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Abstract
Introduction and objective. Vertebral compression fractures (VCFs), which are a complication of osteoporosis, often cause 
diagnostic and therapeutic difficulties. The aim of this study was to find association between the characteristics of VCFs 
and the symptomatic status of patients.  
Materials and method. The study involved a total of 437 women with diagnosed postmenopausal osteoporosis (193 with 
at least one compression fracture and 244 without VCFs). To identify VCFs, all patients underwent morphometry using 
dual-energy X-ray absorptiometry. Based on the history of VCFs, subjects were divided into two groups: with symptomatic 
(n=59) and asymptomatic (n=134) VCFs.  
Results. Each patient had, on average, 2.03 ± 1.50 VCFs. Patients with VCFs were older [p<0.001] and shorter [p<0.001] than 
those without VCFs. VCFs located in the thoracic spine and the lumbar spine occurred with similar frequency (p=0.112). 
Multiple fractures in both spine segments (50.13%) were more frequent than fractures limited to only one section of the 
spine, either thoracic (22.76%) or lumbar (27.11%). The decreasing number of subjects was exponentially associated with 
the increasing number of VCFs (p<0.001). Symptomatic patients compared to asymptomatic patients had a higher serum 
concentration of 25-hydroxyvitamin D, and lower serum activity of alkaline phosphatase (p<0.01; p<0.005, respectively). In 
the lumbar spin, the risk of symptomatic VCFs was more than twofold higher compared to asymptomatic VCFs (p <0.001, 
OR=2.57, 95% CI: 1.57–4.19). Symptomatic status depended on the number of lumbar VCFs (p<0.001, OR=2.47, 95% CI: 
1.68–3.63), as well as higher T-score L1-L4 (p=0.009, OR=1.43, 95% CI: 1.09–1.88).  
Conclusions. Patients’ symptomatic status depends on the location and number of VCFs, as well as T-score L1-L4.
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INTRODUCTION

Osteoporosis is a chronic metabolic bone disease, characterized 
by progressive bone loss and greater susceptibility to fracture 
[1, 2]. One of the main types of osteoporotic fractures are 
vertebral compression fractures (VCFs) that occur in the 
thoracic and lumbar spine [3]. According to the Genant 
classification, VCFs can be divided into mild – 1st degree, 
when vertebral body compression is 20–24%, moderate – 2nd 
degree, when compression is 25–39% and severe – 3rd degree, 
when compression reaches at least 40% [4]. Regardless of the 

severity, VCFs can be classified as wedge, biconcave or crush 
fractures [5]. The most common method used to diagnose 
VCFs is the X-ray examination [6]. An alternative method, 
having high sensitivity and specificity, is morphometric 
assessment of the thoracic and lumbar spine using the dual-
energy X-ray absorptiometry [7]. Most of the fractures are 
spontaneous, unrelated to trauma [8], and nearly 70% of 
patients experiencing this type of fracture, report weak or 
non-specific pain or do not feel any pain. The occurrence 
of one vertebral fracture significantly increases the risk of 
subsequent fractures [9].
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OBJECTIVES

The aim of this study was to find an association between 
the characteristics of osteoporotic vertebral fractures and 
the symptomatic status of patients. Finding this type of 
relationship could improve the diagnosis of VCFs and 
accelerate the start of osteoporosis treatment.

MATERIALS AND METHOD

A total of 437 postmenopausal women were recruited 
for the study (193 with at least one vertebral fracture and 
244 without diagnosed vertebral fractures). Patients were 
hospitalized in the bone metabolic department or remained 
under the care of an osteoporotic clinic. Study inclusion 
criterion was diagnosed postmenopausal osteoporosis 
[10]. All patients with: 1) the presence of severe scoliosis or 
overlapping of calcifications or structures of the mediastinum 
and abdominal cavity (which preclude identification of the 
borders of many vertebral bodies), 2) suspected or diagnosed 
secondary osteoporosis, including post-steroid, and 3) high-
energy, non-osteoporotic vertebral fractures, were excluded 
from the study.

Patients’ height and weight were measured in a standing 
position, without shoes. Height was measured using a 
stadiometer with 1  mm accuracy and weight measured 
by means of a calibrated digital electronic weighing scale 
with an accuracy of ±100 grams. VCFs were identified 
by performing morphometry, using dual-energy X-ray 
absorptiometry of Horizon W bone densitometer (Hologic, 
Inc., Bedford, MA, USA). Osteoporosis was diagnosed using 
bone mineral density (BMD) measurements in lumbar spine 
and hip [11]. To ensure repeatability of measurements, all 
tests were performed by the same qualified person, using 
the same densitometer. The device was calibrated once a 
day with the spine phantom. Vertebrae from Th6 – L4 were 
assessed. Pathological lateral curvatures of the spine and 
the overlapping of mediastinal structures (calcification and 
fibrosis in the bronchial tree) and abdominal organs (gas-
filled intestinal loops) on the vertebral bodies, can limit 
visualization of the vertebral borders [12]; therefore, if there 
were doubts about the presence of a vertebral fracture or 
the degree of fracture, equivocal images were not analyzed. 
Measurements of the anterior, middle and posterior heights 
of the vertebral bodies were performed to determine the type 
and degree of VCFs.

All subjects were asked about their symptoms’ related 
history of VCFs. If the subject did not report a vertebral 
fracture, or if the fracture was diagnosed accidentally, it was 
classified as asymptomatic. The number of asymptomatic 
patients was 134 (69.43%) and the number of symptomatic 
patients was 59 (30.57%). Patients were grouped according 
to the number of fractures, as well as according to their 
symptomatic status. VCFs were classified according to 
their location (thoracic vs. lumbar vs. both), type (wedge 
vs. biconcave vs. crush) and severity (mild vs. moderate vs. 
severe). Serum concentration of calcium, 25-hydroxyvitamin 
D, phosphate and serum activity of alkaline phosphatase 
were measured in all patients.

Statistical analysis. Statistical analysis was performed 
using Statistica TIBCO Software Inc. (data analysis software 

system – version 13.3, 3307 Hillview Avenue Palo Alto, CA, 
USA). Continuous data are presented as mean ± SD and 
categorical data were evaluated in terms of percentage, with 
the evaluation of significance using a structure indicators 
test. For continuous data, depending on the distribution 
of variable, parametric (t-Student test) or non-parametric 
(Kolmogorow-Smirnov test) comparison was performed. 
To determine the type of distribution of a variable, which 
assigns the number of vertebral fractures to the number of 
subjects, the Chi-square test was used. For the differentiation 
of symptomatic and asymptomatic vertebral fractures 
univariate and multivariate logistic regression analysis was 
performed.

RESULTS

The mean age of the study group was 71.54 ± 9.90 years (range 
48–92 years), the mean body weight was 64.1 kg ± 11.51 (range 
35.0–106.7) and the mean BMI was 26.1 kg/m2 ± 4.55 (range 
14.95–44.43). Patients with VCFs vs. patients without VCFs 
were older – 73.93 ± 9.96 years vs. 69.63 ± 10.15 years [p<0.001] 
and had shorter height – 1.56 ± 0.06  m vs. 1.58 ± 0.07  m 
[p<0.001]. The total number of examined thoracic and lumbar 
vertebrae was 2,766 and 1747, respectively. Th6 vertebra was 
visible in 57.7% of subjects, Th7 in 85.7%, Th8 in 94.7%, Th9 
in 97.7%, Th10 in 98.4%, Th11 in 99.3%, Th12 in 99.5%, L1 in 
99.8% and vertebrae from L2 to L4 were visible in all subjects. 
The total number of diagnosed VCFs in thoracic and lumbar 
spine was 191 and 200, respectively. At least one vertebral 
fracture was found in 193 patients (44.16%). The total number 
of fractures in one patient was 2.03 ± 1.50 (max. 8), wherein 
in the thoracic spine was found 1.04 ± 1.13 (max. 6) fractures 
and in the lumbar spine 1.06 ± 1.01 (max. 4) fracture were 
found. There was no difference between the frequency of 
VCFs in the thoracic and lumbar spine (6.91% and 11.45%, 
respectively, p=0.112). 47.67% patients with VCFs suffered 
only one fracture, 74.09% no more than two fractures and 
3.62% had more than five fractures. Among patients with 
VCFs, there was no difference between thoracic and lumbar 
spine in percentage of subjects with at least one fracture 
(63.73% and 66.32%, respectively, p=0.33), no more than 
two fractures (53.37% and 54.93%, respectively; p=0.82), and 
more than two fractures (10.36% and 11.39%, respectively; 
p=0.46). Most fractures were found on the border of the 
thoracic and lumbar spine [13]. L1, Th12 and L2 fractures 
were the most frequent (Fig. 1). Multiple fractures in both 
the thoracic and lumbar spine (50.13% of all fractures) were 
more frequent, compared to fractures limited only to one 
segment of the spine, either thoracic (22.76%) or lumbar 
(27.11%) (Fig. 2).

Biconcave fractures (70.08%) were more frequent than 
wedge (23.27%) and crush fractures (6.65%). In correlation 
with the severity of the fracture, without division into 
segments, moderate fractures (48.85% of total fractures) 
were more frequent than mild (35.04%) and severe fractures 
(16.11%). There was no difference in the frequency of mild 
(p=0.474), moderate (p=0.463), severe (p=0.450), wedge 
(p=0.229), biconcave (p=0.227) and crush (p=0.370) fractures 
between the thoracic and lumbar spine.

Asymptomatic fractures and symptomatic fractures 
accounted for 59.80% and 40.20% of total VCFs, respectively. 
There was no association of symptoms with the presence 
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of VCFs in individual locations for any of the vertebrae 
from Th6 – L4, but for the entire lumbar spine the risk 
of symptomatic fractures increased by more than twofold 
than asymptomatic fractures (p<0.001, OR=2.57, 95% CI: 
1.57–4.19). There was no differences in the frequency of 
mild (p=0.118), moderate (p=0.374), severe (p=0.390), 
wedge (p=0.337), biconcave (p=0.336) and crush (p=0.482) 
fractures between symptomatic and asymptomatic patients. 
The presence of fracture symptoms depended on the number 
of lumbar VCFs (p<0.001, OR=2.47, 95% CI: 1.68–3.63), but 
not for VCFs in the thoracic spine. Patients with symptomatic 
fractures were characterized by higher T-score L1-L4 
(p=0.009, OR=1.43, 95% CI: 1.09–1.88).

Using multivariate logistic regression analysis, a statistically 
significant model was created (p<0.01) which confirmed that 
the presence of fracture symptoms depends on the location 
of VCFs in the lumbar spine (OR=1.84, 95% CI: 1.36–2.93), 
the number of lumbar VCFs (OR=1.58, 95% CI: 1.23–2.38), 
and the T-score L1-L4 (OR=1.32, 95% CI: 1.03–1.64)

Among symptomatic patients, a higher serum concentration 
of 25- hydroxyvitamin D (48.64 ng/ml ± 14.24) and lower 
serum activity of alkaline phosphatase (65.16 U/l ± 20.48) was 
found, compared to asymptomatic patients (39.08 ng/ml ± 
16.34 and 79.37 U/l ± 24.24, respectively) (p<0.01; p<0.005, 

respectively). There was no difference between symptomatic 
and asymptomatic patients in the serum concentration of 
calcium and phosphate.

The decreasing number of subjects was exponentially 
associated with the increasing number of VCFs (p<0.001) 
(Fig. 3).

DISCUSSION

The study demonstrated a significant association between 
symptomatic status, location and number of lumbar VCFs. A 
slightly higher percentage of patients with present VCFs in the 
study group compared to the values   reported in the literature 
[14, 15], can be explained by the specific characteristics of 
the study group. Patients often had severe, clinically apparent 
osteoporosis and numerous fractures. Densitometric 
morphometry, used for the diagnosis of fractures, is also 
more sensitive for mild fractures than conventional X-ray 
examination [16].

The study showed that the location of fractures can have 
important clinical implications. Due to similar occurrence 
of VCFs in the thoracic and lumbar spine, it is important to 
consider diagnostic imaging of both spine segments when a 
compression fracture is suspected. This is the advantage of 
densitometric morphometry in the preliminary diagnosis 
of VCFs [17], because this method allows the examination 
of both spine segments [18] simultaneously, with routine 
BMD assessment. Furthermore, compared to classic X-ray 
examination, densitometric morphometry is associated with 
significantly less exposure to ionizing radiation [17].

The exponentially decreasing number of patients with an 
increasing number of fractures can be associated with the 
use of anti-osteoporotic therapies and reduction of the risk 
of fractures [19–21]. This hypothesis can confirm a higher 
serum concentration of 25-hydroxyvitamin D and lower 
serum activity of alkaline phosphatase, demonstrated by 
the authors in symptomatic patients [22, 23]. Furthermore, 
worse mental status and physical quality of life among 
patients with osteoporosis [24] and previous VCFs [25] 
could lead to reduced physical activity, limiting the risk of 
falls and further fractures. Changes in the biomechanics 
of the spine, observed among patients with previous VCFs, 
could be significant determinants of the subsequent VCFs 
[26]. Further investigations are required to look for other 

Figure 3. Exponentially decreasing number of subjects associated with the 
increasing number of vertebral fractures

Figure 1. Distribution of compression fractures in vertebral bodies

Figure 2. Distribution of compression fractures in spine segments
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factors that reduce the incidence of multiple fractures and 
are responsible for such a strictly mathematical relationship.

Because of the more frequent coexistence of VCFs 
simultaneously in the thoracic and lumbar spine, it can be 
concluded that the appearance of a first vertebral fracture 
increases the risk of a subsequent fracture [27, 28], and 
simultaneously, as described above, there are factors that 
significantly reduce the risk of multiple fractures. The study 
showed that symptomatic fractures are more common in 
the lumbar spine and that the presence of symptoms is 
associated with the number of VCFs in the lumbar spine 
[29]. Such relationships have not been demonstrated for the 
thoracic spine. Patients with a higher value of the T-score 
in the lumbar spine significantly more often experienced 
symptomatic VCFs. Despite the well-documented association 
between low BMD and an increased risk of VCFs [30–33], 
the occurrence of symptoms in the current study probably 
depended on concentrating the same mass of vertebral bone 
tissue in a smaller volume due to a fracture, resulting in an 
increase of mineral density and the T-score. This hypothesis 
requires further investigation.

Study limitations. Not all patients answered the question 
about previous VCFs; therefore, the total number of fractures 
classified as symptomatic or asymptomatic was lower than the 
total number of diagnosed fractures (301 vs. 391, respectively). 
Another limitation was that densitometric morphometry 
used to diagnose VCFs. Although the compatibility of this 
method with conventional radiography can reach high 
agreement [34], the ‘gold’ standard in the diagnostics of 
VCFs remains the X-ray examination.

CONCLUSIONS

The study shows a strictly mathematical, exponential 
relationship regarding the number of patients assigned 
to the number of VCFs. In the lumbar spine, the risk of 
symptomatic fractures was more than twofold higher 
compared to asymptomatic fractures. Patients’ symptomatic 
status also depended on the number of fractures in the 
lumbar spine and T-score L1-L4. Symptomatic patients had 
higher serum concentration of 25-hydroxyvitamin D and 
lower serum activity of alkaline phosphatase, compared to 
asymptomatic patients. The obtained results may be helpful 
in the diagnosis of VCFs.

Ethical aspects. Research protocols were approved by 
the Ethics Committee of the Centre for Postgraduate 
Medical Education in Warsaw (No. 64/PB/2018). The study 
complied with the 1964 Declaration of Helsinki with its later 
amendments. All participants received detailed instructions 
regarding the protocols and written consent was obtained 
from all patients.
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