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A novel cervical vertebral bone quality score
can independently predict cage subsidence
after anterior cervical corpectomy and fusion

Junhu Li'", Linnan Wang'", Zhipeng Deng', Shuxin Zheng', Lei Wang'" and Yueming Song'

Abstract

Objectives To optimize cervical vertebral bone quality (C-VBQ) score and explore its effectiveness in predicting cage
subsidence in Anterior Cervical Corpectomy and Fusion (ACCF) and identify a new method for evaluating subsidence
without different equipment and image scale interference.

Methods Collecting demographic, imaging, and surgical related information. Measuring Cage Subsidence with a
new method. Multifactorial logistic regression was used to identify risk factors associated with subsidence. Pearson’s
correlation was used to determine the relationship between C-VBQ and computed tomography (CT) Hounsfield
units (HU). The receiver operating characteristic (ROC) curve was used to assess C-VBQ predictive ability. Correlations
between demographics and C-VBQ scores were analyzed using linear regression models.

Results 92 patients were included in this study, 36 (39.1%) showed subsidence with a C-VBQ value of 2.05+0.45,

in the no-subsidence group C-VBQ Value was 3.25+0.76. The multifactorial logistic regression showed that C-VBQ

is an independent predictor of cage subsidence with a predictive accuracy of 93.4%. Pearson’s correlation analysis
showed a negative correlation between C-VBQ and HU values. Linear regression analysis showed a positive correlation
between C-VBQ and cage subsidence. Univariate analyses showed that only age was associated with C-VBQ.
Conclusions The C-VBQ values obtained using the new measurements independently predicted postoperative

cage subsidence after ACCF and showed a negative correlation with HU values. By adding the measurement of non-
operated vertebral heights as a control standard, the results of cage subsidence measured by the ratio method are
likely to be more robust, perhaps can exclude unavoidable errors caused by different equipment and proportional.
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Introduction

Anterior cervical corpectomy and fusion (ACCF) is a
surgery used to treat cervical spinal diseases, tumors,
and trauma [1, 2]. ACCF relieves compression in front of
the spinal cord, including the removal of herniated discs,
ossified posterior longitudinal ligaments, and osteo-
phytes [3]. However, hardware-related complications can
arise, such as screw and plate breakage and cage subsid-
ence, which are the most common complications [4].
According to the previous studies, subsidence ranges
from 9 to 79.7% [5-9].

Subsidence is inherent when achieving fusion between
vertebrae, and it can have adverse clinical and biome-
chanical effects, such as cervical foraminal stenosis and
cage displacement [10, 11]. The method of measuring
subsidence can differ among researchers and may include
the measurement of variations in disc gap height, fused
segment height, or displacement from cage insertion.
Subsidence is classified into 2 mm, 3 mm, 4 mm, or >10%
in different studies [12]. However, differences in equip-
ment and image scales often lead to unavoidable errors in
subsidence judgment.

Lower bone mineral density(BMD) is a crucial risk fac-
tor for cage subsidence according to numerous studies,
and dual-energy X-ray absorptiometry (DEXA) is the
most effective method for assessing BMD [13]. How-
ever, the use of DEXA in the cervical spine is extremely
limited; therefore, measuring and obtaining cervical
vertebra Hounsfield units (HU) values via cervical com-
puted tomography (CT) is gradually becoming an effec-
tive method for determining the bone quality of cervical
vertebrae [14, 15]. Soliman et al. [16]. developed a cervi-
cal vertebral bone quality (C-VBQ) score to predict cage
subsidence following anterior cervical discectomy and
fusion (ACDF). The C-VBQ score was derived from the
VBQ score for the lumbar spine developed by Ehresman
et al. [17] and has been validated [16]. The utilization
of the C-VBQ score in ACCF has not been thoroughly
studied, and it is possible that varying cage sizes and bio-
mechanics may result in increased cage subsidence and
impact the predictive accuracy of this score.

In this study, we aimed to optimize the C-VBQ score,
explore its effectiveness in predicting cage subsidence in
ACCEF patients and identify a new assessment method
that eliminates interference from variations in equipment
and imaging scales.

Methods

Patient population

This study examined 92 patients who underwent single-
level ACCF at a hospital between 2016 and 2021 and
received Ethics Committee approval from West China
Hospital of Sichuan University. Because this was a ret-
rospective study, informed consent was waived with
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the approval of the Ethics Committee. Preoperatively,
the patients underwent a T1-weighted cervical mag-
netic resonance imaging (MRI), CT, and a lateral cervi-
cal spine X-ray. At 3 days and at 1 year post-surgery, the
patients were re-examined with a lateral cervical spine
X-rays. The study included only patients with complete
imaging data. The clinical information collected included
age, sex, body mass index (BMI), smoking history, hyper-
tension status, diabetes status, cage type, surgical lev-
els, blood loss, and Charlson Comorbidity Index score.
Patients were excluded if they had been given a diagno-
sis of trauma, malignancy or infection, or had a history
of cervical surgery. Radiological calculations were per-
formed by two authors independently; when the two ini-
tial scores differed by more than 10%, a third author (with
a senior title) rechecked them and determined the final
score. Imaging parameters were measured using a picture
archiving and communication system (PACS) (Siemens,
syngo MultiModality Workplace, Germany).

Measurement of C-VBQ

The C-VBQ scores were assessed on midsagittal sections
of the patient’s preoperative cervical MRI T1-weighted,
non-contrast-enhanced images. A region of interest
(ROI) was delineated that included the C3, C4, C5, and
C6 vertebrae, containing as much of the cancellous bone
region as possible and excluding cortical bone, abnormal
subchondral alterations, focal lesions (e.g., hemangiomas)
and the posterior venous plexus. Two additional ROIs
were delineated placed in the cerebrospinal fluid (CSF)
anterior and posterior to the spinal cord in the C2 verte-
bral plane (Fig. 1). When obstruction exists in the CSF at
the C2 level occurred, the ROIs were located in the CSF
at the C1 vertebral plane. The median signal intensity (SI)
of C3-6 was subsequently divided by the average of the
pre and post spinal cord CSF SIs (Formula 1).

C — VBQ Score = 336 (1) 1)

Slosr

This score was proposed by Soliman et al. [16] based on
the same principles identified by Ehresman et al. [18]. To
avoid missing crucial areas, ROIs included as much of
the cancellous bone region as possible due to uneven fat
distribution in the vertebral body. Although the anterior
spinal cord space is wider at the C2 vertebral level than at
C3-6 [16], it is still more susceptible to posterior longi-
tudinal ligaments or herniated discs; therefore, it is more
accurate to include measurements of the posterior CSF
area of the spinal cord and then take an average. The car-
dinal and C7 vertebrae were excluded because of typical
anatomical differences compared to C3-6 [19].
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Fig. 1 Sagittal non-contrast-enhanced T1-weighted magnetic resonance
imaging of the cervical spine with the signal intensity of the regions of in-
terest (ROI) used to calculate the C-VBQ score. The ROIs include as much of
the vertebral cancellous bone region as possible. The anterior CSF region
of the spinal cord at the C2 vertebral plane is too narrow, and another ROI
is placed in the posterior CSF region of the spinal cord at the C2 level. The
C-VBQ score shown in this example is 1.88. C-VBQ: cervical vertebral bone
quality

1 Length: 1.50cm

2 Length: 5.69cm
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CT hounsfield value measurements

CT HU measurements were performed using the method
previously reported by Schreiber et al. [20]. In this study,
the HU values of C3-6 vertebrae were measured sepa-
rately, and the average value was recorded as the global
HU value.

Cage subsidence assessment standards

There is no consensus on the definition of subsidence,
Some studies use a grading scale such as grade 0, 1, or
2, while others define subsidence as a loss of more than
3 mm in height in fused segments [21, 22]. In our study,
we found that although the position of the cage did not
change significantly from the postoperative period to the
final follow-up in some of the patients, the height loss in
the fused segments was much greater than 3 mm accord-
ing to the methods used in previous studies, which led to
the judgment of pseudosubsidence. One of the possible
reasons for this difference is that two-dimensional imag-
ing is usually uncalibrated, and the height of the fused
segments depends on factors such as the radiation-emit-
ting source and the angle and the distance between the
patient and the detector. These factors are not considered
in most of the studies related to cage subsidence. Thus,
creating a method for subsidence measurement that can
effectively address these differences is crucial. Therefore,
we propose the proportional method for defining cage
subsidence, which includes measurements of body height
in vertebrae that have not undergone surgical manipula-
tion (e.g., C3) in addition to the segmental height of the
fusion (SH) postoperatively and at the time of the last
follow-up (Fig. 2). The measurement formula is as follows
(Formula 2):

1 Length: 1.56cm

2 Length: 5.49cm

Fig.2 (A), postoperative lateral cervical spine X-ray; (B), 1-year postoperative lateral cervical spine X-ray, the arrow shows a clear change in cage position
with visible subsidence. The height loss of the fused segments measured individually was only 0.2 cm (< 0.3 cm), which does not comply with the tradi-
tional definition of subsidence. Using a new subsidence measurement method, the relative loss of height of the fused segments was 0.43 cm (>0.3 cm)
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Table 1 Characteristics of patients undergoing Anterior Cervical
Corpectomy and Fusion

Patient No Subsidence(n=36) P
characteristics subsidence(n=56) value
Age 51.86+£12.18 5942+10.33 0.043
Sex
Men 38(67.9%) 24(66.7%) 0.905
Women 18(32.1%) 12(33.3%)
BMI" 23.28+231 2233+247 0.065
Smoking 19(33.9%) 18(50.0%) 0.125
Hypertension 11(19.6%) 8(22.2%) 0.765
Diabetes 3(5.4%) 1(2.8%) 0.554
Cage type
Titanium 27(48.2%) 20(55.6%) 0.492
n-HA/PAGG™ 29(51.8%) 16(44.4%)
Operation levels
c4 12(21.4%) 3(8.3%) 0.140
5 24(42.9%) 22(61.1%)
(@9 20(35.7%) 11(30.6%)
Blood loss 14821+137.74 150.28£87.46 0936
C-VBQ 2.05+045 325+0.72 <0.001
CT-HU" 405.76+61.27 307.01+£60.75 <0.001
Charlson score” 1.79+2.07 2334201 0214

BMI, body mass index; n-HA/PA66, nanohydroxyapatite/polyamide-66; C-VBQ,
cervical vertebral bone quality; CT-HU, computed tomography-Hounsfield
units; Charlson score, Charlson Comorbidity Index score

SH, postop
m x HCSfo//om—up - SH]Ollowfup 2 3 (2)

Statistical analyses

Statistical analyses were performed using SPSS 22 (SPSS,
Inc., Chicago, IL). Continuous variables are reported as
the mean+SD and were statistically analyzed using the
Student’s t-test. The categorical variables are reported
as frequencies and percentages and were assessed using
the x2 test. All clinical variables were included in a mul-
tifactorial logistic regression analysis used to identify
risk factors associated with subsidence. Pearson’s cor-
relation was used to evaluate the correlation between
C-VBQ score and HU. The area under the ROC curve
was used to assess the predictive power of the model.
The Youden index of the ROC curve was used to deter-
mine the optimal cutoff values for the variables. Finally,
univariate analyses of all baseline patient demograph-
ics were performed using linear regression models to
determine potential correlations between these data and
C-VBQ scores. A P value<0.05 was considered statisti-
cally significant.

Results

Patient demographic characteristics

A total of 92 patients were ultimately enrolled in this
study; 36(39.1%) patients exhibited subsidence, with
C-VBQ values of 2.05+£0.45 in the non-subsidence group
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Table 2 Multivariate logistic regression analysis for potential risk
factors of Subsidence after Anterior Cervical Corpectomy and
Fusion

variable Odd ratio 95% Cl p-value
Age 1.038 0.912-1.181 0572
Men 0.182 0.013-2.624 0.211
BMI" 1.075 0.691-1.672 0.749
Smoking 2.002 0.223-18.009 0.536
Hypertension 0.275 0.022-3.406 0314
Diabetes 6.338 0.126-49.352 0.175
n-HA/PAG6™ 0.428 0.058-3.144 0.404
Operation levels(C5) 5.480 0.515-64.989 0.115
Operation levels(C6) 2.853 0.126-64.493 0.510
Blood loss 0.998 0.987-1.009 0.681
C-VBQ" 5.700 3435-8.193 0.006
Charlson score” 0.989 0448-2.184 0978

BMI, body mass index; n-HA/PA66, nanohydroxyapatite/polyamide-66; C-VBQ,
cervical vertebral bone quality; Charlson score, Charlson Comorbidity Index
score

@

Subsidence(mm)
-

)
N

4 6
Cervical Vertebral Bone Quality

Fig. 3 The graph showed a significant positive correlation between sub-
sidence (mm) and C-VBQ score (r=0.817, P<0.001)

and 3.25+0.76 in the subsidence group(”<0.001). More-
over, the HU values were 405.76+61.27 in the non-sub-
sidence group and 307.01160.75 in the subsidence group
(P<0.001). The characteristics of all included patients
collected are summarized in Table 1.

Predictors of cage subsidence

Multifactorial logistic regression was performed includ-
ing all potential risk factors for cage subsidence after
ACCEF. The results showed that the C-VBQ score (odd
ratio=>5.700, 95% Cl= [3.435-8.193], P=0.006) was an
independent predictor of cage subsidence. The results
of the analyses are detailed in Table 2. Linear regression
analysis of the relationship between C-VBQ score and
cage subsidence revealed a positive correlation (r=0.817,
P<0.001; Fig. 3).
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Assessment of predictive value

The ROC curve for predicting cage subsidence by the
VBQ score was established, and the diagnostic accuracy
was 93.4% (95% CI=88.5-98.2%; Fig. 4). The ideal cutoff
value for the C-VBQ score was 2.71 (sensitivity: 80.60%,
specificity: 91.07%) according to the Youden index. Age
was significantly correlation with C-VBQ score accord-
ing to a univariate linear regression analysis (r=0.069,
P=0.012; Table 3).

VBQ score and CT-HU correlation

We discovered a noteworthy adverse correlation between
HU and C-VBQ score via Pearson’s correlation test (r=-
0.458, P<0.001; Fig. 5).

Discussion

ACCEF is one of the most effective treatment modali-
ties for degenerative cervical spine disease [23]. Using
cages is a primary technique for maintaining the height
of the fused sector, preventing neuroforaminal narrow-
ing, and accelerating osseous integration. However, cage
subsidence is one of the most common hardware-related
complications in the postoperative period; it can cause
a decrease in height in fused segments and lead to seri-
ous complications such as nonunion, kyphosis, and
screw breakage [6]. Cage subsidence is defined differ-
ently by various researchers; It can range from a loss of
1-4 mm or >10% in postoperative fused segment height
[9]. ACCEF results in greater cage subsidence than ACDF
due to the larger cage sizes and surgical resection areas.
Studies show that subsidence ranges from 9 to 80% [5, 6,
8, 9]. Bone mineral density (BMD) is considered to be an
essential factor affecting postoperative cage subsidence;
therefore, tests, including dual-energy X-ray (DEXA),
quantitative CT (QCT), and Hounsfield units (HU), are
often used to assess vertebral bone quality preopera-
tively. The C-VBQ score, proposed by Soliman et al. [16]
based on cervical MRI, has the advantages of being easy
to obtain and not requiring radiation, confirming the
validity of its application in ACDF. However, the C-VBQ
measurement method can still be optimized and adapted
appropriately, and its application range still needs to be
proven by additional research. To the best of our knowl-
edge, the C-VBQ score has not yet been applied in ACCF
surgery, where subsidence is more significant.

In this study, we optimized the C-VBQ score and con-
firmed that it can independently predict cage subsidence
in ACCF surgery; moreover, we propose a new method
for measuring cage subsidence, which avoids errors
caused by differences in imaging image scales and equip-
ment. This method has a wide range of applications.
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Fig. 4 Receiver operating characteristic curve for multivariate model
using C-VBQ score as a predictor of cage subsidence after ACCF. Sensitivity
and specificity are represented as percentages. AUC, area under the curve

Table 3 Univariate Linear Regression Analysis for Association
between Patient-Related Variables and vertebral bone quality
score

Variable B Standard error P-value
Men 0.019 0.183 0.860
Age 0.262 0.007 0.012
BMI" 0.099 0.021 0.065
Smoking 0.186 0.172 0.075
Hypertension 0.052 0.212 0.619
Diabetes -0.181 0.252 0.084
Charlson score” 0.036 0.042 0.737
Operation levels 0.072 0.125 0.497
Blood loss -0.033 0.001 0.753
Cage type 0.008 0.172 0.943

BMI, body mass index; Charlson score, Charlson Comorbidity Index score

Previous research on ACCF cage subsidence

Based on the findings of previous studies, several fac-
tors, such as age, cage material, and surgical segment, can
affect cage subsidence after ACCF [24]. Osteoporosis is
well recognized as one of the factors affecting cage sub-
sidence [25-27]. In our study, only age was significantly
different between the two groups, except for C-VBQ and
HU; however, consistent with the findings of Wang et al.
[24], age was not an independent risk factor for predict-
ing subsidence. The reason for this difference may be
that older people often have a lower bone density, and
it is not surprising that such discrepancies arise. No sig-
nificant differences were observed in cage material or
surgical segments between the two groups in our study,
despite previous research suggesting their importance
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Fig. 5 The graph shows a significant negative correlation between Houn-
sfield units and C-VBQ scores (r=-0.458, P=<0.001). CT, computed tomog-
raphy; C-VBQ, cervical bone mass

in subsidence [28]. This non-significant difference may
have stemmed from adjustments in the measurement
methods.

The current gold standard for evaluating bone den-
sity is DEXA, which most often measures the lumbar
spine and hip joints and does not directly reflect cervical
spine bone density. Moreover, DEXA is often affected by
abdominal aortic calcification, bone degeneration, frac-
ture or osteophyte formation [29]. Therefore, the use of
DEXA in the cervical spine is limited.

Quantitative computed tomography (QCT) is an alter-
native technique for assessing bone mineral density.
Unlike DEXA T-scores, QCT results are considered more
dependable due to their ability to mitigate superimposi-
tion effects that can impede DEXA measurements [30,
31]. However, the exorbitant expense and excessive radia-
tion dosage have hindered the broad application of QCT
in clinical settings [32].

In contrast, measurements of vertebral HU values
based on conventional CT images are now more widely
used. Lee et al. [15] discovered that the vertebral HU
value provides a reliable means of assessing bone density
in the cervical spine with good accuracy. Similarly, Wang
et al. [33] reported that cage subsidence in single-level
ACDF is associated with lower preoperative HU values in
the vertebra. Additionally, another study revealed a sig-
nificant correlation between cervical HU values and lum-
bar BMD values [34].

Vertebral bone quality score

In 2020, Ehresman et al. [17] introduced the VBQ score
based on T1-weighted MRI. This study confirmed the
correlation of VBQ score with the DEXA T-score and its
clinical value in predicting lumbar osteoporosis patients.
Unlike the M-score proposed by Bandirali et al. [35],
which depends on the signal-to-noise ratio, the VBQ
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score includes CSF signal intensity to adjust for base-
line signal differences between devices, giving it a wider
range of applicability. Based on these result, additional
authors have further investigated the clinical application
of the VBQ score [16, 33, 34]. Subsequently, Salzmann et
al. [36]. demonstrated a substantial correlation between
the VBQ score and quantified CT measurements. The
diagnostic accuracy for osteoporosis was 70.8%. The
application of the VBQ score is not limited to the lum-
bar spine. Soliman et al. [16]. proposed the C-VBQ score
and demonstrated its good application in ACDF surgery.
However, this new measurement method can still be fur-
ther optimized, and its validity for application in ACCF
surgery, which has a higher cage subsidence rate, has yet
to be demonstrated. The VBQ score assumes that osteo-
porosis causes fat infiltration and adipocyte replacement,
resulting in increased T1-signal intensity in trabecular
bone; however, fat infiltration and partitioning in verte-
bral trabeculae are not always homogeneous, and smaller
circular regions of interest may exclude important infor-
mation leading to errors [37]. Therefore, the delinea-
tion of the ROIs on the vertebral body should, as much
as possible, include areas of trabecular bone and exclude
cortical bone, abnormal subchondral alterations, focal
lesions (e.g., hemangiomas) and the posterior venous
plexus. In addition, the C-VBQ score includes a region of
interest is placed in the anterior region of the spinal cord
at the C2 vertebral level. However, in many patients, we
find that this region is often too narrow and is affected
by the posterior longitudinal ligament and the emanating
nerve roots. Therefore, we suggest the addition of an ROI
in the CSF posterior to the spinal cord at the C2 verte-
bral level, which is more spacious and less susceptible to
interference by ligaments and nerve roots. We used the
optimized C-VBQ score in ACCF surgery and demon-
strated that it can independently predict cage subsidence
after ACCF surgery. Although the C-VBQ score may still
be affected by pathological changes in the cervical verte-
bral bodies such as tumours, infections, and so on, which
may limit its use in patients with tumours, infections, or
trauma, Since cervical MRI is routinely required prior to
performing ACCF surgery and the limited use of DEXA
T-scores in the cervical spine, the C-VBQ score is still a
promising measure of cervical bone quality that is also
free of radiation. The C-VBQ score is an effective com-
plementary or alternative method for assessing cervical
bone quality. The simple and convenient measurement
method can help surgeons quickly determine the patient
bone quality.

Improved subsidence measurement methods

Previous studies have not standardized the measurement
methods or the subsidence cut-off values [12]. It is pos-
sible that differences in imaging instrumentation and
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potentially unavoidable image scale errors may have con-
tributed to this discrepancy. Two-dimensional radiog-
raphy is usually uncalibrated, so the height of the fused
segments depends on the angles and distances among the
radiation-emitting source, the patient and the detector.
Although modern image assessment tools can be used
to circumvent this error to some extent, more accurate
measurements are not possible without the simultane-
ous presence of a reference line. For accuracy, it is rec-
ommended to divide the height of the fused segment by
the height of the nonoperated vertebral body because its
height remains relatively unchanged. (Formula 2; Fig. 2).
Theoretically, we can circumvent the errors associated
with the image calibration problem by using a propor-
tionality relationship to evaluate cage subsidence. Wang
et al. [24] concluded that defining the cut-off value for
subsidence as 2 mm produces the largest error; therefore,
we defined the presence of subsidence as a relative sub-
sidence height>3 obtained through Formula 2. This new
method was applied in this study with good results. We
believe that this measurement method provides more
stable results and has a wider range of applicability.

Limitations

Although our results showed that the C-VBQ score was
an independent predictor of postoperative cage sub-
sidence after ACCF according to multifactorial logis-
tic regression and was strongly correlated with CT-HU
values, the limited sample size remains a nonnegligible
problem in our study. Second, the retrospective nature
of this study based on a single center limits the represen-
tativeness of our findings. Third, CT-HU is not the gold
standard for evaluating bone quality, and DEXA is still
needed to evaluate the effectiveness of the C-VBQ score.
Therefore, studies with larger sample sizes are needed
to validate the use of the C-VBQ score in other cervical
spine surgeries and the correlation between C-VBQ and
DEXA T scores. Finally, as a new subsidence measure-
ment method, additional research is needed to verify the
stability of this method and to establish a uniform stan-
dard for evaluating subsidence. Furthermore, additional
research is needed to evaluate the potential advantages of
optimized C-VBQ score measurements and the extent to
which pathological changes associated with the vertebral
bodies affect C-VBQ scores.

Conclusion

After optimization, the C-VBQ score was significantly
correlated with cage subsidence following ACCF surgery.
Additionally, it demonstrated a negative correlation with
HU values. The C-VBQ score is a promising tool. In addi-
tion, a C-VBQ score>2.71 suggested that the vertebral
body was of poor quality. By adding the measurement of
non-operated segmental vertebral heights as a control

Page 7 of 8

standard, the assessment of cage subsidence can exclude
the differences caused by different equipment and image
scales, which can help establish a uniform standard for
judging subsidence.

Abbreviations

C-VBQ  Cervical vertebral bone quality
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cT Computed tomography

ACDF Anterior cervical discectomy and fusion
MRI Magnetic Resonance Imaging
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