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Background: Compared to other risk factors, adjacent facet joint degeneration (AFD) is the main
contributor to adjacent segment disease (ASD). The interbody cage may be a potential indirect risk of AFD.
This study investigated the correlations among the lumbar sagittal balance parameters, the inter-body cage's
intraoperative positioning variables, and adjacent facet joint degeneration following the transforaminal
lumbar interbody fusion (TLIF) technique.

Methods: Patients who accepted single-level TLIF for symptomatic lumbar degenerative disease and
were followed up for at least six months were enrolled in this study. According to the inclusive and exclusive
criteria, 93 patients were included (44 males and 49 females). X-ray and computed tomography (CT) images
were obtained before and six months after surgery. The vertebral contour and the center of the marker mass
in the cage were calculated using a geometric algorithm. Orthopedic surgeons measured the disc height,
lordosis angle, and facet joint degeneration. Patient-reported outcomes, including the Oswestry Disability
Index (ODI) and the visual analog scale (VAS), were used to assess the clinical outcomes. The Student’s t-test,
Wilcoxon rank-sum test, and Chi-square test were used for the statistical analyses.

Results: The average age was 53.7 years old (range, 27-84 years). The average functional disability
outcome assessed by the ODI was 61.2, and the average back and leg pain assessed by the VAS was 6.2 and 6.9,
respectively. The patients were categorized into a normal group and an abnormal (AFD) group according
to whether the facet joint degeneration was aggravated. The abnormal group had a higher back pain VAS
score (P=0.031) and lower sagittal vertical position (P=0.027). The other parameters were similar at baseline
(P>0.05). The cage’s sagittal vertical position decreased significantly with AFD aggravation (OR, 0.737; 95%
CIL, 0.561-0.969).

Conclusions: In patients with AFD aggravation, the preoperative VAS and postoperative ODI scores were
significantly higher. The cage position parameters were related to AFD. A lower cage center was associated
with a greater incidence of AFD.
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Introduction

Spinal fusion was first reported for the treatment of Pott's
disease and spinal deformity. Decades later, adjacent segment
disease (ASD) was reported as an unusual complication in
patients who accepted intervertebral fusion (1). Recently,
ASD is increasingly recognized as one of the most common
complications after fusion surgery. Current studies suggest
that spinal fusion surgery is more likely to result in ASD
that compromises neurologic function at the adjacent
segment. However, both the pathological and biomechanical
mechanisms remain controversial (2). As an undesirable
result, the phenomenon of segmental instability after fusion
was found in 45% of patients (3), and the reoperation rate
was as high as 31% (4). Therefore, enhanced knowledge of
ASD avoidance, recognition, and management remains an
essential objective for spinal surgeons.

Although the mechanism of ASD remains controversial,
the reported potential risk factors for ASD include age, sex,
segment, number of fusion segments, disc degeneration, facet
joint degeneration, operation mode, menopause state, and
sagittal alignment (5). Compared to other risk factors, adjacent
facet joint degeneration (AFD) is generally considered more
critical in ASD development (6). Theoretically, AFD is more
likely to damage the facet joint and subsequently accelerate the
adjacent segment degeneration as the pedicle screw violates the
facet joint (7). Our previous study argued that the facet joint
violation rate was as high as 39.39% after minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF) (8); this
finding implies a high potential risk of ASD caused by the so-
called posterior implant.

As another key aspect of the anterior implant, the cage
should be considered as a potential factor for complications.
It has been reported that the cage is the main contributor to
regional lordosis in sagittal alignments and is associated with
clinical outcomes and AFD (9-11). Anterior positioning
with sufficient space behind the cage is recommended to
determine optimal lordosis (9) and prevent posterior cage
migration (12). Biomechanically, the cage's strain has been
previously analyzed in a cadaveric study, which concluded
that a posterolateral placement on the stronger epiphysis
contributed to cage subsidence prevention (13).

To the best of our knowledge, the clinical effect of
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intraoperative cage positioning has not been previously
discussed in the context of AFD. We hypothesized that the
incidence of AFD at short-term follow-up was almost 50%
in patients who underwent TLIF surgery. Furthermore,
the cage positioning variables were significantly related
to postoperative AFD and patient-related outcomes.
Therefore, this study aimed to investigate the correlation
between cage parameters and AFD. We present the
following article following the MDAR checklist (available at
http://dx.doi.org/10.21037/atm-20-7718).

Methods
Study design and consent

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
ethics board of Tongji Hospital of Tongji University (No.:
K-2017-008) and individual consent for this retrospective
analysis was waived.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) age >18 years;
(I) accepted for single-level TLIF for symptomatic lumbar
degenerative disease; (III) the X-ray film of the lumbar
spine in the frontal and lateral view before and after surgery
was available and could be recognized by the software;
(IV) patients were followed up for more than six months,
and (V) the implanted cages were the same type and size.
The exclusion criteria were as follows: (I) Lumbar surgery
history; and (II) lumbar deformity, infection, tumor, or
trauma.

Follow-up method

The patients were followed up for at least six months
before and after the surgery. Both standard anteroposterior
and lateral X-rays of lumbar and lumbar CT were taken.
According to the inclusion and exclusion criteria, the
preoperative and postoperative X-ray and CT image data
of patients who underwent TLIF from January 2013
to June 2016 were obtained. The adjacent facet joint
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Figure 1 Recognition of vertebral margins via X-ray films and
calculation of AHD, PDH and SL parameters.

Page 3 of 10

degeneration grades were assessed via the lumbar CT
image. The CONCORDE® Bullet lumbar interbody
cage (Depuy Synthes, 325 Paramount Drive Raynham,
MA), intervertebral space height, vertebral height, and
lordosis angle were measured by spinal surgeons (Figure I).
Demographic characteristics, including age, gender, and
body mass index (BMI), were collected for all patients at
the beginning of this study. Patient-reported outcomes,
including the ODI and VAS scores, were collected at
follow-up. For the ODI, a higher score corresponds with
better function, while for VAS, a higher score indicates
WOrse Symptoms.

Measurement of lumbar parvameters

The anterior disc height, posterior disc height, lordosis
angle in the fusion segment, and adjacent intervertebral
space were measured, as well as lumbar lordosis. According
to the Weishaupt classification (14) (Figure 2 & Table 1),

Figure 2 Facet joint degeneration grade illustrations. (A) Grade 0; (B) Grade 1; (C) Grade 2; (D) Grade 3.
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Table 1 Weishaupt classification

Li et al. Post-operative adjacent facet joint degeneration

Grade Criteria

0 Normal facet joint space (2-4 mm width)

1 Narrowing of the facet joint space (<2 mm) and/or small osteophytes and/or mild hypertrophy of the articular process

o Narrowing of the facet joint space and/or moderate osteophytes and/or moderate hypertrophy of the articular process and/
or mild subarticular bone erosions

3 Narrowing of the facet joint space and/or large osteophytes and/or severe hypertrophy of the articular process and/or

severe subarticular bone erosions and/or subchondral cysts

Figure 3 (A) Coronal plane view of the cage; (B) sagittal plane view of the cage; (C) axial plane view of the cage; (D) 3D view of

CONCORDER Bullet lumbar interbody cage (Depuy Synthes).

two spinal surgeons’ grade of degeneration of the facet joint
was evaluated. If the evaluation results were inconsistent,
another senior physician was required to provide an
evaluation. The evaluation of the senior physician prevailed.

Measurement of cage parameters

As shown in Figure 3: Point # is the tip of the cage; point &
is the position next to point #; point ¢ is the farthest position
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at the back of the cage; point d is the intersection point of
the line &¢ (as the center point of the cage), and line ad is the
center axis of the cage. As shown in Figure 44: Points a, b,
and ¢ are the three feature recognition points of the cage.
CC is the center point of the cage, and the middle axis of the
cage is the line between # and CC. As shown in Figure 4B:
yIy2 represents the vertical centerline of the lumbar. The
line through the lower endplate's anterior and posterior
points in the fusion level was set as the horizontal position
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Figure 4 (A) Measurement of cage parameters in the sagittal plane;

(B) measurement of cage parameters in the coronal plane.

to set up the coordinate system.

Statistical analysis

Patients were assigned to either a normal or abnormal (AFD)
group dependent on whether the facet joint degeneration was
aggravated, as assessed by two independent spinal surgeons.
The patients' demographic and clinical characteristics,
including age, gender, BMI, cage, disability, and pain
measurements, were assessed by descriptive statistics. For
continuous variables, comparisons between groups were
assessed using the Student's t-test or Wilcoxon rank-sum
test as appropriate. For categorical variables, comparisons
between groups were assessed using the chi-square test. For
the ODI measurement, a mixed-effect linear model with
repeated measures analysis was used, in which the group,
visit, and the interaction between group and visit were set as
fixed effects. Individual patients were set as random effects.
The same approach was used for the other longitudinal
continuous outcomes, including the back and leg pain VAS
scores. Variables significant at the 0.1 level in the univariate
analyses were selected as candidates for a multivariate logistic
regression model. Stepwise elimination model-building
with a bootstrap approach (using 1,000 bootstrap samples
of all the data) was used to select the independent variables
to be retained in the final model. Before the final model
construction, collinearity among the predictor variables
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was checked using the variance inflation factor (VIF). We
considered collinearity to be present if the VIF of the
variables was greater than 5. All statistical analyses were
performed using SAS version 9.4 (SAS Institute, 100 SAS
Campus Drive Cary, NC 27513-2414, USA), and a two-sided
P value <0.05 was considered significant.

Results

Study population characteristics and prevalence of joint
degeneration

A total of 93 patients (44 males and 49 females), including
69 cases of lumbar spinal stenosis and 24 cases of lumbar
disc herniation, respectively, were included in the study. The
average age of patients was 53.7 years (range, 27-84 years),
the average functional disability outcome as assessed by the
ODI was 61.2, and the average back and leg pain assessed by
the VAS was 6.2 and 6.9, respectively. The most common
surgical segment was L4/5 (53.8%) and L5/S1 (37.6%),
and the prevalence of joint degeneration after surgery was
53.8% (50/93). The abnormal group had a higher back pain
VAS score (P=0.031) and lower sagittal vertical position
(P=0.027). However, the other parameters were similar at
baseline (each P>0.05). Table 2 summarizes the patients'
demographic and clinical characteristics.

Pain and functional disability outcome

After the operation, both groups [mean, 14.2 (95% CI,
12.9-15.5) for the normal group vs. 16.0 (95% CI, 14.8-
17.2) for the AFD group] showed a significant improvement
in their ODI scores (both P<0.001). The between-group
difference in the ODI score was -1.8 (95% CI, -3.5 to
0; P=0.049). Both the normal group (mean, 3.4; 95% CI,
3.0-3.8) and the AFD group (mean, 3.8; 95% CI, 3.4-4.1)
reported significant improvement in the VAS for back pain
(P<0.001 for both groups) after surgery. This improvement
continued six months after surgery [0.4 (95% CI, 0.2-0.6)
for the normal group and 0.7 (0.5-1.0) for the AFD
group]. Similar results were observed for the VAS leg pain
scores (Table 3). In terms of pain assessment, there was no
significant difference between the groups.

Logistic regression analysis of related factors in an

abnormal population

Logistic regression analysis with stepwise elimination
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Table 2 Demographic and clinical characteristics of patients
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Characteristics® Normal (n=43) Abnormal (n=50) Total (n=93) P value
Age (yr) 52.6+14.3 57.6+12.3 53.7+13.4 0.450
Male, n (%) 21 (48.8) 23 (46.0) 44 (47.3) 0.837
BMI (kg/m?) 26.3+2.9 25.8+3.6 26.0+3.3 0.429
oDl 60.6+3.0 61.8+3.0 61.2+3.1 0.060
VAS for back pain 5.9+1.1 6.4+1.1 6.2+1.2 0.031
VAS for leg pain 6.7+£1.2 7.0£1.1 6.9+1.1 0.101
Segment, No. (%) 0.200
L2/3 0 1(2.0) 1(1.1)
L3/4 1(2.3) 6(12.0) 7(7.5)
L4/5 23 (53.5) 27 (54.0) 50 (53.8)
L5/81 19 (44.2) 16 (32.0) 35 (37.6)
Surgery method 0.298
Open 28 (65.1) 27 (54.0) 55 (59.1)
Micro 15 (34.9) 23 (46.0) 38 (40.9)
Direction, n (%) 0.090
Left 22 (561.2) 16 (32.0) 38 (40.9)
Right 21 (48.8) 34 (68.0) 55 (59.1)
Cage parameters
Angle between cage and endplate 5.7+4.9 4.0+6.5 4.8+5.8 0.157
Angle between cage and central line” 129.2 (106.3-142.1) 126.0 (112.3-137.3) 126.8 (111.7-139.3) 0.829
Coronal horizontal position 2.4+4.4 2.9+4.7 2.7+4.5 0.601
Coronal endplate diameter of lower vertebrae 51.9+5.9 53.7+5.8 52.9+5.9 0.142
Sagittal horizontal position -1.4+3.8 -1.6+3.6 -1.5+3.7 0.786
Sagittal vertical position” 0.7 (-0.3t0 1.9) 0.2 (-1.8t01.3) 0.3(-1.1t0 1.5) 0.027
Coronal endplate diameter of lower vertebrae 34.8+3.6 36.3+4.8 35.6+4.3 0.101
Angle between upper screw angle and endplate 4.1+5.8 3.8+5.2 4.0+5.4 0.781
Angle between lower screw angle and endplate 1.5+5.8 3.3+5.6 2.4+5.7 0.144
Local balance parameters
Anterior height of upper intervertebral space 1.7+£0.3 1.6+0.3 1.7+£0.3 0.536
Posterior height of upper intervertebral space 0.9+0.2 0.9+0.3 0.9+0.2 0.998
Anterior height of surgery intervertebral space 1.6+0.4 1.6+0.4 1.6+0.4 0.894
Posterior height of surgery intervertebral space 0.8+0.2 0.9+0.4 0.8+0.3 0.091
Anterior height of lower intervertebral space 1.7+0.4 1.7+0.4 1.7+0.4 0.934
Posterior height of upper intervertebral space 0.8+0.2 0.8+0.2 0.8+0.2 0.299
Segmental lordosis of fusion level 14.1+5.8 12.8+6.9 13.4+6.4 0.326
Segmental lordosis of upper level 9.5+6.1 9.2+6.5 9.3+6.3 0.786
Segmental lordosis of lower level 16.6+5.5 14.9+5.8 15.6+£5.7 0.246
Lumbar lordosis 31.4+12.1 32.4+13.9 31.9+13.1 0.704

°Data are expressed as mean with standard deviation unless otherwise indicated. "Presented as median with interquartile range. BMI,
body mass index; ODI, Oswestry Disability Index; VAS, Visual Analog Scale.
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Table 3 Disability and pain assessment after operation
Variable Normal (n=43) P value Abnormal (n=50) P value Difference P value
ODI, adjusted mean (95% CI)
6-mo after operation 14.2 (12.9-15.5) <0.001 16.0 (14.8-17.2) <0.001 -1.8(-3.5t00) 0.049
VAS for back pain, adjusted mean (95% ClI)
Post-operation 3.4 (3.0-3.8) <0.001 3.8 (3.4-4.1) <0.001 -0.4(-0.9t0 0.1) 0.136
6-mo after operation 0.4 (0.2-0.6) <0.001 0.7 (0.5-1.0) <0.001 -0.3(-0.6t0 0.1) 0.093
VAS for leg pain, adjusted mean (95% ClI)
Post-operation 3.1(2.7-3.5) <0.001 3.4 (3.1-3.8) 0.003 -0.3(-0.9t00.2) 0.183
6-mo after operation 0.3 (0.1-0.5) 0.003 0.6 (0.4-0.8) <0.001 -0.2(-0.5t0 0.1) 0.104
ODI, Oswestry Disability Index; VAS, Visual Analog Scale.
Table 4 Backward logistic regression with bootstrap method
Variables B SE P value Odds ratio (95% CI)*
Intercept -4.411 1.972 0.0253
Sagittal vertical position -0.305 0.139 0.0287 0.737 (0.561 to 0.969)
Coronal endplate diameter of lower vertebrae 0.127 0.055 0.0197 1.135 (1.020 to 1.263)

*Regression coefficient and corresponding odds ratio after bootstrapping.

identified five cage parameters and two diameters of the
surgery level's lower endplate. No collinearities were
observed among variables in the multivariate logistic
regression analysis (VIFs <1.5). After bootstrapping and
adjustment for overfitting, the final model's ROC area was
0.704, with two independent variables: the cage’s sagittal
vertical position and the coronal endplate diameter lower
vertebrae. Table 4 shows the regression coefficients and
odds ratio per predictor adjusted for overfitting. The cage's
sagittal vertical position decrease was significantly associated
with AFD aggravation (OR, 0.737; 95% CI, 0.561-0.969).
Each unit of decreased sagittal vertical position of the cage
increased the likelihood of joint degeneration by 35.7%.
Moreover, an increased coronal endplate diameter of the
lower vertebrae was significantly associated with AFD (OR,
1.135; 95% CI, 1.020-1.263) and signified that the odds of
AFD increased 13.5% with each millimeter in the coronal
endplate diameter of the lower vertebrae.

Distribution of the cage center in the axial plane

The horizontal parameters of the cage center point (%,
normalized to endplate size) were as follows: Normal group,
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front and back position, -3.32+9.77; left and right position,
5.66x11.57; abnormal group, front and back position,
-3.81+8.58; left and right position, 7.86+11.63. There was
no significant difference between the groups in the front-
back position (P>0.05) and the left-right position (P>0.05).
The location probability of the cage center is shown in
Figure 5.

Discussion

Previous studies suggest no correlation between postoperative
clinical results (including VAS and ODI scores) and ASD
after lumbar fusion surgery (15,16). However, in the current
study, the preoperative back pain VAS score (P=0.031) was
higher in patients with AFD aggravation. A previous study
suggested that AFD is one of the key factors in lower back
pain (17). Long-term lower back pain causes disuse atrophy of
the paraspinal muscles, leading to the aggravation of ASD (6),
thus forming a vicious circle. Furthermore, patients with
AFD aggravation were likely to report a higher ODI
score, and consequently, a poorer life quality. Therefore,
spinal surgeons should pay close attention to AFD and
intervention treatment, especially in patients with lower
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Figure 5 (A) Cages’ horizontal position of the normal group; (B) Cages’ horizontal position of the abnormal group.

back pain and poor postoperative ODI scores.

Most previous studies have focused on the relationship
between cage parameters and the lumbar sagittal sequence,
such as the intervertebral space height and the lordosis
angle. Omidi-Kashani et a/. suggest that after fusion surgery
at the L4-L5 level, the intervertebral fusion cage may not
significantly improve the radiological and clinical outcomes
but may be related to more complications and morbidity (18).
Furthermore,

Castellvi et al. found that the best cage position for
acquiring stability is near the sagittal plane’s midline (19). In
our study, most of the cage positions were near the midline.
Other studies pointed out that a large cage contributes to
the recovery and maintenance of lumbar lordosis, segmental
lordosis, and disc height (20-22).

Compared to disc degeneration, AFD plays a more
critical role in developing ASD (6). Our results indicate a
significant difference in the cage’s vertical position between
patients with and without progression in AFD (P<0.05).
According to the logistic regression analysis, a lower cage
center is associated with a greater probability of AFD (OR,
1.788; P=0.003).

The endplate contour is defined as the connection of
the front and back edges of the endplate. Theoretically, the
distance between the cage center and the two endplates should
be equivalent. When the endplate was over-polished, the
cage subsided to the lower endplate. Consequently, a lower
cage position is presented in the X-ray figure. Besides, over-
polishing of the endplate caused endplate defects, resulting in
inflammation, then transduction to the facet joint through the
vertebral body, and finally aggravation of AFD (23).

The relative cage subsidence may decrease the disc
height restoration and segmental lordosis (24,25).
Inadequate restoration of disc height and segmental

© Annals of Translational Medicine. All rights reserved.

lordosis plays an important role in ASD (especially disc
degeneration) (26-29). Yang and Kim found that when the
intervertebral space’s height decreased, the normal facet
joint would bear 3-25% more vertical stress (30), which
may accelerate AFD. Previous imaging studies have directly
shown that a decrease in disc height accelerates AFD (31).

There were some limitations to the current study.
The clinical sample size of 93 cases was modest. We did
a power analysis with the following condition: using ODI
for sample size calculation, the between-group difference
was set as 1.8 points (14.2 in one group and 16.0 in the
other), and a standard deviation of 3 points was set for the
ODI difference. To achieve “power =0.8”, a minimum of
90 clinical samples would be required. Our sample size was
93 and therefore met the minimum requirements. Many
factors affect the accuracy of X-ray measurement data:
In this study, to overcome the single plane error as much
as possible, we carried out a unified shooting posture for
all subjects. This study is a retrospective study without
randomized control. The grade of AFD and age were not at
the same level. These two factors were independent factors
associated with AFD, but this is the first study to find cage
space parameters related to AFD. However, further research
and long-term follow-up with a greater number of patients
is still needed.

Conclusions

In patients with AFD aggravation, the preoperative VAS
and postoperative ODI scores were significantly higher.
The cage space parameters were associated with AFD,
insofar as the lower the cage center, the greater the
probability of AFD. We suggest that the inferior endplate
should be performed with care during surgery, especially for
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osteoporosis patients.
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