL: focal lordosis at the fused segment, SD: standard deviation, Pre-op: preoperative; Post-op: postop-

erative; FU: follow-up, %slip: percentage of slip.

Table　2.　Comparison between Patients with or without Radio-

graphical Adjacent Segment Disease.

R-ASD (+) (n=14) R-ASD (−) (n=38) p-value

Age 69±11 66±6.8 0.36

BMI (kg/m2) 25±3.3 25±3.7 0.82

Pre-JOA score 13±5.2 14±4.2 0.62

Post-JOA score 25±2.4 26±2.6 0.58

Latest JOA score 25±2.9 26±2.2 0.30

Pre-LL 29±13 29±13 0.94

Post-LL 39±8.6 41±11 0.48

Latest-LL 25±15 35±11 0.013

Pre-FL 7.1±8.4 5.6±7.1 0.56

Post-FL 12±5.9 12±5.3 0.71

Latest-FL 8.7±6.2 9.7±6.2 0.62

Pre-%slip 23±6.7 24±4.8 0.81

Post-%slip 4.3±5.5 2.6±3.0 0.28

Latest-%slip 6.1±8.1 3.7±4.2 0.29

R-ASD: radiographical adjacent segment disease, BMI: body mass index, JOA: Ja-

pan Orthopaedic Association, Pre-op: preoperative, Post-op: postoperative, LL: 

lumbar lordosis, FL: focal lordosis at the fused segment, %slip: percentage of slip.

Data except for p-value are expressed as mean±standard deviation.

and trabecular continuity of the intervertebral disc space

other than the cage were observed. Two patients with symp-

tomatic ASD (51 and 62 years old male patients) required

additional decompression surgery due to cranial lumbar ca-

nal stenosis and facet cyst formation around 1 year follow-

ing the initial surgery. A 62-year-old male patient with L4

DLS was treated with CBT-PLIF. The JOA score signifi-

cantly improved from 6 to 28, with marked reduction of the

L4 slip (Fig. 1A, B). Approximately 1 year following sur-

gery, he complained of recurrence of left lower leg pain. We

confirmed the loss of FL at unfused adjacent level (L3/4)

(Fig. 1C). In addition, MR imaging revealed a lumbar canal

stenosis not observed on MRI before the initial surgery as

well as a facet cyst formation with facet effusion at the cra-

nial unfused adjacent level (Fig. 2A-E). Additional decom-

pression surgery resulted in the improvement of his symp-

tom, and he did not require further surgery.

SSI was observed in one case that completely recovered

because of one-time debridement and antibiotics therapy

without implant removal. No other complication was ob-

served.

Discussion

The present study, even though it is preliminary, revealed

that CBT-PLIF can achieve neurological improvement and

effective reduction of spondylolisthesis for the treatment of

single-level DLS.

ASD is one of the serious concerns following spinal fu-

sion surgery1). Previous reports have described the incidence

of radiographical and symptomatic ASD with obviously dif-

ferent values; the incidence of radiographical and sympto-

matic ASD has been reported as 19%-84%1,11-13) and 0%-

24%1,11-13), respectively. It is believed that the difference be-

tween the definitions of ASD and that between the follow-

up periods of the reports were the likely cause. It is there-

fore difficult to compare the ASD rate of one study with

those of others; however, the ASD rate of the present study

was relatively low.

Reports concerning ASD following CBT-PLIF are scarce,

because the CBT technique is a recently advocated proce-

dure. Sakaura et al. reported that the incidence of sympto-

matic ASD in 95 consecutive patients with single-level DLS

treated with CBT-PLIF was 3.2%14). More recently, they con-

ducted a retrospective study on patients who had undergone
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Figure　1.　A 62-year-old male patient with symptomatic adjacent segment disease. Standard lateral lum-

bar radiograph before the initial surgery (A), after the initial surgery (B), and before the second surgery (C). 

single-level CBT-PLIF or single-level TT-PLIF for DLS and

with at least 3 years of postoperative follow-up15). They re-

ported that the incidence of cranial radiographical ASD in

the CBT group (12.7%) was significantly lower than that of

the TT group (41.6%) (p<0.0001)15). For symptomatic ASD,

however, no significant difference was observed between the

CBT group (1.0%) and TT group (3.9%)15). The authors con-

cluded that distinctive cranial CBT screw placement contrib-

uted to the lower incidence of radiographical ASD in the

CBT group by preventing an iatrogenic cranial FJV leading

to ASD. Matsukawa et al.16) investigated FJV by CBT tech-

nique using postoperative CT, according to the classification

of FJV advocated by Seo et al.17): grade 0: no violation;

grade 1: screw or rod in contact with the facet joint, but did

not enter the articular facet joint; and grade 2: screw or rod

invaded the facet joint. Fig. 3 presents FJV by screw shaft

in our series (Fig. 3). Matsukawa et al. reported that the in-

cidence of FJV by CBT (11.8%) was lower than that of TT

(15%-100%) and the independent factors significantly affect-

ing FJV in the CBT technique were age>70 years, vertebral

slip>10%, and adjacent facet joint degeneration (Pathria

grade 2 or 3)16). CBT has the potential to reduce ASD by

preventing FJV. The reason why our incidence of cranial

ASD was higher than that of Sakaura et al.15) remains un-

known; however, it is possible that the proportion of ASD

was high due to the small total number of cases. Other

likely explanations include differences in the cases’ condi-

tions, such as the degree of facet degeneration and the pre-

cise surgical procedures. Further study with longer follow-

up period in more cases is required to disclose that.

Several risk factors associated with the development of

ASD were described previously. A recent systematic review

reported that the risk factors of ASD following lumbar fu-

sion surgery were age (�60 years), genetic factors, high

BMI, preexisting adjacent segment degeneration, laminec-

tomy at the adjacent level of fusion, excessive distraction of

the fusion level, insufficient LL, multilevel fixation, floating

fusion (multilevel fixation with the lower end vertebra of

L5), coronal wedging of L5-S disc, posterior tilting of the

pelvis, and osteoporosis18). In the present study, consistent

with previous reports, the latest LL was significantly associ-

ated with the radiographical ASD. Moreover, in the CBT

technique, it is suggested that maintaining an appropriate LL

is important to prevent ASD, as in the TT technique. The

participants of the present study have exclusively single-

level DLS, so it is difficult to voluntarily control the align-

ment of the total lumbar spine by single-level PLIF. How-

ever, we, spine surgeons, must keep in mind to achieve suf-

ficient FL in performing lumbar spinal fusion. Indeed,

biomechanical experiments revealed that local hypolordosis

at the fused segment following lumbar fusion can enhance

non-physiological load at the adjacent segment and promote

its degeneration19,20).

The limitations of the present study are the short follow-

up period (minimum 24 months, mean 43 months); the lim-

ited number of cases without control arm; the definition of

radiographical ASD in asymptomatic cases, which is only

standard radiograph; and the lack of precise assessment of

FJV. Another limitation is that the optimal postoperative

lumbar sagittal alignment has not been set. Okuda et al. re-

ported that the incidence of radiographical ASD increased

with the follow-up period regardless of symptoms, reaching

75% 10 years following surgery1). The postoperative follow-

up period of the present study is not sufficient to conclude

the incidence of ASD; one cannot know the middle- and

long-term results of the CBT-PLIF because the CBT tech-

nique is a newly advocated procedure. Larger, longer-term

follow-up studies are required to elucidate the clinical output
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Figure　2.　Magnetic resonance imaging performed before the 

initial surgery (A–C) and the second surgery (D, E). The latter 

shows lumbar canal stenosis not observed on MRI before the initial 

surgery and facet cyst with facet effusion at the unfused adjacent 

level (D, E).

Figure　3.　Facet joint violence by screw 

shaft revealed by postoperative computed to-

mography.

of the CBT technique.
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