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The Influence of Restrictive Pulmonary
Dysfunction on Osteoporotic Thoracic Vertebral
Fractures
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Study Design: A cross-sectional study.

Purpose: To examine the influence of restrictive pulmonary dysfunction on osteoporotic thoracic vertebral fractures.

Overview of Literature: Osteoporotic thoracic vertebral fractures generally result in an increased kyphotic angle, which in turn may
lead to pulmonary function impairment. Impaired pulmonary function could be associated with vertebral fractures. However, an asso-
ciation between osteoporotic thoracic vertebral fractures and pulmonary function remains controversial.

Methods: A total of 96 patients were enrolled in this study, 30 of whom had osteoporatic thoracic vertebral fractures (group 1), 30
with chronic back pain (group 2), and 36 with chronic pulmonary diseases (group 3). Radiologic study of prevalent vertebral fractures,
thoracic kyphotic angle, bone mineral density, relaxed expiratory vital capacity, forced vital capacity (FVC), and forced expiratory vol-
ume in 1 second (FEV1) in spirometry was investigated.

Results: The mean FVC and FEV1 were 75.66%+20.23% and 79.93%+22.48%, respectively, in group 1; 84.50%+16.25% and
91.87%=+21.65%, respectively, in group 2; and 91.64%+17.53% and 91.03%=+23.71%, respectively, in group 3. Group 1 (patients
with osteoporotic thoracic vertebral fracture) had the lowest FVC among the three groups (p=0.01). Group 1 revealed worse result of
pulmonary dysfunction than group 3 (patients with chronic pulmonary diseases) (p=0.01). The average kyphosis angle of the thoracic
spine was 26.95°+15.17°, 36.47°+20.08°, and 28.58°+10.58° in groups 1, 2, and 3, respectively. There was a negative correlation be-
tween thoracic kyphosis and FEV1 (-=-0.309, p=0.01).

Conclusions: The results suggest that osteoporotic thoracic vertebral fracture burden could be affected by restrictive pulmonary dys-
function.
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Introduction of osteoporosis. The progressive collapse of the fractured

osteoporotic vertebral body generally results in an in-

As the population ages, the incidence of osteoporosis- creased kyphotic angle, which in turn may lead to distur-

related complications continues to increase. Vertebral bances in pulmonary function. Spinal kyphosis may cause
compression fracture is the most common complication restriction of pulmonary function [1].
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Pulmonary dysfunction may be associated with verte-
bral fractures. Prevalence of vertebral fractures in patients
with chronic obstructive pulmonary disease (COPD) has
been reported to be 24%-79% [2-8]. Again, the results
widely vary depending on demographic data and severity
of pulmonary dysfunction of study subjects.

In previous studies investigating the relationship be-
tween vertebral fractures and bone mineral density (BMD)
in patients with COPD, BMD was not a good predictor of
vertebral fracture. Watanabe et al. [9] reported that 79.4%
had prevalent vertebral fracture whereas only 38.8% had
BMD-defined osteoporosis (T<2.5) in 136 Japanese pa-
tients. This result suggested the involvement of BMD-
independent mechanisms in COPD patients.

In few studies that analyzed respiratory capacity, an
increased thoracic kyphotic angle was found to influ-
ence a decline in inspiratory and vital capacity (VC) [10].
Leech et al. [11] reported that modest decline in VC was
associated with the degree of kyphotic deformity and the
number of thoracic vertebral fractures resulting from spi-
nal osteoporosis [12]. Although kyphotic deformity of the
spine is a well-recognized complication of osteoporotic
vertebral fractures, there is less interest in its concomitant
association with pulmonary dysfunction. In addition, the
association between osteoporotic vertebral fractures and
pulmonary function remains controversial. This study
aimed to examine the influence of restrictive pulmonary
dysfunction on osteoporotic thoracic vertebral fractures.

Materials and Methods

Between January and December 2018, 96 patients who
had lateral plain radiograph of the thoracic and lumbar
spine, bone densitometry, and spirometry were enrolled
in the study. All patients were divided into three groups,
i.e., 30 patients with osteoporotic thoracic vertebral
fractures (group 1), 30 patients with chronic back pain
without osteoporotic vertebral fractures (group 2), and 36
patients with chronic pulmonary diseases (group 3). Ver-
tebral fracture was diagnosed by radiograph and magnetic
resonance imaging. In group 1, two patients had fracture
at T8, four at T9, seven at T10, nine at T11, and eight at
T12. In group 2, chronic back pain was defined as an up-
per back pain in the thoracic spine area that persists for 12
weeks or longer, even after an underlying cause of acute
upper back pain had been treated. In group 3, chronic
pulmonary disease was defined as a type of disorder that
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affects the lungs and other parts of the respiratory system
diagnosed by a medical physician; 24 patients had COPD,
four had asthma, and eight had other lung conditions. In
particular, four patients with asthma were treated with
steroids. However, there was no significant difference in
mean T-score of BMD between asthma patients (-2.2)
and chronic pulmonary disease patients (-2.1). Patients
who had acute back pain caused by injury, pathologic
fractures, spinal infection, and metastatic cancer were
excluded. The average age of patients in group 1 was
73.97+14.26 years with five males and 25 females. The
average age of patients in group 2 was 73.73+7.96 years
with five males and 25 females. The average age of patients
in group 3 was 72.67+7.02 years with six males and 30
females. Body mass index (BMI) was 23.03, 22.79, and
23.21 kg/m’ in groups 1, 2, and 3, respectively. No signifi-
cant differences were found in age, sex, or BMI among the
three groups (p>0.05) (Table 1). The study was exempted
from the requirement to obtain informed consent from
the subjects. This study was approved by the Institutional
Review Board at the Kwangju Christian Hospital (KCH-
M-2020-03-002).

BMD, spine radiography, and spirometry were ex-
amined. BMD was measured using dual-energy X-ray
absorptiometry (Lunar iDXA Fan Beam; GE Healthcare,
Chicago, IL, USA) in the lumbar spine because some
patients had hip arthroplasty or compression hip screw.
The L1-14 region was measured unless focal artifacts
require exclusion of individual vertebra. Measurements
of the lumbar spine were analyzed in accordance to the
manufacturer’s recommendations. All patients underwent
whole spine lateral radiograph in a standing position as
the standard method, which was performed in an average
of 3.1 months after the development of fracture in group
1. At this time, fracture-related pain had no specific influ-
ence on the standing posture. To measure the thoracic
kyphosis angle, a perpendicular was extended from a
line drawn through a superior landmark marking from
T4 and an inferior marking of T12. The mean values of
thoracic kyphosis were determined and compared among
the three groups. For evaluation of respiratory function,
flow volume was measured using an electronic spirometry
(Platinum Elite; MGC Diagnostics, Saint Paul, MN, USA).
In group 1, fracture-related pain was improved by wearing
braces in an average of 3.1 months after the development
of fracture. At this time, the brace and fracture-related
pain there had no specific influence on the sitting posture.
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Table 1. Comparison of basic data among three groups

Relaxed expiratory VC, forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV1), forced expiratory
flow (FEF), forced inspiratory vital capacity (FIVC), and
FEV1/FVC ratio were used as parameters of pulmonary
function. All tests were conducted by the same laboratory
technician.

PASW SPSS for Windows software ver. 18.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses. A
general linear model was used to evaluate the association
between osteoporotic vertebral fractures and indepen-
dent variables such as sex, age, BMI, and BMD. Analysis
of variance test was used to determine a significant rela-
tionship among the three groups in terms of pulmonary
function test and thoracic kyphotic angle. Results were
expressed as meanststandard deviations. Pearson’s cor-
relation was used to determine a significant relationship
between osteoporotic vertebral fracture and thoracic ky-
photic angle, relaxed expiratory VC, FVC, and FEV1. A
p<0.05 was considered statistically significant.

Results

Mean age, FVC, and FEV1 were 73.97 years, 75.66%+20.23%,
and 79.93%+22.48%, respectively, in group 1; 73.73
years, 84.50%%16.25%, and 91.87%+21.65%, respec-
tively, in group 2; and 72.67 years, 91.64%+17.53%, and
91.03%+23.71%, respectively, in group 3. No significant
difference was found in age, sex, and BMI among the three
groups (p>0.05) (Table 1). Group 1 had the lowest FVC
among the three groups (p=0.01). Group 1 revealed worse
result of pulmonary dysfunction than group 3 (p=0.01)
(Table 2).

The average kyphosis angle of the thoracic spine was
26.95°+£15.17°, 36.47°+20.08°, and 28.58°+£10.58° in
groups 1, 2, and 3, respectively. Group 2 had severe tho-
racic kyphosis among the three groups (p=0.01) (Table 3).
Although group 1 had the lowest kyphotic deformity of
the thoracic spine among the three groups, a significant
association was found between osteoporotic thoracic
vertebral fractures and restrictive pulmonary dysfunction
with the lowest FVC (p=0.01). However, there was a nega-
tive correlation between thoracic kyphosis and FEV1 in
all patients regardless of groups (r=—0.309, p=0.01) (Fig.
1).

In addition, fracture-related pain may affect the results
of spirometry. However, FEV1/FVC ratio revealed the best
result in group 2 and the worst result in group 3 (p=0.02).

o Group 1 Group 2 Group3
Characteristic (n=30) (n=30) ) p-value
Gender (male:female) 15 15 15
Age (yr) 739741426 73.73+7.96 72.67+7.02 0.562

Body mass index (kg/m?)  23.03+348  22.79+355 23.21+3.15 0.683

Values are presented as number or meansstandard deviation. Group 1: os-
teoporotic vertebral fracture; group 2: chronic back pain; and group 3: chronic
pulmonary diseases.

Table 2. Comparison of pulmonary function test

Group 2 Group 3
(n=30) (n=30) (n=36)

Group 1

Variable p-value

FVC (%) 756642023  84.50+16.25  91.64+17.53  0.003*
FEV1 (%) 79.93+22.48  91.87£21.65 91.03x23.71  0.081
FEVI/FVC (%)  104.62+12.62 106.67+14.16 ~ 97.69+15.14  0.028%
FEF max (%) 76.66+23.58  79.90+24.67  84.44+26.17  0.451
FIVC (L) 2.09+1.18 2.08+0.52 2.34+0.56 0.325

Values are presented as meansstandard deviation. Group 1: osteoporotic verte-
bral fracture; group 2: chronic back pain; group 3: chronic pulmonary diseases.
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; FEF,
forced expiratory flow; FIVC, forced inspiratory vital capacity.

'p<0.05.

Table 3. Comparison of thoracic kyphotic angle and BMD among three groups

Group 1

Group 2 Group 3
(n=30) (n=30) (n=36)

Thoracic kyphotic angle (°)  26.95+15.17 36.47+20.08 28.58+10.58 0.001*
BMD (T-score) -3.06+1.01  -264+1.05 -2.13+0.99 0.002*

Group 1: osteoporotic vertebral fracture; group 2: chronic back pain; and group 3:
chronic pulmonary diseases.

BMD, bone mineral density.

"p<0.05.

Variable p-value
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Fig. 1. Correlation of between the thoracic kyphosis and FEV1 (r=-0.309,
p=0.01). FEV1, forced expiratory volume in 1 second.
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Group 1 had the lowest BMD (p=0.01) among the three
groups. However, no significant correlation was found be-
tween BMD and pulmonary function parameters (p>0.05).

Discussion

Osteoporotic thoracic vertebral fractures could result in
restrictive pulmonary dysfunction owing to changes in the
thoracic cavity. Thoracic kyphotic deformity may cause
restrictive thoracic movement because of mechanical pain
and changes in the thoracic cavity, thereby impairing pul-
monary function [13]. At the same time, thoracic muscle
mass and strength could affect respiratory function [5].
Although kyphotic deformity of the thoracic spine can
cause pulmonary dysfunction, the relationship between
changes in the thoracic cavity such as kyphotic deformity
and pulmonary dysfunction is complex [1].

The influence of thoracic compression fracture burden
on reduction in inspiratory time is consistent with re-
duced lung volume. Krege et al. [4] reported that thoracic
spine fracture burden significantly reduced lung volume
but not flow, suggesting that thoracic spine fracture bur-
den is associated with restrictive, but not obstructive, lung
disease [5]. This study found that osteoporotic vertebral
fractures of the thoracic spine were associated with sig-
nificant decreases in FIVC and inspiratory time. Leech
et al. [11] described that FVC declined in thoracic ver-
tebral fractures and reported that thoracic compression
fractures with kyphotic deformity resulted in a decline in
VC [14]. On the other hand, Yang et al. [1] reported that
kyphoplasty improved respiratory function, particularly
FVC and maximum voluntary ventilation. Improvement
in thoracic kyphosis could also increase thoracic capacity
and hence improve restrictive pulmonary dysfunction.

A normal thoracic spine should have a slight kyphotic
angle, ranging from 20° to 45°, particularly around 40° in
elderly people. When the roundness of the upper spine
increases past 45 it is called kyphosis. According to our
results, patients with chronic back pain (group 2) had the
highest thoracic kyphotic angle (36.47° of mean thoracic
kyphotic angle). In other words, all three groups had
relatively normal range of thoracic kyphotic angle even
though some cases had hyperkyphosis. However, it was
hard to deny that thoracic kyphotic deformity had influ-
ence on restrictive pulmonary dysfunction because a
negative correlation was found between thoracic kyphosis
and FEV1 in all patients regardless of groups (r=—0.309,
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p=0.01). The increase in kyphotic angle of the thoracic
spine with age was not unexpected, because of associated
changes in BMD and muscular tissues with progression
of years. Osteoporotic thoracic vertebral fractures could
increase the thoracic kyphotic angle progressively with
prevalence of secondary new fractures and its narrow-
ing of the intervertebral discs. In this study, patients with
osteoporotic thoracic vertebral fracture (group 1) had the
lowest BMD (-3.06 of mean T-score). However, BMD
alone is inadequate in evaluating the risk of osteoporotic
fractures [15,16]. Watanabe et al. [5] reported that pulmo-
nary dysfunction was associated with prevalent vertebral
fractures and decreased BMD in Japanese postmeno-
pausal women. These results suggest that it is important
for the elderly to maintain pulmonary function using pul-
monary rehabilitation program, such as health education,
breathing techniques, and constant exercise to keep good
spinal range of motion and strength of the back-extensor
muscle. There are many risk factors for osteoporotic ver-
tebral fractures. Although osteoporotic vertebral fracture
in the thoracic spine could result in declined pulmonary
function, restrictive pulmonary dysfunction might in turn
increase osteoporotic vertebral fracture risk, indicating a
complex bidirectional interaction.

This study had some limitations. First, the demographic
data were nonhomogeneous, particularly BMD of the
study group and the control group. Second, this was a
cross-sectional study. Third, the number of patients was
too small to evaluate multifactorial risks. Fourth, because
lateral plain radiograph of the whole spine and spirometry
were taken at an average of 3.1 months after the fracture,
there was a possibility of changes in variables in the osteo-
porotic thoracic vertebral fracture group, such as thoracic
kyphotic angle, VC, FVC, FEV1, FEF, and FIVC, resulting
from the influence of the fracture itself. However, despite
these limitations, this study provided potential areas for
future research. To achieve more reliability, a prospec-
tive cohort study is needed to investigate the relationship
between osteoporotic thoracic vertebral fractures and re-
strictive pulmonary dysfunction in the general population
in the future.

Conclusions

These results suggest that osteoporotic thoracic vertebral
fracture burden could be affected by restrictive pulmo-
nary dysfunction. It is necessary for osteoporotic thoracic
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vertebral fractures in the elderly to maintain pulmonary
function using pulmonary rehabilitation program, such
as health education, breathing techniques, and constant
exercise to keep good spinal range of motion and strength
of the back-extensor muscle.
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