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The Association between High Preoperative
MRI-based Vertebral Bone Quality (VBQ) Score
and Titanium Mesh Cage Subsidence after Anterior
Cervical Corpectomy and Fusion

Qiujiang Li, MD' ©, Ce Zhu, MD', Qinghong Xia, MS®, Huiliang Yang, MD', Limin Liu, MD', Ganjun Feng, MD',
Yueming Song, MD'

"Department of Orthopaedics, Orthopaedic Research Institute, West China Hospital, Sichuan University and *Operating Room of Anesthesia
Surgery Center, West China Hospital, Sichuan University/West China School of Nursing, Sichuan University, Chengdu, China

Objective: Recently, the MRI-based vertebral bone quality (VBQ) score has been shown to correlate with Hounsfeld
units (HU) value, dual-energy X-ray absorptiometry (DEXA) T-score and predict osteoporotic fractures. Preoperative cer-
vical HU value is an independent correlative factor for early titanium mesh cage (TMC) subsidence after anterior cervi-
cal corpectomy and fusion (ACCF). However, to date the direct association between cervical VBQ score and TMC
subsidence has not been studied. This study aims to investigate the predictive effect of cervical VBQ score derived
from sagittal non-contrast-enhanced T1-weighted MRI on the early TMC subsidence after ACCF.

Methods: Patients who underwent one-level ACCF from January 2016 to January 2020 were included. We retrospec-
tively collected baseline data on age, sex, body mass index (BMI), disease type, level of surgery and radiology parame-
ters. The cervical VBQ score was measured using preoperative non-contrast-enhanced T1-weighted MRI. Univariate
and multivariate logistic regression analysis were performed to screen the independent risk factors of TMC subsi-
dence. The receiver operating characteristic (ROC) curve and area under curve (AUC) were performed to assess the
predictive ability of TMC subsidence based on the cervical VBQ score. Spearman correlation analysis was used to
determine the correlations between the cervical VBQ score and TMC subsidence.

Results: A total of 134 patients who underwent one-level ACCF were included in this study, and 46 (34.33%) patients
had TMC subsidence. Univariable analyses demonstrated that the age, TMC placement depth and VBQ score were
associated with subsidence. The cervical VBQ score in the subsidence group was significantly higher than that in the
no subsidence group (3.75 4+ 0.45 vs. 3.20 £+ 0.42, p < 0.001). The multivariate logistic regression analysis proved
that the higher VBQ score (odds ratio[OR] = 13.563, 95% confidence interval [CI] 4.968 - 37.031, p < 0.001) was the
only variable that significantly predicted subsidence. Using a VBQ score cutoff value of 3.445, the cervical VBQ score
yielded a sensitivity of 69.6% and a specificity of 85.2% with an AUC of 0.810 to differentiate patients with subsi-
dence and with no subsidence.

Conclusion: Preoperative higher cervical VBQ score is an independent risk factor for TMC subsidence after ACCF. The
cervical VBQ score may be a valuable tool for assisting in distinguishing the presence of TMC subsidence.
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Introduction
Anterior cervical corpectomy and fusion (ACCF) is an
effective treatment for cervical spondylosis (CS), which
can adequately relieve spinal cord compression by direct
decompression and improve the prognosis of patients."”
After cervical corpectomy, most bone defects require recon-
struction using allografts, autografts, artificial bones. Autolo-
gous graft is widely accepted as a gold standard due to its
advantages of good osteogeneration, osteoconduction, and
osteoinduction.”™ However, some patients are still subject to
postoperative complications arising from the donor site,
including persistent pain, infection, donor site hematoma. In
contrast, the application of allograft bone is limited by
pseudarthrosis and delayed healing. In recent years, titanium
mesh cage (TMC) filled with autologous bone has been
widely used in ACCF with satisfactory clinical results.””’
However, TMC often shows high cage subsidence during
early postoperative period. According to related reports, the
risk of early postoperative subsidence of TMC varies from
9% to 79.7%.° ' Severe subsidence is associated with poor
neurological recovery and clinical outcomes. In addition,
excessive subsidence to adjacent vertebrae may lead to recon-
struction failure and recurrence of neurological symptoms."'

TMC subsidence is associated with multiple factors
such as the number of fusion, endplates damage, cage size,
cage position, and cage material properties.*'>'* In addition
to the above factors, low bone mineral density (BMD) is also
an important risk factor associated with cage subsidence."” ™"
Previous studies have found that preoperative cervical
Hounsfeld units (HU) value is an independent correlative
factor for early TMC subsidence after one level ACCFE.” A
new MRI-based vertebral bone quality (VBQ) score has
emerged as an alternative to dual-energy X-ray absorptiome-
try (DEXA) for measuring BMD.'*" " Recently, the MRI-
based vertebral bone quality (VBQ) score has been shown to
correlate with HU value, DEXA T-score and predict osteopo-
rotic fractures.'® Higher VBQ scores have been shown to be
a risk factor for cage subsidence and reoperation after lum-
bar fusion.'®!” As far as we know, no previous research has
evaluated the association of VBQ score with TMC subsi-
dence after ACCF.

Therefore, in this retrospective study, we measured
VBQ scores based on preoperative cervical MRI to: (i) assess
VBQ score and other potential risk factors of TMC subsi-
dence: and (ii) to assess its predictive value for TMC
subsidence following ACCF.

Methods

Patients

This was a retrospective, single-center, and consecutive
cohort study. We included 134 patients who underwent one-
level ACCF with TMC between January 2016 and January
2020. The study was approved by the ethics committee of
our hospital (No. 2023-250), and all patients signed an
informed consent form. Inclusion criteria were as follows:
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(i) diagnosis of cervical spondylosis confirmed by imaging
and physical examination; (ii) patients underwent preoperative
3.0 T cervical magnetic resonance image (MRI), including at
least T1-weighted MRI; and (iii) no history of spine surgery.
Exclusion criteria were as follows: (i) patients with obvious
contraindications to surgery; (ii) patients with tumors, tuber-
culosis, or infections; (iii) patients with serially ossification of
the posterior longitudinal ligament (OPLL) and severe ossifi-
cation of the ligamentum flavum; and (iv) patients lacking
complete clinical follow up data more than 1 year after sur-
gery. The detailed flowchart is shown in Figure 1.

Surgical Technique

The surgery procedures were performed by one of four
senior orthopedic spine orthopedic surgeons with more than
20 years of experience. The level of surgery was determined
by physical examination and radiological examination. All pre-
operative tracheoesophageal push training was performed to
prevent postoperative dysphagia. All patients received general
anesthesia and a right-sided anterior cervical approach. After
prevertebral fascia incision, the vertebral body and anterior part
of the disc were exposed. After removal of the intervertebral
disc and subtotal vertebrectomy, the endplates at both ends
were completely preserved. Then the posterior longitudinal lig-
ament and the osteophytes of vertebrae posterior margin were
removed and the nerve root and dura will be decompressed
adequately. After complete decompression, the appropriate
TMC was selected according to the extent of resection and
autologous cancellous bone fragments were taken and
implanted into the bone socket. Then, the TMC was inserted
into the corpectomy defect and an appropriately sized Atlantis
anterior cervical plate system was applied to all patients to
achieve immediate stabilization. Finally, a drainage tube was
placed after washing, and the incision was sutured layer by
layer. All patients were required to wear a cervical collar for
12 weeks after surgery and were followed up regularly.

Clinical Assessment

All patient-related information was obtained from medical
records. Clinical information, including age, sex, BMI, con-
comitant diseases (diabetes, hypertension) and other general
information was collected preoperatively. Clinical assess-
ments, including pain visual analogue scale (VAS), Japanese
Orthopaedic Association (JOA) and neck disability index
(NDI) scores, were collected from all patients preoperatively,
immediately postoperatively, at 3 months postoperatively
and at the final follow-up.

Radiological Assessment

Some radiological parameters on plain radiographs (cervical
lordosis, segmental height, segmental angle, TMC tilt angle
and TMC placement depth) were measured. Cervical lordosis
(CL): the angle formed between C2 and C7 lower endplate.
Segmental height (SH): the distance between the midpoint of
the superior endplate of the upper vertebral body and the
midpoint of the inferior endplate of the lower vertebral body
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364 patients receiving

ACCF

55 patients undergoing multi-
level ACCF
67 patients undergoing ACCF
without TMC

y

242 patients undergoing
one-level ACCF with TMC

108 patients lacking complete clinical
follow up data more than 1 years after
surgery

A

134 patients with completed
clinical data were enrolled

!

Subsidence

FIGURE 1 Flowchart of patient selection in the Group (1 = 46)

study.

in the fused segment on static and lateral X-ray. Inter-
vertebral distraction height was defined as postoperative SH
minus preoperative SH. Segmental angle (SA): the angle
formed between the superior endplate of the upper vertebral
body and the inferior endplate of the lower vertebral body in
the fused segment. TMC tilt angle (TA): the angle formed
between the lower plane of the titanium cage and the level of
the upper endplate of the inferior vertebral body. Placement
depth (PD): the distance between the posterior edge of the
titanium cage and the posterior edge of the vertebral body.
The correction of CL, SH and SA were defined as the
D-value between 1-week postoperative and preoperative.
The cage subsidence was defined as any loss of SH exceed-
ing 3 mm.

All imaging parameters were measured by two sur-
geons not involved in the initial procedure and analyzed
using the mean of the two measurements (Figure 2).

MRI-based Assessments

The VBQ score measurement method was shown as previ-
ously report.*” First, we placed the region of interest (ROI)
in the medullary portions of C3 through C6 vertebral bodies
to obtain the average signal intensity (SI). Then, the average
SI was divided by the signal intensity of the cerebrospinal
fluid (CSF) at the level of C5 to obtain the VBQ score. Mea-
surements were usually obtained from mid-sagittal section of
non-enhanced T1-weighted MRI images. In order to exclude
cortical bone, we defined the ROI as the area determined

l

No subsidence
Group (n=88)

3 mm from the upper and lower endplates. When the ROI
could not be placed at the C5 CSF due to obstruction, the
CSF at the level of C4 or C6 was utilized. The higher
the VBQ scores were, the more the adipose tissue existed
and the lower the BMD were. In other words, VBQ scores
were negatively correlated with BMD (Figure 3).

Statistical Analysis

Independent t-tests or analysis of variance (ANOVA) was
used for continuous variables, and the chi-square test or
Fisher’s exact test was used for categorical variables. We used
univariate analysis for preliminary screening the risk factors
of cage subsidence. Further multivariate logistic regression
analysis was performed to screen the independent risk fac-
tors. The correlation between the cervical VBQ score and
TMC subsidence was analyzed with a Spearman correlation
test. The receiver operating characteristic (ROC) curve was
used to evaluate the predictive ability of TMC subsidence
and the area under the curve (AUC) was calculated. The
ROC curve was used to establish the most suitable threshold
(cut value) for VBQ score with high sensitivity and specific-
ity. Intraclass correlation coefficient (ICC) was used to assess
the interobserver and intraobserver reliability of VBQ score
measurements, and ICC > 0.75 was considered to have good
reliability. SPSS, version 23.0 (SPPS, Chicago, IL, USA) was
used for statistical analysis. Differences were considered sig-
nificant if p value <0.05.
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FIGURE 2 Radiographic evaluation of TMC position. Cervical lordosis
(CL): the angle formed between C2 and C7 lower endplate. Segmental
height (SH): the distance between the midpoint of the superior endplate
of the upper vertebral body and the midpoint of the inferior endplate of
the lower vertebral body. Segmental angle (SA): the angle formed
between the superior endplate of the upper vertebral body and the
inferior endplate of the lower vertebral body. TMC tilt angle (TA): the
angle formed between the lower plane of the titanium cage and the
level of the upper endplate of the inferior vertebral body. Placement
depth (PD): the distance between the posterior edge of the titanium
cage and the posterior edge of the vertebral body.

Results

Study Population

Of the 364 of patients who met inclusion criteria, 134 patients
were included. The reasons for exclusion included multi-level
for 55 patients, without TMC for 67 patients and missing the
complete clinical follow up for 108 patients (Figure 1).
The mean age for included patients was 55.59 £ 6.52 years,
72 (53.73%) were male and 62 (46.27%) were female. The
mean BMI was 24.82 kg/m2 (SD 3.24) and the mean VBQ
score measured was 3.39 (SD 0.50). Diabetes, hypertension,
and coronary heart disease were diagnosed in 33 (24.63%),

VERTEBRAL BONE QUALITY AND TiTANIUM MESH CAGE

FIGURE 3 An example of a signal intensity measurement for the
vertebral bone quality score based on sagittal non-contrast-enhanced
T1-weighted magnetic resonance imaging of the cervical spine. CSF,
cerebrospinal fluid.

51 (38.06%), and 12 (8.96%) patients, respectively. The most
common level of surgery was C5 (36.57%), followed by C4
(33.58%) and C6 (29.85%). The mean follow-up duration
was 44.04 4+ 11.67 months (Table 1).

Interobserver and Intraobserver Agreements

Interobserver and intraobserver agreements between two
spine surgeons were near perfect, the ICC value and Kappa
coefficients of variables were all greater than 0.80, which
were defined to be excellent reliability (Table S1).

Demographic Characteristics and Radiographic

Parameters

Subsidence was observed in 46 of 134 patients (34.33%). The
level of surgery of subsidence occurred in 17 cases in C5,
19 cases in C6, and 10 cases in C7. Univariable analyses
demonstrated that the age, PD and VBQ score were associ-
ated with subsidence. VBQ score in the subsidence group
was significantly higher than that in the no subsidence
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TABLE 1 Summary of demographic and surgery characte

Variable Value

No. of patients 134

Age, years 55.59 + 6.52
Sex (F/M) 72/62
BMI, kg/m? 24.82 + 3.24
Charlson comorbidity index score (%) (0; 1; 2) 76/44/14
Diabetes (yes/no) 33/101
Hypertension (yes/no) 51/83
Coronary heart disease (yes/no) 12/122
Current smoker (yes/no) 27/107
Alcohol abuse (yes/no) 32/102
Disease type (myelopathy; radicular; mixed) 89/19/26
Level of surgery (C4; C5; C6) 45/49/40
Hospital stays, day 8.95 + 1.69
Surgery time, min 93.10 £+ 15.62
VBQ score 3.39 +£ 0.50
Follow-up duration, months 44.04 + 11.67

group (3.75 £ 0.45 vs. 3.20 £ 0.42, p <0.001) (Table 3).
Similarly, significant differences in age and PD were also
observed (Tables 2 and 3). Also, the TMC length was
2944+050 cm in the no subsidence group and
3.09 + 0.46 cm in the subsidence group. The intervertebral
distraction height was 0.36 4= 0.09 cm in the no subsidence
group and 0.38 & 0.07 cm in the subsidence group. There
was no significant difference observed in other factors, as
depicted in Tables 2 and 3.

Clinical Parameters

The VAS and JOA score significantly improved in both
groups at 1 week, 3 months postoperative and at final
follow-up. However, there were no significant differences in

TABLE 2 Demographic and surgery characteristics of patients

with and without subsidence

No subsidence Subsidence
Variable (n = 88) (n = 46) p value
No. of patients 88 46
Age, years 54.73 +£6.62 57.24+6.08 0.034
Sex (F/M) 47/41 25/21 0.918
BMI, kg/m? 25.04 +£3.17 24.40+3.35 0.279
CCl score (%) (0; 1; 2) 51/27/10 25/17/4 0.727
Diabetes (yes/no) 20/68 13/33 0.480
Hypertension (yes/no) 36/52 15/31 0.347
Coronary heart disease 6/82 6/40 0.231
(yes/no)
Current smoker (yes/no) 15/73 12/34 0.215
Alcohol abuse (yes/no) 19/69 13/33 0.390
Disease type 58/12/18 31/7/8
(myelopathy;radicular;
mixed)
Level of surgery (C4; C5; 28/30/30 17/19/10 0.331
C6)
Hospital stays, day 8.84 +1.51 9.15 + 2.00 0.355

91.31 £14.50 96.52 +17.22 0.066
44,95 +11.87 4230+ 11.19 0.213

Surgery time, min
Follow-up duration,
months

VERTEBRAL BONE QUALITY AND TiTANIUM MESH CAGE

TABLE 3 Radiographic parameters of patients with and without

subsidence.

No subsidence Subsidence
Variable (n = 88) (n = 46) p value
CL,°
Preoperative 15.13+6.94 14.83+7.44 0.819
Postoperative 1 week 18.98 + 6.34 19.04 £6.59 0.955
D-value 3.85 +3.24 4.21 +3.23 0.538
SH, cm
Preoperative 4.82 +0.78 5.11 + 0.98 0.067
Postoperative 1 week 5.40 + 0.80 5.68 + 0.98 0.080
D-value 0.58 £ 0.17 0.57 +£ 0.20 0.824
SA, °
Preoperative 4.22 +3.12 4.61 +2.79 0.486
Postoperative 1 week 9.37 £3.71 10.14 +2.94  0.226
D-value 5.15 + 1.90 5.63 +£2.12 0.287
TA, © 7.43 + 4.65 8.52 + 3.42 0.127
PD, mm 5.94 + 1.68 5.29 +£1.35 0.017
TMC length, cm 2.94 + 0.50 3.09 + 0.46 0.096
Intervertebral distraction 0.36 £ 0.09 0.38 £ 0.07 0.161
height, cm
VBQ score 3.20 £ 0.42 3.75+0.45 <0.001
Fusion rate at final-up 86/88 42/46 0.088

the VAS and JOA score between the two groups in preopera-
tive, 1 week, 3 months postoperative, and at the final follow-
up (Table 4).

Predictive Factors for TMC Subsidence

On multivariate logistic regression, higher VBQ score
(odds ratio[OR] = 13.563, 95% confidence interval[CI]
4.968 - 37.031, p < 0.001) was the only variable that signif-
icantly predicted subsidence (Figure 4). Detailed results of
the effect size of each variable in the multivariate analysis are
shown in Figure 4. In addition, we performed additional cor-
relation analyses to explore whether TMC subsidence was
associated with a higher VBQ score. Figure 5 showed a posi-
tive, significant correlation between subsidence and VBQ
score (r = 0.509, p < 0.001). To evaluate the diagnostic effi-
ciency, ROC curve was drawn and shown in Figure 5, the
AUC was 0.810. The cutoftf point was specified from

TABLE 4 Clinical parameters of patients with and without

subsidence.

No subsidence  Subsidence
Variable (n = 88) (n = 46) p value
VAS
Preoperative 5.91 +0.78 594 +0.65 0.849
Postoperative 1 week 2.65+0.74 2.89+0.80 0.081
Postoperative 3 months 2.02 +0.93 2.24+0.64 0.162
Final follow-up 1.55 + 0.93 1.72+0.72 0.240
JOA
Preoperative 12.33+2.90 12.76 +2.85 0.412
Postoperative 1 week 15.90 +2.85 16.40+2.89 0.345
Postoperative 3 month 16.16 +2.96 16.70 £2.96 0.321
Final follow-up 15.60 +2.80 15.96 +2.61 0.478
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Variable B Pvalue OR 95%CI
PD o —0.246  0.090  0.782  0.588~1.040
TA p 0.047 0.385 1.048  0.943~1.164
Age b 0.065 0.068 1.067 0.995~1.144
VBQ score —_— 2.607 <0.001 13.563 4.968~37.031
0.1 1 10 100

FIGURE 4 Forest plot of multivariate logistic regression analysis for potential risk factors of subsidence. PD, placement depth; TA, tilt angle.

the ROC curve using the optimal intersection of specificity
and sensitivity. The optimal cutoff for TMC subsidence was
calculated as 3.445 with a sensitivity of 69.6% and specificity
of 85.2% (Figure 6).

Discussion

n this study, we introduced a novel MRI-based vertebral

bone quality (VBQ) score in ACCF. The results showed
significantly higher VBQ scores with the presence of TMC
subsidence and preoperative higher cervical VBQ score was
an independent risk factor for TMC subsidence after ACCF.
The cervical VBQ score may be a valuable tool for assisting
in distinguishing the presence of TMC subsidence.

Clinical Outcomes and TMC Subsidence

Anterior cervical corpectomy and fusion is a commonly used
surgical procedure to release the spinal cord compression by
bony structures in the anterior approach, and its decompression
effect is clear.”’ Importantly, these TMC applied avoided com-
plications arising from autologous iliac bone graft such as pain,
hematoma, and infection in the donor area, which greatly
reduced the length of time in bed and would achieve higher

bone fusion rate. Our results showed significant
r=0.509
5 1 .
P<0.001
2 °
s 41 1t
] ]
n L
2 I
£ |
L]
2 | .

No susidence Subsidence

FIGURE 5 Graph showing a positive, significant correlation between
subsidence and VBQ score (r = 0.509, p < 0.001).

improvements in the aspects of VAS and JOA scores after
surgery, indicating that ACCF is an effective surgical treat-
ment for cervical spondylosis, which is consistent with the
existing literature.”>>> However, during the follow-up
period, we found no significant differences in postoperative
VAS and JOA score between the two groups, indicating that
TMC subsidence was not correlated with surgical progres-
sion. Previous investigations on the correlation between
TMC subsidence and clinical outcomes have reported con-
flicting results.'® Studies by Zhou et al”® and Oh et al.'*
showed no significant relationship, while Yao et al.”” showed
that postoperative JOA scores were poorer in patients with
cage subsidence. The possible reason may be largely related
to the measurement and diagnostic criteria of subsidence.
Van Jonbergen et al.”® suggested that postoperative inter-
vertebral height loss should be greater than 3 mm. Several
studies classified the subsidence of TMC as mild (1-3 mm)
and severe subsidence (=3 mm). The measurement error of
setting the standard as 2 mm is relatively large. Therefore,
we set the standard as the subsidence of the TMC measured

ROC curve: ROC of VBQ Score

100 (_'_/_'_’=
80

r 60 /

>

b=

N 40+ AUC: 0.810 + 0.041
5 Cutoff value: 3.445
(/2]

201
0

0 2-0 4.0 6-0 8-0 100
100% - Specificity%

FIGURE 6 ROC curve analysis and AUC of the VBQ score. ROC, receiver
operating characteristic.
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by lateral cervical X-ray at greater than 3 mm. Of
134 patients, 46 patients (34.33%) demonstrated TMC subsi-
dence. Excessive subsidence to adjacent vertebrae may lead
to reconstruction failure and recurrence of neurological
symptoms. However, we did not observe patients with obvi-
ous clinical symptoms in our study. This result may in part
explain the lack of correlation between TMC subsidence and
surgery progression.

VBQ Score and TMC Subsidence

Previous studies showed that multiple potential risk factors
contribute to the TMC subsidence, including advanced age,
osteoporosis, TMC tilt angle, and placement depth.®'**
Although there was a significant difference in age between
the two groups in our study, age was not an independent risk
factor. It may be related to the lower mean age of the popu-
lation included in this study. Older patients often have osteo-
porosis, and the decrease in bone mass leads to a decrease
in BMD and destruction of trabecular structures.’*' With
increasing osteoporosis severity, superior and inferior
endplate maximum stress will increase more, which increases
the potential risk of implant subsidence.”> Meanwhile, older
patients often have a combination of different degenerative
changes in the spine that lead to increased BMD, including
calcification, sclerosis or osteophyte formation, which can
lead to false negative results, consequently causing missed
diagnosis.”® > In addition, dual-energy X-ray absorptiometry
(DEXA) is not a routine test before cervical spine surgery
and previous study showed limited significance of cervical
DXEA for clinical guidance. Ehresman et al.”® presented a
novel tool based on sagittal non-contrast-enhanced
T1-weighted magnetic resonance imaging, VBQ score, for
clearly distinguishing healthy and osteopenic/osteoporotic
patients. VBQ scores reflect fat replacement in the medullary
regions of the lumbar vertebrae, while BMD may be con-
founded by bone size changes, osteophyte and sclerosis of
bone. Hu et al.'® found the VBQ score to be an independent
predictor of cage subsidence, and the VBQ score had better
correlation to the amount of subsidence than the DEXA
T-score. However, this notion has not yet been confirmed in
the cervical spine. This is the first study to predict TMC sub-
sidence by measuring cervical VBQ score, the results showed
VBQ score was significantly higher in the subsidence group
than that in the no subsidence group and VBQ score was
also a significant independent risk factor of TMC subsidence
after ACCF.

Significant Predictors of TMC Subsidence

In addition to the VBQ score, the position of the TMC was
found to be closely associated with cage subsidence. Zhang
et al.”’ also reported a lower subsidence rate of cage located
whole epiphysis. Compared to the no subsidence group,
TMC position was closer to the central disc space in the sub-
sidence group.”®*® The results of this study also found that
the TMC placement depth was significantly lower in the sub-
sidence group than that in the no subsidence group.

VERTEBRAL BONE QUALITY AND TiTANIUM MESH CAGE

Therefore, TMC should be implanted as anterior as possible
to obtain high resistance against subsidence. When tilt angle
is 0°, the lower edge of TMC is perfectly parallel to the
endplate, the contact area is maximum and the forces at each
contact point are the same. When tilt angle is too great, the
lower edge of TMC will be in point contact with the endplate
and the stresses on TMC will be concentrated at one point,
which will result in loss of fused segment intervertebral
height. All TMC used in our study were placed as parallel to
the endplate as possible, which might be one reason why
there was no significant difference in TMC tilt angle between
two groups.

Strengths and Limitations
No previous study has attempted to correlate preoperative
MRI with TMC subsidence after.

ACCF. Our study is the first to introduced a novel
MRI-based vertebral bone quality (VBQ) score in ACCF.
However, there are still some limitations of our study. First,
this is a retrospective study in a single center, and small sam-
ple was another limitation for the study. Further prospective
large-sampled randomized controlled studies are needed to
confirm the current findings. Second, DEXA was not rou-
tinely performed on these patients and thus this study failed
to demonstrate a significant association between hip, lumbar
spine BMD and cervical VBQ scores. The findings of this
study should be interpreted with caution due to the above
limitations and prospective data collection and closer clinical
follow-up will be the focus of future studies.

Conclusions
his is the first study to show that cervical VBQ score can
independently predict postoperative TMC subsidence in
patients undergoing ACCEF surgery. The preoperative cervical
VBQ score may serve as a simple and valuable tool of TMC
subsidence to help clinicians accurately identify individuals
with high subsidence risk.
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