Clinical Interventions in Aging

Dove

ORIGINAL RESEARCH

Osteoporosis and Endplate Damage Correlation
Using a Combined Approach of Hounsfield Unit
Values and Total Endplate Scores: A Retrospective
Cross-Sectional Study

Chenyang Zhuang"*
Zixiang Wang'*

Weisin Chen'

Bo Tian'

Juan Li'?

Hong Lin'"?

'Department of Orthopedics, Zhongshan
Hospital, Fudan University, Shanghai,
People’s Republic of China; 2Department
of Orthopedics, Shanghai Geriatrics

Center, Fudan University, Shanghai,
People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Juan Li

Department of Orthopedics, Zhongshan
Hospital, Fudan University, No. 180
Fenglin Road, Shanghai, 200032, People’s
Republic of China

Tel/Fax +86 21 6404 1990

Email li_juan1983@outlook.com

Hong Lin

Department of Orthopedics, Shanghai
Geriatrics Center, Fudan University,
No. 2560 Chunshen Road, Shanghai,
201 104, People’s Republic of China
Email lin.hong| @zs-hospital.sh.cn

Purpose: Osteoporosis and endplate damage, two primary orthopedic disorders that have adverse
effects on the quality of life of older adults, may have some previously unknown relationship. The
purpose of this study was to determine the potential association between osteoporosis and endplate
damage with two specific imaging scoring systems and analyze the underlying mechanisms.
Patients and Methods: A cross-sectional study including 156 patients with degenerative
disc disease (DDD) who visited our department in 2018 was performed. Data including age,
sex, body mass index, Hounsfield unit (HU) values utilizing computed tomography (CT), and
total endplate scores (TEPSs) using magnetic resonance imaging (MRI) of all patients were
retrospectively collected and analyzed. The average HU value and TEPS of L1-L4 were used
to represent the degrees of bone mineral density (BMD) and endplate damage, respectively.
Patients with an HU value < 110 were defined as having osteoporosis and placed in the low-
BMD group; otherwise, they were placed in the normal-BMD group. Multivariate logistic
regression models were used to determine the independent factors of endplate damage.
Results: The TEPSs in the low-BMD group were significantly higher (6.4 + 1.6 vs 5.0 £ 0.9,
p < 0.001) overall and in every segment of L1-L4 (p < 0.01). A significant negative
correlation was found between TEPS and HU values (p < 0.001). The HU value (odds
ratio [OR] 0.221; 95% confidence interval [CI], 0.148-0.295, p < 0.001), age (OR 0.047;
95% CI, 0.029-0.224, p < 0.001), and BMD (OR 3.796; 95% CI, 2.11-7.382, p < 0.05) were
independent factors influencing endplate damage.

Conclusion: A significantly positive correlation was observed between osteoporosis and
endplate damage, indicating the requirement for a more comprehensive therapeutic regimen
for treating patients with DDD complicated with osteoporosis.

Keywords: degenerative disc diseases, bone mineral density, computed tomography,

magnetic resonance imaging

Introduction

Osteoporosis and degenerative disc diseases (DDD) are common aging-related dis-
eases in the world. In China, the prevalence of osteoporosis in people aged over 50
years is 20% in women and 14% in men.' It was also estimated that approximately
12.3 million people older than 50 years in the US would face the threat of osteoporosis
by 2020.> Meanwhile, the incidence of DDD has also increased in the recent years,
affecting 50-90% of people over 70 years of age, according to several reports.>™
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The vertebral endplate is a thin bilayer between the
vertebrae and the intervertebral disc, playing an important
role in the nutrition supply and stress conduction of the
intervertebral disc.® Damage to endplates is a typical man-
ifestation of DDD in addition to direct disc abnormality.”
Osteoporosis and endplate damage are proven risk factors
for long-term low back pain, vertebral fractures, and some
postoperative complications, which may induce a higher
rate of disability and mortality among older adults.* '
However, only a few studies have been conducted to
determine the relationship between these conditions.
Based on animal model studies, some researchers
hypothesized that osteoporosis may cause further dete-
rioration of endplates.'’ Although there was a lack of
appropriate methods for defining osteoporosis and end-
plate damage in patients with DDD, their relationship
remains elusive. Hence, the exact association between
osteoporosis and endplate damage is worth investigating
in depth.

Dual-energy X-ray absorptiometry (DXA) is the most
widely used method for screening and diagnosing osteo-
porosis, and the measurement of the bone mineral density
(BMD) of axial bones employing DXA, with the output as
the T-score, is recommended.'?> However, conditions such
as vertebral hyperplasia, small joint sclerosis, scoliosis,
osteophytes, and pannus formation can cause mismeasure-
ment with DXA in patients with DDD, as confirmed by
many studies.'>'* Recently, an alternative method to assess
the BMD of patients with DDD using Hounsfield unit (HU)
values by computed tomography (CT) was introduced and
recommended by many experts.'>'® Zou et al found that CT
HU values could be used as a complementary method to
identify undiagnosed spinal osteoporosis, which was easily
underestimated in patients with lumbar degenerative
diseases.'® Previously, Rajasekaran et al classified end-
plates into six types (types 1-6) according to the severity
of their damage, assessed on T1-weighted magnetic reso-
nance imaging (MRI) scans, which revealed a strong corre-
lation with DDD.'” A total endplate score (TEPS), obtained
by summing the cranial and caudal endplate scores of
a single disc, was recommended to evaluate endplate
damage, which plays a crucial role in precipitating DDD.

The purpose of this study was to determine the rela-
tionship between osteoporosis and endplate damage using
the scoring systems mentioned above and to investigate
the evidence for treating DDD accompanied with osteo-
porosis more comprehensively and effectively.

Materials and Methods
Study Design

This study was a retrospective cross-sectional analysis
based on radiological data from a single center.

Patient Selection

PASS version 15.0 (NCSS, Kaysville, UT, USA) was used
to calculate sample size, which showed a required sample
size of more than 29 samples in each group. An analysis of
all hospitalized patients in the Department of Orthopedics in
our hospital from January 2018 to December 2018 was
performed. The inclusion criteria were patients aged
between 45 and 85 years; diagnosis of DDD including
degenerative lumbar spinal stenosis, lumbar disc herniation,
and degenerative lumbar spondylolisthesis; and patients who
had undergone both lumbar MRI and three-dimensional CT
within a month in our hospital before surgery. The exclusion
criteria were a history of spinal surgery; the use of anti-
osteoporotic drugs, glucocorticoids or other medications that
affect bone metabolism; those who had vertebral fractures,
tumors, tuberculosis, or other infectious diseases. The indi-
cations for surgery of DDD are moderate and severe nerve
compression symptoms (with or without low back pain);
progressive walking restriction; progressive loss of neurolo-
gical function; symptoms of cauda equina, and failed con-
servative treatment for 4-6 weeks.'® Demographic data such
as sex, age, weight, and body mass index (BMI) were
recorded. We confirmed that all involved patients gave
their written and verbal informed consent prior to study
inclusion, which was approved by the institutional ethical
committee and all the data was anonymized and confidential.
This study’s protocol was approved by the institutional
ethical committee of Zhongshan Hospital (B2021-388) and
was performed according to the principles of the Declaration
of Helsinki of 1975.

Assessment of Lumbar BMD

All patients underwent three-dimensional lumbar CT at our
hospital (320-row computed tomography, Aquilion One, tube
voltage 120 kV; Canon Medical Systems, Japan), and images
of the lumbar spine were reviewed using the picture archiv-
ing and communication system (PACS). The upper, middle,
and lower axial planes of each vertebral body were selected
and placed in an oval region of interest (ROI) by two authors
(CZ and ZW). The ROI was selected such that it included as
much trabecular bone as possible and excluded cortical bone,
the posterior venous plexus, or bone islands (Figure 1). The
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Figure |1 Example of measurement of Hounsfield unit (HU) values by computed tomography. An oval region of interest is placed over the (A) upper, (B) middle, and (C)
lower axial planes of the vertebral body, and the HU value is automatically calculated by picture archiving and communication system.

average HU value of L1-1.4 was automatically calculated by
PACS and was used to represent the bone mineral density.
The threshold HU value for osteoporosis with high sensitiv-
ity and specificity was determined to be 110 according to the

. . . 1 19
optimum cut-off value from previous studies.'®'

Grading of Endplate Damage

MRI scans (Magnetic Resonance Imaging System, Aera,
1.5T, Siemens, Germany) were performed on every
patient, and the endplates were evaluated on T1-weighted
images and were classified into six types according to the
method of the previous studies by two authors (CZ and
ZW) (Figure 2). The two investigators were blinded to
each other and the patients’ other data. A TEPS was
added with both endplate scores of every disc, and an
average TEPS of L1-L4 was achieved to represent the
endplate damage of each patient.

Statistical Analysis

The SPSS Statistics version 21.0 package (IBM Corp.,
Armonk, NY, USA) was used for data analysis. The inde-
pendent samples Student’s #-test was applied for continu-
ous variables. A chi-squared test was applied for
categorical data analysis. Analysis of variance (ANOVA)
and binary linear regression were used to compare the
correlation between CT HU values and TEPS. Univariate
and multivariate logistic regression analyses were utilized
to verify the independence of outcomes, and p < 0.05 was

regarded as a significant difference.

Results
The demographic characteristics of the 156 patients
included in this study are summarized in Table 1. The
average HU value and TEPS were 120.4 and 5.3,
respectively.
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Figure 2 Example of the endplate scoring system: (A) grade |: normal endplate without breaks or defects; (B) grade 2: focal thinning without endplate breaks or defects;
(C) grade 3: focal disc marrow contacts with the normal endplate contour maintained; (D) grade 4: defect or damage to up to 25% of the total endplate area; (E) grade 5:
defect or damage to up to 50% of the total endplate area; (F) grade 6: complete damage of the endplate area.

The patients were divided into low- and normal-BMD
groups according to their average HU values. Comparisons
of TEPS and other data between the two groups are illu-
strated in Table 2. We found significant age differences (68.8
+ 8.7 years vs 57.4 £ 12.8 years, p < 0.001), sex (Male/
Female) (29/51 vs 50/26, p < 0.001), body mass index (BMI)
(24.7+£3.8 vs 252 +2.9, p <0.05), and TEPS (6.4 £ 1.6 vs
5.0£0.9, p <0.001) with ANOVA analysis, and except for
BMI, the remaining three indicators were independent influ-
encing factors of low bone mineral density according to the
logistic regression analysis (p < 0.001).

We then compared the TEPSs of the two groups in
every segment, and as presented in Figure 3, all TEPSs
were significantly higher in the low-BMD group than in
the normal-BMD group in L1/2-L4/5 (p < 0.01). The
correlations between TEPS and HU values were signifi-
cantly negative (p < 0.001), as revealed by scatter plots
and analyzed with linear regression (Figure 4).

To further determine the relationship between lumbar ver-
tebral bone mineral density and endplate damage, we analyzed
the correlation between TEPS and indicators including age,
sex, HU value, BMI, and BMD applying univariate and
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Table | General Information

Characteristics All (n=156)
Age(years) 63.2 = 12.2 (45-85)
Sex
Female 77
Male 79
Height (cm) 1649 £ 7.9
Weight (kg) 68.0+ 11.5
BMI (kg/m2) 249 + 34
HU value 120.4 + 48.7
Total endplate score 53% 15

Notes: Values are presented as mean * standard deviation.
Abbreviations: BMI, body mass index; HU, Hounsfield unit.

multivariate logistic regression, which are presented in
Table 3. After excluding other confounding factors, HU
value (OR 0.221; 95% ClI, 0.148-0.295, p < 0.001), age (OR
0.047; 95% CI, 0.029-0.224, p < 0.001), and BMD (OR
3.796; 95% CI, 2.11-7.382, p < 0.05) were found to be
independent factors influencing endplate damage.

Discussion

Cartilaginous endplates, a type of hyaline cartilage, are
thin horizontal structures that interface with the interver-
tebral disc and the vertebral body. Similar to the articular
cartilage that also belongs to hyaline cartilage family, the
cartilaginous endplate mainly comprises collagen II and
aggrecan and has the characteristics of high tensile
strength and elasticity.”® The endplate plays an important
role in the nutrient supply and metabolite exchange of
indicated that
reduced nutrient supply and accumulation of metabolic

the intervertebral disc. Horner et al

products can lead to apoptosis of nucleus pulposus cells
and promote disc degeneration.”! Rade et al also indi-
cated that endplate damage is the initiating factor for

disc  degeneration.” The relationship  between

osteoporosis and articular cartilage has been studied by
many researchers. Calvo et al and Bertuglia et al stated
that osteoporosis increased the severity of damage in the
cartilage and verified the same with animal models, with
similar results as those of a cross-sectional study by
Carl1 et al.?*** Although the cartilaginous endplate and
the articular cartilage have many specific characteristics
in common, only a few studies have reported the poten-
tial bond between endplate damage and osteoporosis.
Ding et al hypothesized a significant association between
osteoporosis and vertebral cartilaginous endplate lesions,
verifying it with an ovariectomy rat model."'
Nevertheless, further clinical evidence in humans was
required to confirm the hypothesis.

Osteoporosis is quite common among patients with
lumbar fusion in lumbar degenerative diseases, and it has
been indicated that the prevalence of DDD combined
with osteoporosis is relatively high among older
adults.®> Moreover, as a metabolic osteopathy, osteo-
porosis is not exclusively prevalent in the elderly.?®
Thus, timely screening and recognition of patients with
DDD and osteoporosis are crucial for clinicians to select
optimal treatment schemes. However, the exact relation-
ship between these two typical abnormalities remains
controversial. Many studies have focused on the correla-
vertebral  disc

between and

27-31

tion osteoporosis

degeneration. Surprisingly, opposing results have
been reported by different studies. Salo et al and Wang
et al reported that lower lumbar spine BMD was asso-
ciated with less severe disc degeneration.?*=° In contrast,
Harada et al and Grams et al reached a common conclu-
sion on the inverse correlation between bone mass and
vertebral disc degeneration.?’*® Furthermore, some stu-
dies have confirmed no association between these two
pathological indicators.>'

One possible reason for the difference in results is
methodological heterogeneity. DXA is the most common
and practical tool chosen by many surgeons to evaluate
and identify osteoporosis in patients. However, we could

Table 2 Comparison of Patient Data Between the Low- and Normal-BMD Groups

Demographics Low-BMD Group (N=80) Normal-BMD Group (N=76) p Value® p Value®
Age (years) 68.8+8.7 57.4+12.8 <0.001 <0.001
Sex (male/female) 29:51 50:26 <0.001 <0.001
BMI (kg/m2) 247+3.8 25.2%2.9 <0.05 0.714
Total endplate score 6.4x1.6 5.0+£0.9 <0.001 <0.001
Notes: *Univariate analysis of variance, "Multivariate logistic regressions.
Abbreviations: BMD, bone mineral density; BMI, body mass index.
Clinical Interventions in Aging 2021:16 https: 1279
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Figure 3 Comparison of the total endplate scores between the normal- and low-BMD groups in every segment in LI/2-L4/5.
Note: **p-value < 0.01.
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Figure 4 Linear correlation (black line) between the Hounsfield unit (HU) values and total endplate scores (TEPS), and the correlation coefficient (R?). Significant
correlation coefficients are marked with an asterisk.

not obtain satisfactory results utilizing DXA while treating  was introduced as a reliable method of assessing the bone
patients with degenerative diseases, which was confirmed quality with trabecular BMD instead of areal BMD mea-
by many previous studies.'*'*3*** Quantitative CT (QCT) sured by DXA.** However, it cannot be performed
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Table 3 Univariate and Multivariate Associations of the Total Endplate Scores with the HU Value and Other Variables Considered

Characteristics Univariate Association® Multivariate Association®
OR (95% CI) p value OR (95% CI) p value

Age 0.121 (0.071-0.372) <0.001 0.047 (0.029-0.224) <0.001
Sex

Male Reference — Reference —

Female 0.701 (0.41-0.97) <0.001 0.989 (0.95-1.641) 0.601
HU value 0.622 (0.510-0.923) <0.001 0.221 (0.148-0.295) <0.001
BMI (kg/m2) 0.221 (0.102-0.491) 0.112 0.037 (0.129-0.203) 0.662
BMD

Low Reference — Reference —

Normal 5.102 (2.339-7.901) 0.027 3.796 (2.11-7.382) 0.038

Notes: *Univariate logistic regressions, "Multivariate logistic regressions.

Abbreviations: HU, Hounsfield unit; OR, odds ratio; 95% Cl, 95% confidence interval; BMI, body mass index; BMD, bone mineral density.

routinely in most hospitals due to patients’ unwillingness
to undergo additional examinations. Zou et al introduced
the HU system as a practical measurement tool utilizing
lumbar CT to evaluate bone mineral density in patients
with DDD without any extra cost.'"® Many studies have
also demonstrated a strong positive correlation between
the HU value and BMD, with excellent inter-and intra-
rater reliability.'>*> Meanwhile, the TEPS system, intro-
duced by Rajasekaran et al, was also widely accepted by
clinicians for its higher correlation with the incidence of
DDD . 10:36

We present the first clinical evidence of the association
between osteoporosis and endplate damage with clinical
and radiological data employing universally accepted
methods. Our study gathered cross-sectional data and rig-
orously analyzed the HU values and TEPS applying uni-
We
a significant negative correlation between these two fac-

variate and multivariate regression. observed
tors in our patients with DDD, indicating a relationship
between osteoporosis and endplate damage. Our clinical
findings corroborate the results of the animal model stu-
dies mentioned above.

Considering surgical complications related to osteoporo-
sis, such as delayed lumbar fusion, loss of reduction, cage

subsidence, and screw 1oosening,8’37’38

it is of great signifi-
cance for surgeons to recognize and manage patients with
osteoporosis appropriately before performing surgeries.
Previous studies have found that some anti-osteoporosis
drugs, such as alendronate sodium, zoledronate, and denosu-
mab, could slow lumbar disc degeneration.>® Our clinical

studies also support the theory that osteoporosis patients are

more likely to experience endplate damage and even DDD
associated with lower BMD. This serves as an indication for
anti-osteoporosis treatment in the perioperative period in
patients with DDD. Furthermore, our study proposed that
the metabolic relevance of endplate damage and osteoporosis
might serve as a promising quantifiable benchmark for future
pharmacological randomized controlled studies.*’

We also attempted to explain the underlying mechan-
ism that accounts for the correlation between osteoporosis
and endplate damage. Osteoclasts are one of the major
cells that regulate bone mass, and chondrocytes are
known to be important components of cartilaginous end-
plates. Park et al demonstrated that blocking osteoclast-
associated receptors reduced articular cartilage destruction
via regulation of chondrocyte apoptosis.*' Xiao et al
observed a significant increase in osteoclasts in the end-
plate based on an ovariectomy mouse model.** Thus, we
hypothesized that a close connection between osteoclasts
and endplate chondrocytes exists due to the high structural
and functional similarity of the cartilaginous endplate and
the articular cartilage. Further experiments and longitudi-
nal studies are required to confirm this hypothesis.

There were some limitations to this study. The factors
investigated in this study were purely radiological and subjec-
tively measured. Although they were gathered and calculated
by
a possibility. Furthermore, direct comparisons between DXA

experienced doctors, measurement bias remains
and CT HU values were not performed because DXA mea-
surements were not available for the majority of patients with
DDD, as outlined above. Furthermore, the cross-sectional

nature of this study limited our ability to define the causality
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between the two abnormalities. However, it was possible to
confirm the mutual interaction between osteoporosis and end-
plate damage.

Conclusion

Our cross-sectional study on human subjects demonstrates
the first clinical evidence of a significant positive correla-
tion between osteoporosis and endplate damage. More
careful consideration by clinicians, a detailed diagnosis,
and comprehensive treatment plan are recommended when
treating patients with DDD or osteoporosis-related

complications.
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