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Abstract
Background : Vertebral compression fracture (VCF) is the most common osteoporotic fracture which
signi�cantly decreases patient’s quality of life and high risk of subsequent osteoporotic fracture. VCFs
also result in substantial �nancial burden on the public health system. Studying the characteristics of
VCFs with analyzing the distributional differences by age and sex is meaningful for us to prevent and
treat the VCFs.

Methods: We retrospectively reviewed the patients with thoracolumbar VCF from December 2012 to June
2018 in our department. A total of 675 cases met the study inclusion criteria for analysis. We divided the
patients into four groups by age with every 10 years from 50 to 89 years old. Morbidity in each sex, the
occurrence of single- or multisegment fractures and the distribution of fractures from T7 to L5 was
calculated for every group. All the data was tested by SPSS.

Results: The highest proportion of male patients was in Group 4 (80-89 years old), and the lowest was in
Group 2 (60-69 years old). The highest and lowest proportion of female patients was in Group 2 and
Group 4, P value < 0.05.

The highest proportion of multisegment fractures was in Group 3 (70-79 years old), and the lowest was in
Group 1 (50-59 years old). The highest proportion of single-segment fractures was in Group 1, and the
lowest was in Group 3, P > 0.05.

Compared with the other vertebral fractures, L4 had P <0.05; others were all >0.05.

Conclusions: As affected by individualized stress mechanisms of different vertebras and degree of
osteoporosis, thoracolumbar VCFs have different characteristics that could assist physicians in carefully
selecting treatment regimens to reduce pain and complications and improve the quality of life of patients.

Introduction
Vertebral compression fracture (VCF) is the most common type of osteoporotic fracture, with a
prevalence equal to that of hip and distal radius fractures combined [1]. According to an epidemiological
survey, there were 2.33 million cases of osteoporotic fractures in China in 2010, of which 1.11 million
were vertebral fractures. It is predicted that by 2050, there will be 5.99 million cases of osteoporotic
fractures in China [2]. Previous studies showed that 25% of postmenopausal women older than 50 years
and 40% of 80-year-old women were affected by VCFs, indicating that the prevalence is both age- and
sex-speci�c. Another study showed that 30–50% of adults older than 50 years suffered from VCFs, and
VCF occurred every 2.2 seconds worldwide [3].

VCF is a serious type of osteoporotic fracture that is associated with a progressive loss of height, spinal
kyphosis, pain, reduced mobility and independence, and psychological distress [4]. All the factors above
result in a signi�cant decrease in patient-reported health-related quality of life (HRQOL) and loss of
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quality-adjusted life years [5–7]. Moreover, a patient with VCF will likely experience another osteoporotic
fracture in the spine or elsewhere. One in every 5 women with VCF will experience a second VCF within
the following 12 months, and the risk of nonvertebral osteoporotic fractures, including those of the hip,
increases 2 to 3 times [3]. Of great concern is that the long-term mortality in patients with a history of VCF
is signi�cantly higher than that in the general population and parallels mortality rates associated with
osteoporotic hip fractures [3].

VCF is an expensive type of osteoporotic fracture, resulting in a substantial �nancial burden on the public
health system. In the United States, the annual direct medical costs of osteoporotic fractures are
estimated to be $12.2 billion to $17.9 billion [8]. The costs generated speci�cally by VCF have been
appraised at more than $1.07 billion [1]. In addition, the indirect costs due to patient and caregiver loss of
productivity have been estimated at $6 billion annually [9]. In China, the medical expenditure of
osteoporotic fractures was 64.9 billion yuan in 2010. It is predicted that by 2050, medical expenditures
will reach 174.5 billion yuan [2].

It is meaningful to effectively prevent the occurrence of VCF by studying its characteristics. Although it is
a common consideration that the prevalence of VCF is both age- and sex-speci�c [10–11], these
characteristics should be analyzed in depth.

Material And Methods
From December 2012 to June 2018, we studied 675 patients aged 50 to 89 years with thoracolumbar
VCFs referred from the Spine Surgery Department of No. 1 Hospital of Jilin University. There were 150
male patients (22.22%), 525 female patients (72.81%), 415 patients with single-segment fracture
(72.81%) and 155 patients with multisegment fracture (27.19%).

The inclusion criteria were as follows: 1. patients with fracture in any segment from thoracic vertebra 7 to
lumbar vertebra 5; 2. patients aged 50 to 89 years; and 3. patients in whom the VCF was caused by the
patient themselves and who had normal cognitive ability. The exclusion criteria included the following: 1.
patients with any violent fracture history or pathological fracture history (car accident, fall injury or
tumor); 2. Patients with mental disorders, nervous system diseases or Alzheimer's disease; and 3. patients
in whom osteoporosis was caused by endocrine diseases, such as diabetes or hyperparathyroidism.

We divided the patients into four groups by age. There were 107 patients (15.85%) in Group 1 (50–
59 years old), 242 patients (35.85%) in Group 2 (60–69 years old), 219 patients (32.44%) in Group 3 (70–
79 years old), and 107 patients (15.85%) in Group 4 (80–89 years old).

Morbidity in each sex, the occurrence of single- or multisegment fractures and the distribution of fractures
from thoracic vertebra 7 to lumbar vertebra 5 was calculated for every group.

Statistical analysis
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Results
Comparison of proportions of vertebral compression fractures between sexes in different groups

In all 675 patients, the proportions of males and females in the 4 groups were calculated and are shown
in Table 1. The highest proportion of male patients was in Group 4 (36 cases, 33.64%), and the lowest
was in Group 2 (42 cases, 17.36%). The highest proportion of female patients was in Group 2 (200 cases,
82.64%), and the lowest was in Group 4 (71 cases, 66.36%). The result of the statistical analysis had a P
value < .05; therefore, there was a signi�cant difference.

Table 1
The proportion of fractures by sex in each group

Groups Age Male (%) Female (%) χ2 P

Group 1 (n = 107) 50–59 years 27(25.23) 80(74.77) 12.31 0.006

Group2 (n = 242) 60–69 years 42(17.36) 200(82.64)    

Group 3 (n = 219) 70–79 years 45(20.55) 174(79.45)    

Group 4 (n = 107) 80–89 years 36(33.64) 71(66.36)    

Comparison of proportions of single-segment fractures and multisegment fractures in different groups

Among the 675 patients, there were 21 cases of multisegment fractures (19.63%) and 86 cases of single-
segment fractures (80.37%) in Group 1; 62 cases of multisegment fractures (25.62%) and 180 cases of
single-segment fractures (74.38%) in Group 2; 63 cases of multisegment fractures (28.77%) and 156
cases of single-segment fractures (71.23%) in Group 3; and 30 cases of multisegment fractures (28.04%)
and and 77 cases of single-segment fractures (71.96%) in Group 4, as shown in Table 2. The proportion
of multisegment fractures among the four groups was the highest in Group 3 (63 cases, accounting for
28.77%) and the lowest in Group 1 (21 cases, 19.63%). The highest proportion of single-segment
fractures among the four groups was in Group 1 (86 cases, 80.37%), and the lowest was in Group 3 (156
cases, 71.23%). The result of statistical analysis indicated P > 0.05; therefore, there was no signi�cant
difference.

The statistical analyses was performed using SPSS software for Windows, version 20.0 (SPSS Inc,
Chicago, IL). The count index is recorded as N (%). The morbidity data of the 4 groups were compared
using chi-square tests (the P value was calculated directly by the precise probability method when
necessary). Statistical signi�cance was established at P < .05.
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Table 2
The proportions of single-segment fractures and multisegment fractures in the different groups

Groups Age
(years)

Multisegment Fractures
(%)

Single-segment Fracture
(%)

χ2 P

Group 1 (n = 
107)

50–59 21(19.63) 86(80.37) 3.372 0.338

Group2 (n = 
242)

60–69 62(25.62) 180(74.38)    

Group 3 (n = 
219)

70–79 63(28.77) 156(71.23)    

Group 4 (n = 
107)

80–89 30(28.04) 77(71.96)    

Comparison of the proportionof vertebral fractures in different segments in different groups
There were 977 fractured vertebrae in 675 patients who were divided into 11 groups by segment, from
thoracic 7 to lumbar 5. Comparisons were conducted by age groups as mentioned above and are shown
in Table 3. The results of the comparisons, including the χ2 values and P values, are also shown in
Table 3. Compared with the other vertebral fractures, the P values of L4 were < .05 in all 4 groups, with
signi�cant differences; the other P values were all > .05, with no signi�cant differences found.

Table 3
The proportions (%) of vertebral fractures in different segments in the different groups (977

vertebral fractures in 675 patients)
GroupsGroup 1 (n = 107)Group2 (n = 242)Group 3 (n = 219)Group 4 (n = 107)Statistical Index
Age 50–59 years 60–69 years 70–79 years 80–89 years χ2 P
T7 2(1.87) 12(4.96) 7(3.2) 2(1.87) / 0.431
T8 6(5.61) 15(6.2) 18(8.22) 6(5.61) 1.319 0.725
T9 2(1.87) 9(3.72) 8(3.65) 2(1.87) / 0.734
T10 8(7.48) 11(4.55) 14(6.39) 5(4.67) 1.647 0.649
T11 7(6.54) 37(15.29) 34(15.53) 13(12.15) 6.043 0.11
T12 34(31.78) 71(29.34) 68(31.05) 29(27.1) 0.753 0.861
L1 37(34.58) 99(40.91) 81(36.99) 31(28.97) 4.808 0.186
L2 28(26.17) 41(16.94) 36(16.44) 23(21.5) 5.613 0.132
L3 10(9.35) 27(11.16) 28(12.79) 17(15.89) 2.496 0.476
L4 8(7.48) 20(8.26) 29(13.24) 18(16.82) 7.957 0.047
L5 1(0.93) 9(3.72) 10(4.57) 5(4.67) / 0.35

Discussion
Osteoporosis is a bone disease with increasing prevalence with age [12]. The bone mass of humans,
which is related to age, increases in childhood and adolescents but begins to slowly decrease at a rate of
approximately 0.5% per year after reaching its peak in adulthood [13]. Bone mineral density (BMD) is an
intrinsic factor associated with brittle fracture of the spine, and osteoporosis (low BMD) is the most
serious risk factor [14]. In the population over the age of 50, VCFs caused by osteoporosis, minor trauma
or no obvious trauma are relatively common, causing serious public health problems due to disability,
decreased quality of life and increased mortality [15].
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In our study, nearly all the cases occurred in the 60 to 69 years group and the 70 to 79 years group. The
number of cases were obviously higher than those in the 50 to 59 years group or the 80 to 89 years
group. We believe that the loss of bone mass is not great enough to confer an extreme risk of VCF until
the age of 60. However, the low rate of VCF in the 80 to 89 years group should be explained. The main
reason for this phenomenon is that the population aged 80 to 89 years is smaller than the populations of
the other age groups. According to the 2010 population census of China from the National Bureau of
Statistics, the population of individuals aged 80 to 89 years was 19 million, whereas that of individuals
aged 60 to 69 years was almost 100 million [16]. Although the probability of VCF is higher in elderly
individuals, the age group is the determining factor. Moreover, elderly individuals lose the ability and
willingness to participate in social activities with increasing age, which means a relatively decreased risk
of developing fracture [17]. It has been estimated that more than 70% of VCFs are silent [18]. Sometimes
the symptoms are too minor to be noticed, and elderly individuals do not realize that they have a VCF
until they undergo radiography for another condition or experience a secondary osteoporotic fracture. In
addition, the lack of knowledge about osteoporotic fractures in elderly individuals and their families is an
obstacle to being addressed.

In our study, we found that the proportion of VCF in female patients was higher than that in male patients
aged 50–89 years. With increasing age, the proportion of VCF decreased in female patients and
increased in male patients, with P values < 0.05, indicating a signi�cant difference. The proportion of
vertebral fractures in female patients aged 60–69 years was the highest (82.64%), and there was a
signi�cant decrease (66.36%) in the 80–89 years age group. The risk of fracture increases because the
activity of osteoclasts increases, which can lead to osteoporosis because estrogen levels decline rapidly
during late menopause [19]. The peak bone mass in males is greater than that in females, and the
occurrence of bone loss occurs later in life. In addition, the decline in androgens is gradual, so the amount
and rate of bone loss in males is less than that in females. In this study, VCFs in females were found to
predominate in the 60–69 years age group, while the proportion in the 80–89 years age group showed a
signi�cant decrease, which was statistically signi�cant.

The results of this study showed that the P values between single-segment fractures and multisegment
fractures in all age groups were > 0.05 and were not statistically signi�cant. Moreover, the proportions of
multisegment VCFs did not increase signi�cantly. Therefore, this study shows that patients with single-
segment fractures can be stabilized through prevention or treatment and may not develop multisegment
fractures.

This study shows a trend that stress diffuses from T12, with stress gradually concentrating in L1, L2, L3,
and L4 according to the comparison of the vertebral segment with fractures. However, only the P values
of L4 vertebral fractures in each age group were signi�cant, with values < 0.05 (0.047). When a patient
falls backward, the energy of compression diffuses from his/her lower lumbar vertebrae up to thoracic
vertebrae. The vertebra, which absorbs most of the energy, fractures. Therefore, the occurrence of VCF in
L4 increases with age, indicating that the L4 vertebra is most affected by deterioration due to
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osteoporosis. We can regard VCF in L4 as a threshold of the degree of osteoporosis in a sense and as an
indicator of the probability of suffering another osteoporotic fracture, including VCF.

In 2001, the United States National Institutes of Health (NIH) stated that osteoporosis is a bone disease
causing a decrease in bone strength, resulting in an increase in fracture risk. Bone strength comprises two
essential factors: bone mass and bone quality. The auxiliary method of quantitative CT (QCT)
measurement of BMD combined with the �nite element model to analyze bone strength may be more
effective than a single method in preventing and treating osteoporotic VCF.

Twenty-one percent of women with osteoporosis experience one or more osteoporotic fractures, and they
can suffer an additional fracture within one year after vertebroplasty [20]. Physicians who perform
vertebroplasty should inform patients with osteoporosis that they may experience fracture again within a
year. Our study showed that the proportion of multisegment fractures was 20.68%, which is in
accordance with the data above. The P values of the comparisons of the proportions of single-segment
fractures and multisegment fracture in each age group were > 0.05, with no statistical signi�cance.
However, we found that the rate of multisegment fractures increased with age, as shown in Table 2.
Lindsay et al. [21] found that once osteoporotic VCF occurs, there is a high risk of additional fracture in
the future. The main risk factor is underlying osteoporosis. The rates of single and multiple VCFs increase
with age, and the osteoporosis condition deteriorates. Considering the understanding of the progress
trend of osteoporotic fractures, it is possible to prevent the occurrence of VCF.

Since this study was limited to inpatients in the Department of Spinal Surgery in the First Hospital of Jilin
University, there may be bias in the structural composition of the study population; therefore, the sample
size should be increased in a future in-depth study. In conclusion, there are certain rules to follow for
VCFs in patients over the age of 50. Further research and knowledge can improve the ability to prevent
and treat VCFs.

Conclusions
As affected by individualized stress mechanisms of different vertebras and degree of osteoporosis,
thoracolumbar VCFs have different characteristics that could assist physicians in carefully selecting
treatment regimens to reduce pain and complications and improve the quality of life of patients.
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