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Hounsfield unit for assessing
bone mineral density distribution
within lumbar vertebrae and its
clinical values
Jiabao Chen1†, Yanhong Li2†, Han Zheng1, Haotian Li1,
Haidong Wang1* and Lei Ma1*

1Department of Spinal Surgery, The Third Hospital of Hebei Medical University, Shijiazhuang, China,
2Department of Internal Medical, Hebei Medical University, Shijiazhuang, China
Study Design: Retrospective radiological analysis.

Objective: The aim of this study is to evaluate the distribution of bone mineral

density (BMD) in lumbar vertebrae using the Hounsfield unit (HU) measurement

method and investigate the clinical implications of HU values for assessing

lumbar vertebrae BMD.

Method: Two hundred and ninety-six patients were retrospectively reviewed and

divided into six groups according to age: Group 1(20–29 years old), Group 2 (30–

39 years old), Group 3 (40–49 years old), Group 4 (50–59 years old), Group 5

(60–69 years old), Group 6 (70–79 years old). Six different locations from each

vertebra of L1-L5 were selected as regions of interest: the anterior, middle and

posterior parts of the upper and lower slices of the vertebrae. HU values were

measured for the six regions of interest, followed by statistical analysis.

Results: The HU values of vertebrae showed a decreasing trend from young

patients to elderly patients in Group 1 to Group 5. There was no significant

difference in HU values among different vertebrae in the same age group. In all

age groups, the HU values of the anterior and posterior part of the vertebral body

were significantly different from L1 to L3, with the anterior part of the vertebral

body having lower HU values than the posterior part. The HU values of the

anterior and posterior part of the vertebral body of L4 and L5 were statistically

significant only in Group 5 and Group 6, and the HU values of the anterior part of

the vertebral body were lower than those of the posterior part. The HU values of

posterior part of L4 and L5 in Group6 were higher than those in Group5.

Conclusion: Bone mineral density in the lumbar vertebrae is not uniformly

distributed, potentially attributed to varying stress stimuli. The assessment of local

HU values in the lumbar spine is of significant importance for surgical treatment.
KEYWORDS

Hounsfield unit, bone mineral density distribution, lumbar vertebrae, osteoporosis,
osteoporotic vertebral compression fractures, lumbar surgery
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Introduction

Osteoporosis is a systemic bone disease due to a variety of

causes (1). It is indicated by a decrease in bone density and mass,

destruction of bone microstructure, and increased bone fragility. In

recent years, the measurement of Hounsfield units (HU) by

computed tomography (CT) has been recognized as a useful

technique for assessing bone quality (2–6). The correlation

between the CT HU value and bone mineral density (BMD) and

compressive strength has been demonstrated, and the HU value can

represent the BMD of the vertebra (7). HU values have been widely

used in osteoporosis assessment with the advantage of providing

BMD data within the vertebrae. Clinically, HU values can be easily

obtained from CT scans without increasing patient costs.

Several studies have suggested the value of HU values in the

assessment of spinal mineral density. Zou Da et al. proposed that

the CT HU value of L1–4 corresponding to L1 ≤ 110, L2 ≤ 100, L3 ≤

85 or L4 ≤ 80, respectively, could be diagnosed as osteoporosis (8).

At present, the average HU value of lumbar spine has been widely

used in clinical practice, such as predicting osteoporotic vertebral

compression fractures and predicting cage subsidence (9–11). On

this basis, we found that the BMD of the spine was not uniformly

distributed. For example, in patients with osteoporosis, osteoporotic

vertebral compression fractures (OVCFs) are more likely to occur in

the anterior and middle part of the vertebral body. In addition, we

found that a subset of patients with Dual-energy X-ray

absorptiometry (DXA) indicating low bone density still had hard

bone in the posterior vertebral structure.The structure of the

vertebrae is complex and the bone density of the vertebrae is not

uniformly distributed. Current methods can only describe the

overall BMD of the lumbar spine and still have some limitations

in clinical practice. Therefore, we believe that the assessment of the

lumbar BMD should be refined.

This study improved the measurement method of CT HU value

of lumbar spine. HU values for multiple regions of interest were

collected to explore the BMD distribution of lumbar spinal. The

objectives of this study were: firstly, to explore the characteristics of

cancellous BMD distribution in lumbar vertebrae based on CT HU

measurements; and secondly, to investigate the clinical application

of CT HU value of lumbar spine.
Methods

Subjects

This study was approved by the Institutional Review Board of

our hospital.

Inclusion criteria: 1. Patients admitted to our hospital with

degenerative lumbar disease, such as lumbar disc degeneration,

lumbar disc herniation, and lumbar spinal stenosis. 2. Full lumbar

anteroposterior and lateral X-rays, lumbar CT and lumbar MRI

were available for measurement. 3. Age between 20 and 79 years old.

Exclusion criteria: 1. Spinal instability, lumbar spondylolisthesis,

previous lumbar surgery. 2. Spinal deformity and scoliosis, sagittal
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or coronal spinal disequilibrium. 3. Tuberculosis, tumor, fracture,

inflammation, infection and other bone abnormalities. 4. Ankylosing

spondylitis. 5. Long-term use of glucocorticoids.

By retrieving the medical records from January 2021 to June

2023 in our hospital, 296 patients who met both the inclusion and

exclusion criteria were retrospectively reviewed, they were divided

into six groups according to age: Group 1 (20–29 years old), Group

2 (30–39 years old), Group 3 (40–49 years old), Group 4 (50–59

years old), Group 5 (60–69 years old), Group 6 (70–79 years old).
Date collection and assessment

Demographic data of the patients, including gender, age,

BMI, were recorded. The imaging data were measured by two

spine surgeons with more than three years of experience in

imaging measurements.

The HU measurement for lumbar vertebra was obtained by

using a protocol described similar to Schreiber on CT examination

(2). All subjects were scanned with a 64 slice multi-detector CT

scanner (Siemens Sensation 64, Erlangen, Germany) according to

the following parameters: slice thickness 1.5 mm, distance 1.5 mm,

tube voltage 120 kV. HU measurements were obtained from PACS

(Picture Archiving and Communication Systems) Imaging System

for lumbar vertebra.

Two different axial slices were selected from each vertebra of L1-

L5: slice A was selected inferior to the upper endplate (upper 1/2

part of the vertebra), and slice B was selected superior to the lower

endplate (lower 1/2 part of the vertebra). At each axial slice, three

different locations were selected as regions of interest (ROI) for HU

measurements: the anterior part of the vertebral body, the middle

part of the vertebral body, and the posterior part of the vertebral

body. ROI was designed to include as much trabecular bone as

possible, avoiding cortical bone and heterogeneous areas such as the

posterior venous plexus and bone islands. (Figure 1) All imaging

parameters were measured by two independent observers, and the

average of the two measurements was collected. The average of the

HU values of the six ROI within the vertebrae was used as the HU

value of the vertebrae. The mean values of the anterior, middle, and

posterior parts of the A and B slices were used as the HU values of

the anterior, middle, and posterior parts of the vertebral body,

respectively, and the statistical analysis followed.
Statistical analysis

Data were analyzed using Statistical Product and Service

Solutions software (version 26; SPSS, Chicago, IL). Continuous

variables were recorded as mean ± standard deviation, and

categorical variables were expressed as frequency or percentages.

The interclass correlation coefficients (ICCs) were calculated to

assess interobserver reliability. Analysis of Variance (ANOVA) was

used to compare the HU value among multi-subgroups, and the

LSD method was used for pairwise comparisons between groups.

The statistical significance was set at p < 0.05.
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Results

Patient characteristics

A total of 296 patients, 148 males and 148 females, were enrolled

in the study. Included patients were grouped according to age: Group

1(20–29 years old, n=50), Group 2 (30–39 years old, n=47), Group 3

(40–49 years old, n=50), Group 4 (50–59 years old, n=50), Group 5

(60–69 years old, n=50), Group 6 (70–79 years old, n=49). There was

no significant difference in BMI among the groups (Table 1).
Consistency test

The inter-rater reliability of measurements obtained by two

spinal surgeons was assessed using the Interclass Correlation
Frontiers in Endocrinology 03
Coefficient (ICC), which exceeded 0.98 at each location (anterior,

middle, and posterior parts of the vertebral body) within the L1 to

L5 vertebrae across all age groups, indicating high agreement

between the data measured.
HU value within the lumbar vertebra
among age subgroups

Among the age groups, the HU values of the L1 to L5 vertebrae

showed a significant difference from Group 1 to Group 5, with a

decreasing trend. There was no significant difference in HU values

of L1-L5 between Group 5 and Group 6. Within each age group, L1

and L5 had higher HU values while L2, L3, and L4 had relatively

lower HU values, though these differences were not statistically

significant (Table 2).
TABLE 1 Comparison of general data among the six different age subgroups.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 p

Age 25.10 ± 3.03 35.45 ± 2.73 45.56 ± 2.98 54.86 ± 3.06 64.68 ± 3.20 73.94 ± 3.53 <0.001

BMI 26.75 ± 4.02 26.00 ± 4.31 25.01 ± 3.28 26.37 ± 3.63 25.80 ± 3.72 25.23 ± 3.99 0.195

No. 50 47 50 50 50 49 –

Man 25 24 25 25 25 24 –

Woman 25 23 25 25 25 25 –
FIGURE 1

Computed tomography scan illustrating the method of determining the HU value with use of an elliptical region of interest (ROI). The left image
shows the axial slices of interest on a sagittal slice of a computed tomography scan of the lumbar vertebra. Slice A was taken inferior to the superior
end plate, and slice B was taken superior to the inferior end plate. At each axial slice, three different locations were selected as ROI for HU
measurements: the anterior part of the vertebral body, the middle part of the vertebral body, and the posterior part of the vertebral body. Elliptical
ROI were drawn as large as possible, excluding cortical edges to prevent volume averaging. The right images show the HU values generated by the
imaging software program.
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In each age group, the HU values of the anterior and posterior

parts of L1, L2, and L3 were significantly different, with the

posterior part showing higher HU values. In Group 5 and Group

6, the HU values of the posterior part of L4 and L5 were higher than

the anterior part, with a statistically significant difference. However,

in Group 1 to Group 4, there was no significant difference in HU

values between the anterior, middle and posterior parts of the L4

and L5. In Group 1 and Group 2, the HU values in the anterior part

of the L5 were higher than the posterior part, but not statistically

significant (Table 3 and Figure 2).
Discussion

Osteoporosis is common in older individuals and

postmenopausal women, increasing their risk of fractures and

societal burden. Dual-energy X-ray absorptiometry (DXA) is a

widely used method for assessing bone mineral density (BMD),

with the World Health Organization (WHO) defining a T-score of

less than -2.5 as indicative of osteoporosis. However, there are

limitations to using DXA in assessing spinal BMD. As early as 2004,

Shigeyuki Muraki et al. proposed that degenerative lumbar spine

disease could lead to overestimation of lumbar bone density,

potentially masking osteoporosis in patients (12). DXA cannot

differentiate between cortical and cancellous bone and may be

influenced by osteophytes and calcifications.

Some studies have explored using CT HU values to measure

BMD, offering the advantage of separately assessing cortical and

cancellous bone without interference. However, the lumbar

vertebrae are different from the limb bones. Since the lumbar

vertebrae are required to perform multidimensional activities, the

load in the lumbar vertebrae is complex and the bone density is not

uniformly distributed throughout the vertebrae. The uneven

distribution of BMD in lumbar vertebrae is often overlooked in

clinical practice. Therefore, the application and measurement of

HU values need to be improved. In this study, the vertebral bodies

were divided into anterior, middle and posterior parts to reveal the

BMD characteristics of lumbar vertebrae.
Frontiers in Endocrinology 04
Characteristics of the distribution of HU
values in the lumbar vertebrae

In this study, we grouped the patients by age and found that the

HU values of the cancellous bones of the lumbar vertebrae gradually

decreased with age. This decrease in bone density begins in adults

around age 30 and peaks around age 50. This phenomenon is

consistent with the current study showing that bone loss occurs in

early adulthood after peak bone mass (PBM) is achieved at the

age of 20–30 years, with peak bone loss occurring during the

perimenopausal period (13, 14).

In all age groups, the HU values of the L1 and L5 vertebrae were

found to be higher than those of the L2, L3, and L4 vertebrae. While

this difference did not reach statistical significance, it was

consistently observed across all age groups. This phenomenon

may be attributed to the physiologic curvature of the lumbar

spine. The Delpech-Wolff law states that bone formation is

affected by mechanical stimuli. The distribution of pressure and

tension shapes the microstructure of the bone and facilitates bone

formation, thereby increasing its bone density, and vice versa. Due

to the presence of physiologic lordosis in the lumbar spine, the

pressure at L2, L3, and L4 is more skewed towards the posterior

column of the vertebrae, with less stress on the anterior part of the

vertebrae. Thus, the measurable HU values in L2, 3, and 4 are on the

low side.

This study revealed the distribution of BMD in the lumbar spine

by analyzing the HU values in anterior, middle, and posterior parts

of the vertebral body. We found that BMD is not evenly distributed

within the vertebrae in the lumbar spine. Specifically, HU values

were found to be significantly higher in the posterior part of the L1,

L2, and L3 vertebral bodies compared to the anterior part across all

age groups from 20 to 79 years. However, in L4 and L5, significant

differences in HU values between the anterior and posterior parts

were only observed after the age of 60, with the posterior part

having higher HU values.Before 40 years of age, the HU values in

the anterior and posterior parts of L4 were similar, and the HU

values in the anterior part of L5 were higher than the posterior

part. This may be related to the range of motion of the lumbar spine.
TABLE 2 HU values from L1 to L5 for six different age subgroups.

Group
1 (50)

Group
2 (47)

Group
3 (50)

Group
4 (50)

Group
5 (50)

Group
6 (49)

F p

L1 202.65 ± 32.48 188.97 ± 30.94a 168.31 ± 42.32ab 117.01 ± 33.47abc 93.99 ± 26.63abcd 96.56 ± 36.55abcd 97.728 <0.001

L2 197.23 ± 35.69 187.60 ± 34.27 164.14 ± 43.63ab 112.32 ± 38.82abc 90.58 ± 25.45abcd 86.31 ± 32.36abcd 95.349 <0.001

L3 199.69 + 36.98 184.86 ± 33.22a 159.87 ± 44.99ab 107.74 ± 36.35abc 88.19 ± 27.55abcd 85.84 ± 36.05abcd 94.383 <0.001

L4 200.60 ± 36.80 181.39 ± 36.49a 156.79 ± 44.12ab 109.35 ± 34.44abc 89.17 ± 28.90abcd 89.21 ± 40.79abcd 93.544 <0.001

L5 207.01 ± 40.13 186.83 ± 40.68a 161.22 ± 43.18ab 118.84 ± 36.31abc 98.57 ± 31.87abcd 99.06 ± 37.80abcd 72.021 <0.001

F 0.506 0.327 0.503 0.887 1.127 1.329

p 0.731 0.860 0.733 0.472 0.344 0.260
ap< 0.05 vs. the Group 1.
bp< 0.05 vs. the Group 2.
cp< 0.05 vs. the Group 3.
dp< 0.05 vs. the Group 4.
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L4-S1 has greater flexion-extension mobility than L1-L3. In young

people, the anterior parts of the L4 and L5 vertebrae may be more

stimulated by stress due to life and work factors, and bone

formation is more active. As age increases, people over 60 years

of age have less activity than younger people, and the anterior parts

of L4 and L5 are not sufficiently stimulated and bone formation

is attenuated.

In this study, an interesting phenomenon was found that the

HU values of L1, L4 and L5 in the 70–79 age group showed

abnormal increases compared with those in the 60–69 age group.

The same phenomenon was also found in Wanghui’s study on the

HU value of cervical vertebrae (15). The HU value of cervical

vertebrae over 70 years old was higher than that of those between 60

and 70 years old. The cause of this phenomenon is not clear.

Wanghui et al. suggest that the decline in HU value may reach a

critical value with age. In this study, the HU values of the lumbar

vertebrae were measured at the anterior, middle, and posterior

parts. The results showed that the HU values of the posterior part of
Frontiers in Endocrinology 05
L1, L4 and L5 vertebral body in Group 6 were higher than those in

Group 5, while the HU values of the anterior part were lower than

those in Group 5. We propose that bone loss reaches a relatively

stable state with aging, whereas bone remodeling is a lifelong

process (16). Bone formation remained active in areas with

greater stress, while bone loss continued to occur in less stressed

areas, even in older people.
Significance of lumbar HU values

Osteoporotic vertebral compression fractures
The occurrence of osteoporotic vertebral compression fractures

(OVCFs) is prevalent among the elderly population and can

significantly impact their quality of life. These fractures are

primarily attributed to a decline in BMD. OVCFs often occur at

the thoracolumbar junction due to the concentration of stress at this

site. In this study, by comparing the CT HU values of the anterior
TABLE 3 HU value distribution within lumbar vertebrae from L1 to L5.

L1 L2 L3 L4 L5

Group 1 (50)

Anterior 186.06 ± 33.08 181.17 ± 31.07 188.42 ± 38.35 200.83 ± 39.12 215.75 ± 46.67

Middle 203.58 ± 31.67a 199.19 ± 34.06a 200.36 ± 36.79 201.82 ± 37.34 205.90 ± 40.69

Posterior 218.31 ± 36.96ab 211.33 ± 45.32a 210.29 ± 43.05a 199.16 ± 44.57 199.37 ± 42.58

p <0.001 <0.001 0.024 0.946 0.168

Group 2 (47)

Anterior 171.36 ± 32.12 172.49 ± 31.93 170.56 ± 31.37 178.36 ± 38.25 192.76 ± 42.61

Middle 187.33 ± 30.80a 186.46 ± 33.62 183.24 ± 34.57 181.32 ± 35.41 186.95 ± 44.06

Posterior 208.23 ± 34.20ab 203.84 ± 42.75ab 200.79 ± 40.11ab 184.49 ± 42.05 180.78 ± 46.48

p <0.001 <0.001 <0.001 0.745 0.428

Group 3 (50)

Anterior 149.91 ± 41.59 146.92 ± 42.47 141.90 ± 43.04 149.33 ± 42.73 158.45 ± 45.82

Middle 166.42 ± 43.32 162.75 ± 40.64 160.18 ± 44.31 156.09 ± 43.49 162.47 ± 42.11

Posterior 188.61 ± 45.77ab 182.73 ± 50.81ab 177.52 ± 51.40a 164.94 ± 41.88 162.73 ± 49.86

p <0.001 0.001 0.001 0.242 0.873

Group 4 (50)

Anterior 101.82 ± 33.90 98.27 ± 39.16 96.85 ± 36.17 102.04 ± 33.85 117.32 ± 34.17

Middle 114.19 ± 33.24 109.45 ± 37.66 105.24 ± 36.38 109.52 ± 34.41 119.53 ± 37.10

Posterior 135.02 ± 38.99ab 129.23 ± 44.44ab 121.14 ± 41.15ab 116.49 ± 41.84 119.67 ± 44.76

p <0.001 0.001 0.006 0.150 0.944

Group 5 (50)

Anterior 80.57 ± 26.16 77.50 ± 28.36 77.56 ± 27.71 81.43 ± 32.27 92.51 ± 34.86

Middle 93.00 ± 29.53a 86.32 ± 25.68 81.78 ± 25.89 84.59 ± 27.91 94.12 ± 31.34

Posterior 108.39 ± 29.71ab 107.91 ± 29.32ab 105.23 ± 35.34ab 101.51 ± 33.26ab 109.07 ± 35.57ab

p <0.001 <0.001 <0.001 0.003 0.029

Group 6 (49)

Anterior 82.53 ± 37.73 72.32 ± 29.74 73.95 ± 34.22 76.40 ± 37.21 86.77 ± 35.75

Middle 92.72 ± 36.70 81.80 ± 31.70 79.47 ± 35.56 83.35 ± 40.77 95.03 ± 38.86

Posterior 114.44 ± 40.24ab 104.78 ± 39.76ab 104.09 ± 43.61ab 107.87 ± 47.83ab 115.38 ± 44.52ab

p <0.001 <0.001 <0.001 0.001 0.002
Values were expressed as the mean ± SD. Statistical analyses were conducted by one-way ANOVA, followed by LSD post hoc test.
ap < 0.05 vs. the Anterior part of vertebral body.
bp < 0.05 vs. the Middle part of vertebral body.
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and posterior parts of the lumbar vertebral body, it was found that

the BMD of the posterior part of the L1 and L2 was significantly

higher than that of the anterior part, and this pattern was consistent

across all age groups. As a result, the posterior part of the vertebral

body has a stronger compression resistance than the anterior part.

This explains why OVCFs are more likely to occur in the anterior

and middle parts of the vertebral body. OVCFs have been found to

be correlated with the CT HU value of vertebrae (9), and the

severity of vertebral compression is significantly correlated with the

HU value (17). We believe that the uneven distribution of bone

mineral density in vertebrae should be taken into account on the

basis of previous studies. The HU values of the anterior and middle

part of the vertebral body may be more valuable for the prediction

and evaluation of the OVCFs, and the critical values still need to be

further explored.

Cage position and cage migration
Lumbar interbody fusion (LIF) is a widely used surgery for the

treatment of degenerative lumbar diseases. Major complications of

LIF include cage migration, such as cage subsidence and cage

retropulsion (18). The risk factors of cage subsidence after LIF

included high BMI, low BMD and so on. At present, it has been

confirmed that the CT HU values of vertebrae are closely related to

cage subsidence (19). The HU value of the vertebrae has been

utilized for the prediction of cage subsidence following lumbar

surgery. In the group experiencing cage subsidence, the average HU

value of the L1–4 vertebrae is approximately 116 HU (20). However,

thus far, the uneven distribution of BMD in the lumbar vertebrae
Frontiers in Endocrinology 06
has not been taken into consideration by any scholars. According to

current research, positioning the cage in the anterior region of the

intervertebral disc spaces offers significant advantages, facilitating

lumbar lordosis restoration and preventing cage retropulsion (21,

22). However, this study found that the posterior part of the

vertebral body has higher BMD and stronger compression

resistance than the anterior part. The mean CT HU value of the

posterior part of the vertebral body in individuals aged over 70 years

was observed to be more than 30 HU higher compared to that of the

anterior part. We believe that the local HU value is instructive for

the cage position. For special cases, such as very low BMD in the

anterior part of the vertebral body, cage should be avoided in the

anterior part of the disc space.

Pedicle screw loosening
Pedicle screw fixation is the current standard technique for the

treatment of various degenerative spinal diseases and can achieve

sufficient stability after the removal of most of the spinal structure.

However, pedicle screw loosening is one of the major complications

causing pain and decreased quality of life after spinal surgery (23).

While the utilization of bone cement for reinforcing pedicle screws

or expandable screws can prevent screw loosening, these measures

also increase the risk of fatal cement embolization and complicate

revision surgery (24). Therefore, to avoid these complications, these

precautions should only be taken in patients with a very high

likelihood of pedicle screw loosening (11). Average HU values of the

lumbar spine have been used to predict screw loosening, and

previous studies have found that HU values have better predictive
FIGURE 2

The outline of HU values at the anterior, middle and posterior parts of L1-L5 vertebral bodies in different age groups.
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value than DXA (25, 26). Jan Bredow et al. proposed that lumbar

average HU values below 120HU could be a risk factor for pedicle

screw loosening (27). However, no studies have taken into account

the uneven distribution of vertebral BMD. Biomechanical studies

have demonstrated that bones located in the pedicle region and in

the posterior part of the vertebrae play a more significant role in

enhancing the stability of the pedicle screw, particularly in the

presence of low BMD (28). Our study suggests that older adults

have a higher BMD at the posterior part of the vertebral body,

which may provide greater control force for the pedicle screw.

Therefore, for the surgeon, the CT HU value of the implantation

area of the pedicle screw may have a higher value than the CT HU

value of the entire vertebra for predicting the stability of the pedicle

screw and for making surgical plans.
Limitations

There are some limitations to the current study. The load

distribution on the spine is largely determined by its curvature on

the sagittal plane (29). Gustaw Wojcik et al. proposed that the

lumbar lordosis Angle causes changes in pressure and shear forces,

which can lead to changes in BMD (30). In this study, the included

data came from patients attending our hospital and the lumbar

lordosis (LL) values may be affected by factors such as pain.

Therefore, the correlation between LL and lumbar BMD

distribution was not included in this study. The effect of lumbar

curvature on the distribution of BMD in the lumbar spine needs to

be investigated further in the future. In addition, the correlation

between HU values in different parts of the vertebrae and DXA

results still needs to be further explored in future studies. Finally,

the data we collected were from patients with degenerative lumbar

disease, and it remains to investigate whether the same trend exists

in the normal population.
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