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Study Design

Retrospective radiological analysis.



Objective

To assess bone mineral mass distribution within cervical vertebrae based on Hounsfield unit (HU) measurement, and explore its correlation with intervertebral disc degeneration.



Method

Three hundred and twenty-four patients with degenerative cervical spine disease were retrospectively reviewed and divided into six groups according to age. HU measurement of the whole vertebrae from C3 through C7 was obtained, then HU measurement within upper and lower part of the vertebrae on sagittal plane were obtained from C3 through C7. Disc degeneration on MRI was graded from I to V using the Pfirrmann classification.



Results

There was a significant difference in the HU value from C3 to C7 among Group II to Group VI, the HU value presented consistently decreasing trend from young patients to old patients. In C6 and C7 vertebrae, there were significant differences in HU values between upper and lower parts of the vertebrae. More importantly. In all groups, HU values were highest in the upper part of the C4 vertebrae and then gradually decreased towards C3 and C7. HU value of both upper and lower vertebrae presented decreasing trend along with the aggravation of the disc degeneration.



Conclusion

HU values are not typically consistent throughout all levels of the cervical spine and the distribution within the vertebrae is not homogeneous. Decreased vertebral BMD and vertebral osteoporosis may trigger or exacerbate the adjacent intervertebral disc degeneration.
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Introduction

Osteoporosis is a systemic bone disease caused by a decrease in bone density and quality, destruction of bone microstructure and increased bone fragility, which puts patients at increased risk of fracture. It is most common in the elderly and postmenopausal women. The bone mineral density(BMD) of cancellous bone is more susceptible to osteoporosis than that of cortical bone (1). Low BMD increases the difficulty of spinal surgery and increases the incidence of complications because the pullout strength of pedicle screws is highly correlated with BMD (1–3).

Dual-energy X-ray absorptiometry (DEXA) is the most commonly used method to determine BMD, and the World Health Organization (WHO) defines a T-scores of less than -2.5 as the gold standard for the diagnosis of osteoporosis. However, DEXA has limitations in assessing the condition of the vertebrae. It cannot distinguish between cortical and cancellous bone, and it also affected by vertebral osteophytes and calcifications that occur in the surrounding vascular wall. This may bias the assessment of localised BMD of the vertebrae in the elderly (4–6). Therefore, it is clinically important to accurately determine the BMD of the vertebral body, especially in cancellous bone. The Hounsfield Unit (HU) is a density metric on computed tomography (CT). Previous studies have shown that the HU values of vertebrae obtained on CT can be representative of the BMD of the vertebral body (5–11). It has the advantage that the average HU value of the vertebral region of interest can be measured in CT, which can improve the accuracy of the measurement. Therefore, CT can be used as a simple and effective way to evaluate BMD of the spine. What’s more, a correlation between vertebrae BMD and degenerative diseases of lumbar spine has been established (12). Whether the same is true in the cervical spine is not known.

The objectives of this study were: firstly, to explore the characteristics of cancellous BMD distribution in cervical vertebrae based on HU measurements; and secondly, to investigate the correlation between BMD in cervical vertebrae and adjacent intervertebral disc degeneration.



Methods


Patients

Inclusion criteria: 1. Degenerative cervical spine disease patients. 2. Full cervical spine Postero-Anterior (P/A) X-ray, cervical CT was available for HU measurement, cervical MRI was available for disc degeneration evaluation. 3. Age between 21 and 80 years old. Exclusion criteria: 1. Ossification of the posterior longitudinal ligament, spondylolisthesis, spinyal deformity, developmental spinal stenosis, tuberculosis, tumors, fractures, inflammation. 2. Coronal and sagittal imbalance, previous cervical surgery. 3. Addiction to alcohol and tobacco (smoking more than 2 cigarettes/day, drinking more than 50 mL/day).

By retrieving the medical records from January 2017 to December 2020 in our hospital, 324 patients who met both the inclusion and exclusion criteria were retrospectively reviewed, they were divided into six groups according to age: Group I(21-30 years old), Group II (31-40 years old), Group III (41-50 years old), Group IV (51-60 years old), Group V (61-70 years old), Group VI (71-80 years old).



Data Collection and Assessment

Patient demographics including age and gender were recorded. All radiographic parameters were measured by two independent observers (first and second author). The C2–C7 Cobb angle was defined as the angle between the C2 inferior endplate and the C7 superior endplate.

The HU measurement for each vertebra was obtained by using a protocol described similar to Schreiber on CT examination (11). 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. Two-dimensional reconstructions were obtained in the sagittal plane. HU measurements were obtained from PACS (Picture Archiving and Communication Systems) Imaging System for C3 to C7. The region of interest for whole vertebraes were measured on Mid-sagittal images of the vertebrae, the largest possible elliptical region of interest was drawn, excluding the cortical margins to prevent volume averaging. Then HU measurement within the different region on mid-sagittal images of the vertebrae were obtained separately from C3 through C7: immediately inferior to the upper endplate (upper 1/2 part),and superior to the lower endplate (lower 1/2 part). Basivertebral vein foramen should not be included in the measurement of the whole vertebrae and different region of the vertebrae (Figure 1).




Figure 1 | Computed tomography scan illustrating the method of determining the HU value with use of an elliptical region of interest.



Disc degeneration on MRI was rated from grade I to V by using the Pfirrmann classification. Grade I: the structure of the disc is homogeneous, with bright hyperintense white signal intensity and normal disc height. Grade II: the structure of the disc is inhomogeneous, with the hyperintense white signal. Grade III: the structure of the disc is inhomogeneous, with an intermittent gray signal intensity. Grade IV: the structure of the disc is inhomogeneous, with a hypointense dark gray signal intensity. Grade V: the structure of the disc is inhomogeneous, with a hypointense black signal intensity. If the two independent observers presented different Pfirrmann Grade evaluation in the same disc, then the third author was invited to make the final decision (Figure 2).




Figure 2 | Cervical disc rating on MRI by using the Pfirrmann classification from grade I to grade V.





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. Analysis of Variance (ANOVA) was used to compare the HU value among multi-subgroups. The rank sum test is used to compare samples with uneven variances. Paired samples t-test was used to compare the intravertebrae HU values. The association between the Pfirrmann grade of the disc and the HU values of the adjacent vertebrae were assessed using Spearman’s correlation coefficient. The statistical significance was set at p < 0.05.




Results


Characteristics of the Subjects

A total of 324 patients were included in this research, of whom 162 (50%) were male and 162 (50%) were female, with an average of 53.3 ± 12.7 years old. The minimum age 26 years old and the maximum age 79 years old. The C2–C7 Cobb angle was statistically different among subgroups(F=10.229 P<0.01), it presented consistently increasing trend from young (21-30 years old) subgroup to old (71-80 years old) subgroup (Table 1).


Table 1 | Comparison of general data and Cobb among the six different age subgroups.





HU Value Within the Cervical Vertebrae Among Six Different Age Subgroups

There was a significant difference in the HU value from C3 to C7 among Group II to Group VI, the HU value presented consistently decreasing trend from Group I to Group V (Table 2).


Table 2 | HU value of cervical vertebrae from C3 to C7 in all of the six different age subgroups.



A two-by-two comparison between the individual vertebrae of the different subgroups showed statistically significant differences between Group I-III and Group IV-VI, but no statistically significant differences between the individual vertebrae of Group V and Group VI (Table 3).


Table 3 | P values for comparison of HU values of respective vertebrae among different subgroups.



From C3 to C5, there were no significant differences in HU values between the upper and lower parts of the vertebrae. However, there were significant differences in HU values between the upper and lower parts of the vertebrae in C6 and C7 vertebrae, respectively (Table 4). More importantly. In all groups, HU values were highest in the upper part of the C4 vertebrae and then gradually decreased towards C3 and C7. (Figure 3)


Table 4 | HU value distribution within cervical vertebrae from C3 to C7.






Figure 3 | Outline of mean HU values of vertebrae from upper part of C3 to lower part of C7 in different subgroups.





Correlation of Cervical Vertebrae HU Value With the Intervertebral Disc Degeneration

Among the 1296 discs in the 324 patients, 1 disc was classified as Pfirrmann Grade I, 7 discs were classified as Pfirrmann Grade II, 524 discs were classified as Pfirrmann Grade III, 576 discs were classified as Pfirrmann Grade IV, 188 discs were classified as Pfirrmann Grade V. The HU value of both the upper vertebrae and lower vertebrae of the disc presented consistently decreasing trend along with the aggravation of the disc degeneration. (Table 5)


Table 5 | Comparison of vertebrae HU value adjacent to discs of different Pfirrmann Grade. (* means significant difference was detected when compared to Grade II, & means significant difference was detected when compared to Grade III, # means significant difference was detected when compared to Grade IV).



When compared according to the different disc segments, the HU value of both the upper vertebrae and lower vertebrae of the disc still presented consistently decreasing trend along with the aggravation of the disc degeneration (Figures 4, 5).




Figure 4 | Outline of mean HU values of the upper vertebrae of different discs.






Figure 5 | Outline of mean HU values of the lower vertebrae of different discs.



Correlation analysis between different disc Pfirrmann grades and HU values of adjacent vertebrae demonstrated that there was a negative correlation between disc degeneration grades and HU values of adjacent vertebrae, p < 0.01 (Table 6).


Table 6 | Correlation between different disc Pfirrmann grades and HU values of adjacent vertebrae.






Discussion


The Effect of Age on HU Values of Cervical Vertebrae

With the ageing of the body, the functions of all the organs in the body deteriorate. The same trend applies to the skeletal system. Studies have shown that human cancellous bone loss with age begins in early adulthood (13). In our study, we stratified our patients by age and also confirmed that the HU values of the cancellous bone of the cervical vertebrae declined progressively with age. We consider that there may be several reasons for this. Firstly, older people tend to spend less time outdoors compared to younger people, which may affect calcium metabolism. Secondly, the dynamic balance between osteoblasts and osteoclasts may change with age, especially in postmenopausal women, leading to a decrease in cancellous bone density. In addition, both previous studies and our data suggest that the Cobb of the cervical spine gradually increases with age (14, 15), which can produce changes in cervical force lines that may affect the BMD of the cervical vertebrae.

The mean HU of Group VI was greater than that of Group V, but statistical analysis showed no significant difference between the two groups. We believe that the reason for this phenomenon may be that the decline in HU values reaches a cutoff value with increasing age. In addition, the sample size was small, thus creating a selection bias.



Characteristics of the Distribution of HU Values in the Cervical Vertebrae

Previously, Ordway NR et al. (16) proved that there were no significant differences in HU values from C3 to C7 in eight cadavers. Anderst WJ et al. (17) studied 10 patients with cervical radiculopathy and 12 asymptomatic controls (aged 35-61) and found that C5 had the highest HU values in C3-C7. Zhang Y et al. (18) reported a cohort of 598 healthy adults between the ages of 20 and 64 years, with gradual decrease in HU values from C2 to C7, except for C3. Salzmann SN et al. (19) reported a cohort of 194 patients underwent ACDF with a mean age of 55.9, the mean HU value within C1 was 253.3, C2 was 276.6, C3 was 272.2, C4 was 283.5, C5 was 265.1, C6 was 235.3, C7 was 216.8, T1 was 184.4. In our study, we measured HU values from C3 to C7 vertebrae and found that C4 had the highest HU values among all subgroups, with a gradual decrease toward C3 and C7. We consider there are three possible explanations for the inconsistent results of these studies. First, the sample size may have had an impact on the final results. There were only 8 members in our Group I. Although the measured HU values were the highest in C4, the statistical differences between vertebrae were not significant. Similarly, the sample size in the study by Ordway NR et al. was 8 (16). Second, both the selection of the region of interest and the measurement methods were different. We measured the HU values of cancellous bone within the vertebral body, whereas Anderst WJ et al. divided the entire cervical vertebrae into 11 regions for measurement and calculated their mean values (17). In addition, ethnic may also be a reason. Salzmann SN et al. (19) had 91.2% Caucasian in their study, while Zhang Y et al. (18) and our study individuals were all Chinese.

To our knowledge, this study reveal the BMD characteristics of the cervical spine by separating the upper and lower parts of the vertebrae firstly. We found that in the cervical spine, the HU values within the vertebrae was not uniform, in particular, the differences were statistically significant between upper and lower parts of C6 and C7. In all our subgroups, the highest point of HU values was in the upper part of C4 and gradually decreased toward the upper part of C3 and the lower part of C7 (except for Group I, probably because of its small sample size). We consider two possible explanations for this feature. Firstly, the direction of force on each cervical vertebra is not vertically downward due to the presence of cervical lordosis. According to Wolff’s law, we know that the structure of the bone is affected by the direction of mechanical stimulation. In the sagittal position of the cervical spine, C4 tends to be located at the apex of the cervical lordosis, which is also the site of stress concentration. Therefore, the highest HU values are found in the C4 vertebrae. Secondly, the volume of the cervical vertebrae gradually increases from C3 to C7. Therefore, the pressure per unit volume is different in different vertebrae. In particularly, the C6 and C7 vertebrae are significantly larger and have a larger cross-sectional area (20). Therefore, the BMD of the C6 and C7 vertebrae is lower than that of the vertebrae above.



Correlation of Cervical Vertebrae HU Value With the Intervertebral Disc Degeneration

Anatomically, the vertebrae and intervertebral discs combine into bundles to form the motor segments of the spine. Mechanically and biologically, they are closely linked and are considered to be a functional unit (21–23). The vertebral endplate is a thin layer of cartilage structure between the vertebrae and the intervertebral disc, which plays an important role in the nutrient supply and stress transmission to the disc (24). Intervertebral disc degeneration and osteoporosis are the most common degenerative diseases of the spine, and the two structural degenerative processes often occur together. However, the detailed relationship between them is not clear. Disc degeneration is the weakening of disc structure and function due to various causes, such as genetics, aging, malnutrition, trauma, high loading, etc (25). Previous studies have shown that inadequate nutrient supply to intervertebral disc cells is a major event in the initiation and progression of disc degeneration (26). The intervertebral disc is the largest non-vascular structure in the body, and the material exchange of the disc depends mainly on the nutrient pathways of the upper and lower endplates, and damage to the endplate nutrient pathways will cause disc degeneration (27–29). Therefore, the integrity of the endplate, which serves as a bridge between the vertebral body and the disc, may be a key factor in disc degeneration.

Osteoporosis can cause endplate thinning and microfractures, which will affect the healing of the injured endplate, further reducing the vascularity near the degenerating endplate and increasing endplate calcification. The increased endplate calcification and decreased vascularity will affect the material exchange of the intervertebral disc, further promoting disc degeneration (28, 30). In addition, endplate fracture produces abnormal stress distribution in the adjacent disc, increasing the risk of internal damage and degeneration (22). In the current study, the grade of cervical discs degeneration were negatively correlated with the HU values of the adjacent vertebrae, and the HU values of the vertebrae above and below the disc showed a tendency of decrease with the aggravation of the disc degeneration. This result suggests that reduced vertebral BMD and vertebral osteoporosis may trigger or exacerbate adjacent disc degeneration. Another feature of this study is the first demonstration that cervical disc degeneration is strongly correlated with vertebral BMD based on HU value measurements, which is superior to DEXA scans in determining osteoporosis.

Interestingly, cervical disc herniation occurs most frequently in C45 and C56, whereas our study showed a progressive decrease in HU values in C4-C7 vertebrae. This is because we considered the cervical spine as a whole and considered the effect of gravity. In contrast, the C45 and C56 discs were also subjected to lateral shear forces, which did not conflict with our results. When each disc was analyzed separately, the HU values of the upper and lower vertebrae of the disc remained on a decreasing trend with increasing disc degeneration (Figures 4, 5).




Limitations

There are some limitations to the current study. Firstly, we collected data on patients with degenerative cervical spine disease requiring hospitalization, and further investigation is needed to examine whether the same trend exists in the normal population. Secondly, the samples collected in our study were all Asian, and whether the results are the same for samples from other ethnic groups requires further investigation.



Conclusions

HU values are not typically consistent throughout all levels of the cervical spine and the distribution within the vertebral body is not homogeneous. Decreased vertebral bone mass and vertebral osteoporosis may trigger or exacerbate the adjacent intervertebral disc degeneration.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Medical Ethics Committee of the Third Hospital of Hebei Medical University. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

WD, HW, and XL contributed to conception and design of the study. XL and QL performed the literature search, acquired, and collated the data, which were analyzed by XL and JX. XL wrote the first draft of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



Funding

This study is supported by Medical Research Program of Hebei, China (20190073).



References

1. Halvorson, TL, Kelley, LA, Thomas, KA, Whitecloud, TS 3rd, and Cook, SD. Effects of Bone Mineral Density on Pedicle Screw Fixation. Spine (1994) 19:2415–20. doi: 10.1097/00007632-199411000-00008

2. Löffler, MT, Sollmann, N, Burian, E, Bayat, A, Aftahy, K, Baum, T, et al. Opportunistic Osteoporosis Screening Reveals Low Bone Density in Patients With Screw Loosening After Lumbar Semi-Rigid Instrumentation: A Case-Control Study. Front Endocrinol (Lausanne) (2021) 11:552719. doi: 10.3389/fendo.2020.552719

3. Su, YF, Tsai, TH, Lieu, AS, Lin, CL, Chang, CH, Tsai, CY, et al. Bone-Mounted Robotic System in Minimally Invasive Spinal Surgery for Osteoporosis Patients: Clinical and Radiological Outcomes. Clin Interv Aging (2022) 17:589–99. doi: 10.2147/CIA.S359538

4. Gupta, A, Upadhyaya, S, Patel, A, Fogel, HA, Cha, T, Schwab, J, et al. DEXA Sensitivity Analysis in Patients With Adult Spinal Deformity. Spine J (2020) 20(2):174–80. doi: 10.1016/j.spinee.2019.08.011

5. Choi, MK, Kim, SM, and Lim, JK. Diagnostic Efficacy of Hounsfield Units in Spine CT for the Assessment of Real Bone Mineral Density of Degenerative Spine: Correlation Study Between T-Scores Determined by DEXA Scan and Hounsfield Units From CT. Acta Neurochir (2016) 158:1421–7. doi: 10.1007/s00701-016-2821-5

6. Zou, D, Jiang, S, Zhou, S, Sun, Z, Zhong, W, Du, G, et al. Prevalence of Osteoporosis in Patients Undergoing Lumbar Fusion for Lumbar Degenerative Diseases: A Combination of DXA and Hounsfield Units. Spine (2020) 45:E406–10. doi: 10.1097/BRS.0000000000003284

7. Wang, H, Sun, Z, Wang, L, Zou, D, and Li, W. Proximal Fusion Level Above First Coronal Reverse Vertebrae: An Essential Factor Decreasing the Risk of Adjacent Segment Degeneration in Degenerative Lumbar Scoliosis. Global Spine J (2021):2192568221994082. doi: 10.1177/2192568221994082

8. Wang, H, Zou, D, Sun, Z, Wang, L, Ding, W, and Li, W. Hounsfield Unit for Assessing Vertebral Bone Quality and Asymmetrical Vertebral Degeneration in Degenerative Lumbar Scoliosis. Spine (2020) 45(22):1559–66. doi: 10.1097/BRS.0000000000003639

9. Amin, MFM, Zakaria, WMW, and Yahya, N. Correlation Between Hounsfield Unit Derived From Head, Thorax, Abdomen, Spine and Pelvis CT and T-Scores From DXA. Skeletal Radiol (2021) 50:2525–35. doi: 10.1007/s00256-021-03801-z

10. Colantonio, DF, Saxena, SK, Vanier, A, Rodkey, D, Tintle, S, and Wagner, SC. Cervical Spine Computed Tomography Hounsfield Units Accurately Predict Low Bone Mineral Density of the Femoral Neck. Clin Spine Surg (2020) 33:E58–62. doi: 10.1097/BSD.0000000000000879

11. Schreiber, JJ, Anderson, PA, Rosas, HG, Buchholz, AL, and Au, AG. Hounsfield Units for Assessing Bone Mineral Density and Strength: A Tool for Osteoporosis Management. J Bone Joint Surg Am (2011) 93:1057–63. doi: 10.2106/JBJS.J.00160

12. Muraki, S, Yamamoto, S, Ishibashi, H, Horiuchi, T, Hosoi, T, Orimo, H, et al. Impact of Degenerative Spinal Diseases on Bone Mineral Density of the Lumbar Spine in Elderly Women. Osteoporos Int (2004) 15:724–8. doi: 10.1007/s00198-004-1600-y

13. Khosla, S. Pathogenesis of Age-Related Bone Loss in Humans. J Gerontol A Biol Sci Med Sci (2013) 68:1226–35. doi: 10.1093/gerona/gls163

14. Iorio, J, Lafage, V, Lafage, R, Henry, JK, Stein, D, Lenke, LG, et al. The Effect of Aging on Cervical Parameters in a Normative North American Population. Global Spine J (2018) 8:709–15. doi: 10.1177/2192568218765400

15. Tang, R, Ye, IB, Cheung, ZB, Kim, JS, and Cho, SK. Age-Related Changes in Cervical Sagittal Alignment: A Radiographic Analysis. Spine (2019) 44:E1144–50. doi: 10.1097/BRS.0000000000003082

16. Ordway, NR, Lu, YM, Zhang, X, Cheng, CC, Fang, H, and Fayyazi, AH. Correlation of Cervical Endplate Strength With CT Measured Subchondral Bone Density. Eur Spine J (2007) 16:2104–9. doi: 10.1007/s00586-007-0482-z

17. Anderst, WJ, Thorhauer, ED, Lee, JY, Donaldson, WF, and Kang, JD. Cervical Spine Bone Mineral Density as a Function of Vertebral Level and Anatomic Location. Spine J (2011) 11:659–67. doi: 10.1016/j.spinee.2011.05.007

18. Zhang, Y, Zhou, Z, Wu, C, Zhao, D, Wang, C, Cheng, X, et al. Population-Stratified Analysis of Bone Mineral Density Distribution in Cervical and Lumbar Vertebrae of Chinese From Quantitative Computed Tomography. Korean J Radiol (2016) 17:581–9. doi: 10.3348/kjr.2016.17.5.581

19. Salzmann, SN, Okano, I, Ortiz Miller, C, Chiapparelli, E, Reisener, MJ, Winter, F, et al. Regional Bone Mineral Density Differences Measured by Quantitative Computed Tomography in Patients Undergoing Anterior Cervical Spine Surgery. Spine J (2020) 20:1056–64. doi: 10.1016/j.spinee.2020.02.011

20. Ezra, D, Masharawi, Y, Salame, K, Slon, V, Alperovitch-Najenson, D, and Hershkovitz, I. Demographic Aspects in Cervical Vertebral Bodies' Size and Shape (C3-C7): A Skeletal Study. Spine J (2017) 17(1):135–42. doi: 10.1016/j.spinee.2016.08.022

21. Humzah, MD, and Soames, RW. Human Intervertebral Disc: Structure and Function. Anat Rec (1988) 220:337–56. doi: 10.1002/ar.1092200402

22. Dolan, P, Luo, J, Pollintine, P, Landham, PR, Stefanakis, M, and Adams, MA. Intervertebral Disc Decompression Following Endplate Damage: Implications for Disc Degeneration Depend on Spinal Level and Age. Spine (2013) 38:1473–81. doi: 10.1097/BRS.0b013e318290f3cc

23. Vergroesen, PP, Kingma, I, Emanuel, KS, Hoogendoorn, RJ, Welting, TJ, van Royen, BJ, et al. Mechanics and Biology in Intervertebral Disc Degeneration: A Vicious Circle. Osteoarthritis Cartilage (2015) 23:1057–70. doi: 10.1016/j.joca.2015.03.028

24. Chan, WC, Sze, KL, Samartzis, D, Leung, VY, and Chan, D. Structure and Biology of the Intervertebral Disk in Health and Disease. Orthop Clin North Am (2011) 42:447–vii. doi: 10.1016/j.ocl.2011.07.012

25. Adams, MA, and Roughley, PJ. What is Intervertebral Disc Degeneration, and What Causes it? Spine (2006) 31:2151–61. doi: 10.1097/01.brs.0000231761.73859.2c

26. Volz, M, Elmasry, S, Jackson, AR, and Travascio, F. Computational Modeling Intervertebral Disc Pathophysiology: A Review. Front Physiol (2022) 12:750668. doi: 10.3389/fphys.2021.750668

27. Kang, R, Li, H, Ringgaard, S, Rickers, K, Sun, H, Chen, M, et al. Interference in the Endplate Nutritional Pathway Causes Intervertebral Disc Degeneration in an Immature Porcine Model. Int Orthop (2014) 38:1011–7. doi: 10.1007/s00264-014-2319-9

28. Moore, RJ. The Vertebral Endplate: Disc Degeneration, Disc Regeneration. Eur Spine J (2006) 15 Suppl 3:S333–7. doi: 10.1007/s00586-006-0170-4

29. Määttä, JH, Kraatari, M, Wolber, L, Niinimäki, J, Wadge, S, Karppinen, J, et al. Vertebral Endplate Change as a Feature of Intervertebral Disc Degeneration: A Heritability Study. Eur Spine J (2014) 23:1856–62. doi: 10.1007/s00586-014-3333-8

30. Wáng, YXJ. Senile Osteoporosis is Associated With Disc Degeneration. Quant Imaging Med Surg (2018) 8:551–6. doi: 10.21037/qims.2018.07.04




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liang, Liu, Xu, Ding and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-920167-g002.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Hounsfield Unit for Assessing Bone Mineral Density Distribution Within Cervical Vertebrae and Its Correlation With the Intervertebral Disc Degeneration

      

        		

          Study Design

        



        		

          Objective

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patients

          



          		

            Data Collection and Assessment

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Characteristics of the Subjects

          



          		

            HU Value Within the Cervical Vertebrae Among Six Different Age Subgroups

          



          		

            Correlation of Cervical Vertebrae HU Value With the Intervertebral Disc Degeneration

          



        



        



        		

          Discussion

        

          		

            The Effect of Age on HU Values of Cervical Vertebrae

          



          		

            Characteristics of the Distribution of HU Values in the Cervical Vertebrae

          



          		

            Correlation of Cervical Vertebrae HU Value With the Intervertebral Disc Degeneration

          



        



        



        		

          Limitations

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Correlation Coefficient p

upper vertebrae -0.141 <0.01
lower vertebrae -0.150 <0.01






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-920167-g004.jpg
HU value

460

440

420

400

380

360

340

320

300

280






OEBPS/Images/table2.jpg
c3

C4

C5

c6

cr

statistics
p

Group I: 21-
30years

397.8. £ 94.8
416.7 + 59.4
389.0 + 64.2
368.0 + 56.2
3259 +57.3

2.083
0.104

Group II: 31-
40years

377.7 £ 68.4
400.1 +£74.8
385.1 +74.8
350.0 + 66.7
307.1 £61.8

16.561
<0.01

Group lIl: 41-
50years

364.6 + 68.7
377.4 £721
3569.5 + 72.4
3156.0 £ 74.3
284.1 + 60.0

78.588
<0.01

Group IV: 51-
60years

332.5 + 86.8
342.5 +78.4
331.8+83.3
286.8 + 74.0
257.2 +58.4

19.079
<0.01

Group V: 61-
70years

316.3 £ 81.4
323.2 + 86.1
298.8 + 82.2
261.8 +78.0
234.7 +70.8

13.791
<0.01

Group VI: 71-
80years

326.2 + 82.1
330.8 +99.1
305.0 + 86.5
266.32 + 82.6
235.4 + 64.0

9.482
<0.01

statistics

6.232

8.718

10.049

12.598

13.012

P

<0.01

<0.01

<0.01

<0.01

<0.01

Mean
value

345.3 +
81.6
357.2 +
85.1
339.3 +
85.7
299.1 +
80.8
266.8 +
68.1
258.836
<0.01






OEBPS/Images/table4.jpg
C3
C4
C5
C6
C7

Upper part of vertebrae Lower part of vertebrae statistics

344.7 + 80.1
359.6 + 85.7
340.3 +85.3
304.5 +80.3
276.2 £ 70.4

346.3 + 83.6
355.5 + 89.7
337.5+89.8
2923 +85.4
2571 +69.9

-0.652
1.855
1.236
5.657
9.604

P

0.515
0.064
0.217
<0.01
<0.01





OEBPS/Images/fendo-13-920167-g003.jpg
HU value

450

400

w
(o)
o

w
o
o

250

200

—a— Age 21-30
~—Age 31-40
—+— Age 41-50
—v— Age 51-60
—»—Age 61-70
—<— Age 71-80






OEBPS/Images/table3.jpg
Sections Group Group | Group Il Group Il Group IV Group V
C3 Group Il 0.497

Group Il 0.257 0.345

Group IV 0.025* 0.001* 0.011*

Group V 0.006* 0.000* 0.000* 0219

Group VI 0.017* 0.001* 0.011* 0.629 0.576
C4 Group Il 0.585

Group Il 0.191 0.110

Group IV 0.013* 0.000* 0.007*

Group V 0.002* 0.000* 0.000* 0.152

Group VI 0.006* 0.000* 0.004* 0.447 0.643
C5 Group Il 0.898

Group Il 0.325 0.072

Group IV 0.055 0.000* 0.032*

Group V 0.003* 0.000* 0.000* 0.015*

Group VI 0.007* 0.000* 0.001* 0.084 0.702
o) Group Il 0.522

Group Il 0.057 0.008*

Group IV 0.003* 0.000* 0.019*

Group V 0.000* 0.000* 0.000* 0.045*

Group VI 0.000* 0.000* 0.001* 0.154 0.762
c7 Group Il 0.425

Group Il 0.074 0.038*

Group IV 0.003* 0.000* 0.008*

Group V 0.000* 0.000* 0.000* 0.033*

Group VI 0.000* 0.000* 0.000* 0.071 0.953

("p<0.05).





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-13-920167-g001.jpg





OEBPS/Images/fendo.2022.920167_cover.jpg
’ frontiers | Frontiers in Endocrinology

Hounsfield Unit for Assessing
Bone Mineral Density Distribution
Within Cervical Vertebrae and Its
Correlation With the Intervertebral

Disc Degeneration





OEBPS/Images/table1.jpg
Group 1:21-30years Group I1:31-40years Group lll:41-50years Group IV:51-60years Group V:61-70years Group VI:71-80years statistic p

Age 289+15 36.5 £2.7 46.4 £2.5 55127 649+29 736 +23 14223 <0.01
Cobb -1.8+10.8 37+125 8.1+104 121 +£10.7 146+ 11.9 16.3+10.9 10229 <0.01
Cases 8 58 72 84 62 40 - -
man 4 29 36 42 31 20 = =
woman 4 29 36 42 31 20 - -





OEBPS/Images/fendo-13-920167-g005.jpg
HU value

420

400

380

360

340

320

300

280

260

240






OEBPS/Images/table5.jpg
Pfirrmann Grade Cases upper vertebrae lower vertebrae
Grade | 1 - -

Grade Il 7 398.1 + 74.6 # 351.4 +90.9
Grade Il 524 348.9 +88.1 # 330.5+91.4 #
Grade IV 576 328.8 +81.7 *& 311.6 £823 &
Grade V 188 314.6 + 87.5 *&# 285.4 + 83.7 *&it
statistics 10.533 18.715

p 0.000 0.000





