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To investigate the changes in respiratory function of COPD patients with osteoporotic

vertebral compression fractures (OVCFs) after kyphoplasty (KP). Pain scores, pulmonary

function parameters (PFT), and local kyphotic angle (LKA) were measured in 31 older

patients (25 women, 6 men) with OVCFs before, 3 days after and 3 months after kyphoplasty.

The preoperative and postoperative (3 days, 3 months) PFT parameters were as follows: %

pred FVC, 74.33 6 12.35, 85.23.8 6 13.23, and 84.86 6 14.01; % pred FEV1, 60.23 6 11.2, 60.02

6 11.90, and 60.78 6 12.70; FEV1/FVC ratio (%), 68.22 6 16.74, 59.56 6 13.23, and 60.77 612.28,

% pred MVV 52.46 6 14.37, 55.23 6 15.68, and 62.12 6 14.48, respectively. The preoperative

mean VAS score was 8.01 6 1.41 and significantly decreased to 2.52 6 0.89 and 2.34 6 0.78 at 3

days, 3 months after kyphoplasty, respectively. The preoperative local kyphotic angle degree

was 21.96 6 5.758, significantly decreased to 13.48 6 6.128 3 days after KP, and maintained 3

month after KP. The decrease in the VAS scores correlated with the PFT parameters;

however, there were no significant correlations between the PFT parameters and the LKA,

the VAS scores and the LKA. Kyphoplasty under local anesthesia is a safety treatment for the

COPD patients with OVCFS, and is able to improve the lung function impaired by OVCFs.
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Osteoporotic vertebral compression fractures
(OVCFs), which are the most common com-

plication of osteoporosis, especially in older women,
are steadily increasing due to the aging population.
Patients with OVCFs often suffer back pain and the
collapse of the fractured vertebral body can lead to
spinal kyphosis. Kyphosis has been linked to poor
pulmonary function and an increased risk of mor-
tality. Schlaich et al1 reported that pulmonary
function is reduced in patients with spinal osteopo-
rotic fractures in that both their vital capacity (VC)
and forced expiratory volume were significantly
diminished. Harrison et al2 reported reductions in
vital capacity (VC) in OVCFs patients, with values
ranging from 68% to 94% of predicted values. And
the declines in pulmonary function were correlated
with the degree of kyphosis.

The prevalence of osteoporosis in older patients
with chronic obstructive pulmonary disease (COPD)
is reported to be much higher than that in the age-
matched elderly patients.3,4 The mechanisms of
osteoporosis in COPD remain controversial. Less
improvements in functional exercise capacity due to
poor pulmonary function is associated with osteo-
porosis,5 and the pathogenic mechanisms in COPD
is strongly interact with vitamin D deficiency.6

Kyphoplasty is a minimally invasive procedure
to restore vertebral body anatomy, and internally
stabilize OVCFs.7 Unlike vertebroplasty (VP), before
the injection of PMMA a balloon is inserted into the
vertebral body, leading to compression of cancellous
bone, creation of a cavity, and if possible, realign-
ment of the endplate of the vertebral body. After
removal of the bone tamp, the injected PMMA fixes
and stabilizes the fracture. Kyphoplasty not only has
the advantage of improving or restoring vertebral
height and kyphotic deformities, but can also
decrease cement leakage and reduce the occurrence
of new fracture.8 In a latest research, 45 patients who
suffered osteoporotic fractures with middle column
compromise were treated by BKP, the mean VAS
improved significantly from pre- to postoperation (P
, 0.05), and this improvement was sustained at the
final follow-up which the mean follow-up period
was 20.2 months.9 Maestretti et al10 reported a long
follow-up about 10 years of kyphoplasty showing
very good clinical and radiologic results.

Yang et al11 reported KP could partially improve
the impaired lung function in patients with OVCFS,
Dong et al12 reported an improvement of pulmonary
function after both VP and KP. VP could improve
restrictive ventilatory impairment in patients with
moderate and severe COPD affected by OVCFs.13

There are few studies that evaluate the effect of
deformity correction on the changes of respiratory
function in COPD patients after KP. This study
investigated the changes of respiratory function,
spinal deformity, and pain scores in COPD patients
with OVCFs after KP. It also attempted to find if the
changes of pulmonary function are related to the
spinal deformity correction and pain scores.

Materials and Methods

Patients

Thirty-one older patients affected by COPD [ac-
cording the definition by The Global Initiative for
Chronic Obstructive Lung Disease (GOLD)]14 with a
total of 34 OVCFs in the thoracolumbar segment
(T9:5; T11:7; T12:9; L1:9; L2:4) were studied. All
fractures led to severe back pain that was resistant to
conservative treatment. Potential subjects were
excluded from participation if they had radicular
pain or neurologic disorders.

Procedures

We explained fully to all patients about the purpose
and procedures and obtained their consent for the
operation. After routine operation preparations, each
patient was given conscious sedation by intravenous
analgesics. Then the patients were placed in the prone
position on a carbon fiber radiolucent C-arm table. All
operations were performed with the help of fluoros-
copy using the C-arm percutaneously and under local
anesthesia. KP procedures were performed by stan-
dard techniques. No operation was stopped because
of the patient’s intolerance of the procedure. The
duration of the whole procedure was approximately
25–30 minutes. Each patient was mobilized 4 hours
after the operation and all the patients were dis-
charged on the next day (some of them were
transferred to the physiotherapy departments).

Evaluation of pain

Pain intensity was evaluated on a visual analog
scale (VAS) of 0 ¼ no pain to 10 ¼ severe pain. This
test was done before kyphoplasty, 3 days after
kyphoplasty, and 3 months after kyphoplasty.

Radiographic measures

The patients were tested 3 times—preoperatively and
postoperatively after 3 days and 3 months after
kyphoplasty—to obtain radiographs. All X-ray films
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were taken using standard radiographic techniques

with the subject standing with her hands resting on a

bar in front of the subject at shoulder level. The

kyphosis were described by local kyphosis angle

(LKA) in our study, the LKA was determined by the

Cobb angle method on lateral radiographs, as the

angle between the upper endplate of the uninvolved

vertebra above the fractured level and the lower

endplate of the uninvolved vertebra below the

fractured level. The collapse of the fractured vertebral

body can lead to an increase in LKA (Fig. 1; Fig 2).15

Pulmonary function tests

Percent predicted forced expiratory volume in 1
second (% pred FEV1), % predicted forced vital
capacity (% pred FVC), % predicted maximum
voluntary ventilation (% pred MVV), FEV1/FVC
ratio were selected as the parameters of pulmo-
nary function. The parameters of each patient
were measured 3 times during different periods—
before, 3 days after, and 3 months after operation
by the same pulmonary function laboratory
technician.

Fig. 1 The LKA was measured from the upper endplate of the uninvolved vertebra above the fractured level to the lower endplate of

the uninvolved vertebra below the fractured level.

Fig. 2 The LKA was improved and the

height of the vertebra was restored after

KP.
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Statistical analysis

All data were expressed as mean 6 standard
deviation (SD). Paired t tests were used to compare
parameters of patients before and after KP. The
correlations between the decreased values of VAS
score and the improvement of respiratory function,
the local kyphotic angle, and the parameters of
pulmonary function were evaluated by Pearson
correlation test. The results were considered signif-
icant when a P value was less than 0.05. All statistics
were performed using SPSS 19.0 software (SPSS Inc,
Chicago, Illinois).

Results

Characteristics of patients

Three months of follow-up were completed for all 31
patients. Mean values of age, height, arm span, and
weight of the patients are presented in Table 1. The
mean measured height of subjects was 156.7 cm and
the mean arm span was 158.7 cm, representing, on
average, a 2.0-cm reduction of height in patients.

Pain and radiographic measures

According to the measurements 3 days after
operation, pain evaluation, and spinal sagittal

alignment improved significantly. Mean improve-
ment in LKA was 8.198. The mean vertebral body
height restorations of the anterior, middle, and
posterior portions of the vertebral body were 4.20,
4.61, and 1.1 mm after KP. Three months after the
procedures, the kyphosis restored had not changed.
All patients experienced pain relief after the
operations. The preoperative mean pain score was
8.26, whereas it decreased to 2.77 after 3 days after
KP. Three months after KP, the mean pain score
continued to improve compared with the 3 days
postoperative recording (P , 0.05).

Changes of pulmonary function

There was a statistically significant difference in the
mean values of FVC and MVV between before and 3
days after operation. Additionally, there was a
significant difference in the mean value of % pred
MVV between 3 days and 3 months after KP,
whereas there was no difference in % pred FVC.
The % pred FEV1 did not change significantly
throughout the follow-up. The results of the
respiratory function measures are presented in Table
2.

Correlation analysis of pulmonary function

Pearson correlation analysis revealed that the
decrease in the VAS score correlated with the
improvement of % pred FVC and % pred MVV 3
days after KP. However, 3 months later, the
correlation between the decrease in VAS score and
the changes in lung function parameters was no
longer significant (Table 3). The VAS values had no
significant correlation with the LKA. LKA did not
have a significant correlation with any parameters of
pulmonary function.

Table 2 Changes of pulmonary function, pain score and LKA degree

Variable

Pre-operation
3 days

after KP
3 months
after KP

Mean SD Mean SD Mean SD

% pred FVC(%) 74.33 12.35 85.23* 13.23 84.86 14.01
% pred MVV (%) 52.46 14.37 55.23* 15.68 62.12** 14.48
% pred FEV1 (%) 60.23 11.22 60.02 11.90 60.78 12.70
FEV1/FVC(%) 68.22 16.74 59.56* 13.23 60.77 12.28
VAS score 8.01 1.41 2.52* 0.89 2.34** 0.78
LKA (8) 21.96 5.75 13.48* 6.12 13.56 6.33

KP, kyphoplasty.

*Significant difference at P , 0.05 compared with pre-
operation.

**Significant difference at P , 0.05 compared with 3 days after
KP.

Table 3 Correlation of the decreased values of pain scores and the

improvement of pulmonary function

Variable

3 days
after KP

1 month
after KP

1 month
after KPa

r P r P r P

FVC 0.4866 0.0055* 0.3722 0.0843 �0.1862 0.6433
FEV1 0.2470 0.1803 �0.0942 0.1322 0.0732 0.7215
MVV 0.3691 0.0410* 0.1982 0.2852 �0.0445 0.8122
FEV1/FVC 2.2340 0.2051 �0.1542 0.4561 �0.0232 0.4366

*Significant correlation at P , 0.05.
aCompared with 3 days after operation.

Table 1 Characteristics of patients

Variable Mean SD Range

Age (y) 71.2 6.3 61–83
Height (cm) 157.3 5.5 148.2–169.3
Arm span (cm) 160.1 5.7 150.3–171.1
Weight (kg) 59.5 7.8 48–72
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Discussion

Previous studies confirmed that the patients with
COPD are often more likely to suffer from osteopo-
rosis and subsequent vertebral fracture.3 Kyphosis
and back pain due to OVCFs may reduce the
patient’s chest cavity, and respiratory muscle
strength, further compromising lung function.4

Prevention of OVCFs can delay COPD progression
reducing mortality in elderly patients with COPD.

Rapid regression of pain, restoration of vertebral
kyphosis and less cement leakage are especially
important advantages of KP.8 BKP improves patient
quality of life and results in a significantly reduction
in LKA.11,12,16 Although KP poses low surgical risk,
the elderly patient population presents substantial
anesthetic risk because of multiple comorbidities.
COPD is one of the most common and severe
comorbidities that require careful preoperative
medical assessment and optimization.17 Some au-
thors have used general anesthesia pointed out that
this form of anesthesia was chosen because it was
felt that the elderly patient would not tolerate prone
positioning.18,19 Imani et al20 reported a cardiorespi-
ratory compromised patient suffering painful ver-
tebral compression fracture, after kyphoplasty
under local anesthesia made by lidocaine 1%, the
pain was decreased quickly the patient was dis-
charged next day with overall good condition and
without any neurologic complications. Cagli et al21

studied 91 patients with a mean age of 67 who
underwent kyphoplasty or vertebroplasty under
local anesthesia, they pointed out that elderly
patients can therefore be protected from the com-
plications of general anesthesia and mobilized and
discharged earlier and KP may be performed on an
outpatient basis under local anesthesia with mini-
mal sedation. In our study, all operations were
completed under local anesthesia without any
intolerance of the patients. No complications of
anesthesia were occurred during the follow-up.

In accordance with these studies,12,22 our study
has shown that KP could deliver a good result of
pain reduction with a significantly decrease of VAS
score and LKA degree 3 days after the operation,
and without further significant modification 3
months later. Three days after the procedures FVC
and MVV were significantly increased, and MVV
went on to improve remarkably 3 months after the
procedures. VC and FEV1 values did not change
significantly over the whole follow-up period. It is
known that MVV is partially dependent on respira-
tory muscle strength and endurance. In another trial

of COPD patients, Masala et al13 observed a
progressive improvement of spirometric parameters
such as VC and FVC 1 week after VTP, with further
gradual improvement over the entire follow-up
period.

Obviously, pain relief and improvement of
mobility and function after KP is immediate.22 In
our study the improvement in pulmonary function
was related to the decrease of VAS values signifi-
cantly. Three days after KP, the relative pulmonary
parameters were FVC and MVV. Yang et al11 also
showed that the improvement in pulmonary func-
tion was affected by pain reduction. They pointed
out that back pain was relieved after KP, which
could have helped improve the strength and
endurance of the respiratory pump. In our view-
point, the FEV1 and FVC values reflect the respira-
tory muscle strength while the MVV values reflect
the respiratory muscle endurance.23 Because of back
pain, all patients in our study were unable to change
their positions even in bed by themselves and to
take a deep breath. According to a recent study of
the relationship between the pain and the voluntary
control of respiration, pain ratings were significantly
lower during inspiration compared with expira-
tion.24 When asked to do deep breathing, COPD
patients with severe back pain still can take the
forced expiration in 1 second, which may be normal
as usual, but had a limited respiration function
throughout the whole process due to the pain. So,
the limitation could be treated by the pain relief.
That may explain that the FEV1 did not change
significantly during the follow-up, and the improve-
ment of FEV and MVV were related to the decrease
of pain significantly after 3 days. After 3 months,
although both MVV and pain values improved
compared with 3 days, the correction between the
decrease of VAS score and the improvement of MVV
is not significant. Patients were encouraged to have
more activity, which may play a more important role
in the enhancement of respiratory muscle endurance
than pain relief 3 months later. Although the FEV1/
FVC decreased immediately after the kyphoplasty, it
suggested that the mechanism leading to an
improvement in pulmonary function is more likely
to be a correction process of restrictive lung
disease.25

The radiographic outcomes showed a restoration
the height of the vertebral body and a decrease of
kyphosis after KP. There is an argument about the
relationship between the back pain and the severity
of the kyphosis.11,12,26 Our study supported that
LKA did not have a significant correlation with the
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VAS score. Meanwhile, the decrease of LKA did not
have a significant correlation with any parameter of
pulmonary function. In another trial of 72 patients
(85 vertebrae) who underwent percutaneous verte-
broplasty for thoracic osteoporotic compression
fractures,21 pulmonary function was improved and
pain was relieved immediately after vertebroplasty
although the kyphotic deformity was not corrected.
Some studies27,28 also supported that the reduction
of pulmonary function is not related to the spine
deformity.

Regarding the use of KP, in addition to the
considerations listed above, KP procedure could
improve the quality of life compared with conser-
vative therapy, and has a further advantage in terms
of height restoration and decrease of cement
leakage, but has a higher overall coat compared
with VP.29 Although the correction of kyphosis
seemed to be irrelevant with the pulmonary
function, patients with less kyphosis could obtain
more benefit such as increased activity and lower
incidence of other complications.30,31

In conclusion, although the most important goal
of KP is to alleviate pain, this study clarified that KP
also improve the impaired lung function which is
directly related to the mortality and the quality of
life of the COPD patients. KP effectively improved
back pain and the improvement of pulmonary
function correlated with pain relief. And the
correction of kyphosis after KP is immediate and
sustained, it is considered an irrelevant factor or of
the improvement in pulmonary function and pain
condition.
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