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Abstract 

Background To date, few reports have evaluated the long-term outcome of percutaneous kyphoplasty (PKP) 
for osteoporotic vertebral compression fractures (OVCFs) and the factors influencing the long-term outcome of this 
procedure are uncertain.

Methods A total of 91 patients underwent PKP for thoracolumbar OVCFs from June 2012 to December 2012. Pain 
Visual Analogue Scores (VAS) and Oswestry Disability Index (ODI) were recorded preoperatively and after 10-year fol-
low-up. Factors that may affect surgical outcome, such as gender, age, height, weight, hypertension, diabetes, cause 
of injury, fracture segment, length of hospitalization, history of previous spinal surgery, preoperative bone mineral 
density (BMD), preoperative VAS and ODI scores, length of surgery, bone cement dosage, postoperative standardized 
anti-osteoporosis treatment, and other new vertebral fractures, were analyzed by multiple linear regression with VAS 
and ODI scores at the last follow-up. The correlation factors affecting the efficacy were analyzed.

Results The preoperative and final follow-up pain VAS was 7.9 ± 1.1 and 2.2 ± 1.1. ODI scores were 30.4 ± 4.2 
and 10.7 ± 2.6. The difference was statistically significant (P < 0.05). Most of the patients were females aged 65–75 years 
who suffered low-energy injuries, with most of the fracture segments in the thoracolumbar region (T11-L2). At 
the final follow-up visit, 12 cases (13.19%) developed other new vertebral fractures, and 33 cases (36.26%) contin-
ued to adhere to anti-osteoporosis treatment after discharge. Multiple linear regression analysis showed that there 
was a statistical difference between gender and VAS score at the last follow-up (P < 0.05), and between age, cause 
of injury and postoperative standardized anti-osteoporosis treatment and ODI at the last follow-up (P < 0.05). There 
were no statistically significant differences between the other factors and the final follow-up VAS and ODI scores 
(P > 0.05).

Conclusion The long-term outcome after PKP is satisfactory. Age, gender, cause of injury, and standardized postop-
erative anti-osteoporosis treatment may be factors affecting the long-term outcome.
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Introduction
Osteoporosis (OP) is an abnormality in bone metabo-
lism and destruction of bone microarchitecture due to 
multiple causes, leading to increased bone fragility and 
fracture risk [1]. Osteoporotic vertebral compression 
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fractures (OVCFs) are spinal fractures that occur under 
minor trauma due to osteoporosis-induced bone loss 
[2]. The main clinical manifestations include widespread 
thoracolumbar back pain that lasts for weeks to months, 
mobility dysfunction, and kyphotic deformity, which 
seriously affects patients’ quality of life. Traditional treat-
ments for OVCFs include bed rest, narcotic analgesic 
applications, braces, and physical therapy. However, 
these traditional therapies negatively affect both muscle 
strength and bone mass and can lead to serious compli-
cations. Percutaneous kyphoplasty (PKP) is the current 
minimally invasive surgical treatment commonly used 
to treat OVCFs [3]. This technique uses percutaneous 
puncture and balloon expansion to reposition the col-
lapsed vertebral body and stabilize the diseased verte-
bral body by bone cement infusion to reduce the pain 
associated with the fracture [4]. It has the advantages of 
short surgical time, little trauma, and early postopera-
tive bed mobility [5], and provides rapid relief of back 
pain in a short period of time. Most studies claim that the 
short-term outcome of this procedure is satisfactory [6, 
7] and patients report significant pain relief, independ-
ence in getting out of bed, and improved quality of life 
after surgery. However, there are few studies on its long-
term efficacy. The purpose of this study is to evaluate the 
long-term efficacy of PKP surgery, to analyze the factors 
that may affect the long-term efficacy of the surgery, to 
determine whether the long-term outcome of the sur-
gery is satisfactory, and to guide clinical treatment by 
understanding the factors that affect the outcome of the 
surgery.

Patients and methods
Patients
From June 2012 to December 2012, a total of 129 OVCF 
patients who underwent thoracolumbar PKP were 
selected from the First Affiliated Hospital of Soochow 
University according to the inclusion and exclusion cri-
teria. Finally, 100 patients were selected for follow-up 
using randomized sampling, and 9 patients were lost at 
the final follow-up; a total of 91 patients were included, 
including 24 males and 67 females, aged 55–86 years.

Selection criteria
Inclusion criteria: (1) preoperative X-ray, CT and MRI 
examination clearly showed that single-segment ver-
tebral compression fracture occurred in the spine, and 
MRI examination showed intravertebral edema, low 
signal in T1-weighted image and high signal change in 
T2-weighted image, and preoperative patients all had 
different degrees of low back pain and local spinous per-
cussion pain; (2) preoperative bone density T value ≤ -2.5 
SD; (3) complete clinical data.

Exclusion criteria: (1) pathological fractures caused by 
malignant tumors (such as breast cancer, prostate cancer, 
etc.); (2) combined spinal cord injury and neurological 
symptoms; (3) combined serious neurological and car-
diopulmonary diseases and other contraindications to 
surgery.

General information
According to the inclusion and exclusion criteria, a total 
of 91 patients were treated, including 24 males and 67 
females. From January 2012 to December 2012, the clini-
cal data of patients with osteoporotic vertebral compres-
sion fractures were retrospectively analyzed. The patients 
were followed up for 10  years. Pain Visual Analogue 
Scores (VAS) and Oswestry Disability Index (ODI) before 
and 10  years after surgery were recorded, such as gen-
der, age, height, weight, hypertension, diabetes, cause of 
injury, fracture segment, length of hospitalization, his-
tory of previous spinal surgery, preoperative bone min-
eral density (BMD), preoperative VAS and ODI scores, 
length of surgery, bone cement dosage, postoperative 
standardized anti-osteoporosis treatment, and other new 
vertebral fractures.

Surgical procedure
The procedure was standardized and the procedure was 
the same for all patients. After general anesthesia, the 
patient was placed in the prone position, routinely dis-
infected and towel dried, the surgical area exposed and 
skin protective film applied. After the fluoroscopy of the 
injured vertebra was correct, the needle was first taken 
into the 1.5  cm near the 10 o ’clock direction of the 
injured vertebra, and the needle was cut longitudinally 
for about 1 cm with a sharp knife. Then the puncture tro-
car passed through the skin, subcutaneous tissue, fascia 
and paraspinal muscle to the pedicle in turn. When the 
needle tip in the C-arm machine fluoroscopic position 
was located in the center of the vertebral arch, and the 
needle tip was located in the center of the lateral verte-
bral arch, the tapping of the needle was continued. When 
the tip of the needle is positioned in the orthogonal view 
of the internal marginal arch and the tip of the needle 
has entered the posterior vertebral body edge in the lat-
eral view and the needle continues to enter about 0.5 cm, 
then the core of the needle is retracted and the working 
cannula, and the working channel edge probes before 
reaching the anterior edge of the injured vertebral body 
and does not penetrate into the bone. After a 2 cm thin 
hole is drilled, a balloon dilator is placed and an appro-
priate amount of contrast material is injected. Similarly, 
the contralateral side of the injured vertebral arch was 
puncturing simultaneously, and after cannula placement 
and balloon dilation, bone cement was prepared. After 
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the cement reached the early mass phase, the puncture 
needle core was removed and the cement was slowly 
pushed in from both sides, stopping when the cement 
approached the posterior wall of the vertebral body. After 
the wound healed completely, the tube was extubated 
and sutured. 1–2  days after the operation, patients are 
recommended to wear a waist girdle to get out of bed 
and perform early rehabilitation training, in addition to 
routinely giving calcium and vitamin D anti-osteoporosis 
treatment.

Observation index and follow‑up
Electronic case data were collected from patients, and 
gender, age, height, weight, hypertension, diabetes mel-
litus, cause of injury, fracture segment, length of hospi-
talization, history of previous spine surgery, preoperative 
BMD, length of surgery, bone cement dosage, postop-
erative standardized anti-osteoporosis treatment, and 
other new vertebral fractures were recorded. The VAS 
score and ODI score were used to evaluate the preopera-
tive status and postoperative efficacy of the patients. The 
preoperative BMD T-value was the mean BMD T-value 
from L1 to L5 measured by our dual-energy X-ray bone 
densitometry. Postoperative standardized anti-osteopo-
rosis treatment: long-term oral calcium and osteopon-
tin after discharge, and regular use of one of zoledronic 
acid, disulfiramab or bisphosphonates on this basis (use 
bisphosphonates with caution in patients with renal dys-
function and zoledronic acid with caution in patients 
with low blood calcium). Final follow-up included tel-
ephone follow-up, outpatient follow-up, and admis-
sion of patients with vertebral re-fractures. Telephone 
follow-up was performed using a uniform questionnaire 
that included current VAS and ODI scores, postopera-
tive functional recovery, receipt of standardized anti-
osteoporotic therapy after discharge from the hospital, 
and incidence of vertebral re-fracture, and patients were 
advised to undergo outpatient follow-up. Outpatient fol-
low-up controls were consistent and included a physical 
examination, frontal and lateral radiographs of the thora-
columbar spine, and an MRI if the patient had recently 
developed pain symptoms.

Statistical methods
SPSS 26. 0 statistical software (SPSS Inc.Chicago, IL) 
was used. Measurements were tested for normality, were 
normally distributed, and are expressed as mean ± stand-
ard deviation (x ̅ ± s), and paired T test analysis was per-
formed for VAS and ODI scores before surgery, 1  day 
after surgery, 1 year after surgery, and at the last follow-
up, and P < 0.05 was considered statistically different. 
Multiple linear regression stepwise selection method was 
used to correlate factors that may affect the outcome, 

such as gender, age, height, weight, hypertension, diabe-
tes mellitus, cause of injury, fracture segment, length of 
hospitalization, history of previous spine surgery, preop-
erative BMD, preoperative VAS and ODI scores, length 
of surgery, bone cement dosage, postoperative standard-
ized anti-osteoporosis treatment, and other new ver-
tebral fractures, with the final follow-up VAS and ODI 
scores, respectively. scores for correlation analysis. All 
tests were two-sided. P < 0.05 was considered a statisti-
cally significant difference.

Results
General information
All 91 patients were followed up for 10  years, of which 
67 were female (73.63%) and 24 were male (26.37%), aged 
55–86  years (68.1 ± 8.0  years). The cause of first admis-
sion for spinal fracture was low energy injury, out of 
which 50 (54.95%) were inadvertent fall while walking 
on level ground, 8 (8.79%) were minor traffic accidents, 
7 (7.69%) were fall from a low place, and 26 (28.57%) 
were sudden onset of low back pain without any appar-
ent cause including while turning over or bending over 
in bed. The fractured segments were located in the tho-
racic segment (T10 and above) in 8 cases (8.79%), in the 
thoracolumbar segment (T11-L2) in 74 cases (81.32%), 
and in the lumbar segment (L3 and below) in 9 cases 
(9.89%). 48 patients were followed up by telephone and 
31 patients came to the outpatient clinic for follow-up, 
all of whom underwent thoracolumbar spine X-ray and 6 
had thoracolumbar spine MRI (Fig. 1). During the follow-
up period, a total of 12 patients were admitted for ver-
tebral re-fracture, with 7 (58.33%) re-fractures occurring 
adjacent to the operated vertebral body and 5 (41.67%) 
located in non-adjacent areas. 70 patients reported sig-
nificant relief of low back pain on the first to third post-
operative day and no significant low back pain in the 
past 10 years, giving positive feedback on the efficacy of 
surgery. Nine patients reported relief of pain symptoms 
during hospitalization, but mild pain in the low back 
still occurred after discharge when there was a change in 
weather or after prolonged activity, but it did not affect 
their life.

Clinical outcomes
The VAS score was 2.2 ± 1.1 and ODI score was 10.7 ± 2.6 
at the final follow-up, which were significantly improved 
compared with the preoperative scores, and the differ-
ence was statistically significant (P < 0.05) (Table 1). Some 
of the factors that may affect the long-term outcome after 
PKP and the assigned results are shown below (Table 2). 
The results of multiple linear regression analysis (Table 3) 
showed that there was a significant difference between 
VAS score at the last follow-up and gender (P < 0.05), and 
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female patients had higher VAS score at the last follow-
up than males; there was a statistical difference between 
ODI score at the last follow-up and age, cause of injury 
and standardized postoperative anti-osteoporosis treat-
ment (P < 0.05). Postoperative ODI scores were higher in 

patients with older age, greater injury-causing violence, 
and no standardized postoperative anti-osteoporosis 
treatment. There was no significant difference between 
final VAS and ODI scores and height, weight, hyperten-
sion, diabetes mellitus, fracture segment, length of hospi-
talization, history of previous spine surgery, preoperative 
BMD, preoperative VAS and ODI scores, length of sur-
gery, bone cement dosage, and other new vertebral frac-
tures (P > 0.05).

Discussion
Current clinical approaches for the treatment of OVCFs 
include conservative and surgical treatments. Conserva-
tive treatment methods mainly include bed rest, phar-
macological analgesia, external fixation with braces, and 

Fig. 1 A 64-year-old female patient with OVCFs underwent PKP in June 2012. A-C Preoperative X-ray, CT, MRI showed fresh compression fracture 
of T12 vertebrae. D and E One day postoperative frontal and lateral spine radiographs showed that the cement was in place and well distributed 
in the T12 vertebral body. F and G Patients come to the clinic for review one month after surgery. H and I Patients come to the clinic for review one 
year after surgery. J At the last follow-up visit, MRI showed cement in place and no vertebral re-fracture

Table 1 VAS and ODI scores before surgery and during follow-up

VAS Visual Analogue Scale, ODI Oswestry Disability Index, PRE Preoperative, 
1 DAY One day after surgery, 1 YEAR One month after surgery, FINAL Final 
follow-up
*  Significance compared with the preoperative, P < 0.05

PRE 1 DAY 1 YEAR FINAL

VAS score 7.9 ± 1.1 3.6 ± 1.2* 2.4 ± 1.4* 2.2 ± 1.1*
ODI score 30.4 ± 4.2 24.3 ± 4.4* 13.6 ± 3.1* 10.7 ± 2.6*

Table 2 Some of the factors that may affect long-term efficacy and their assignments

Variables Influencing Factor Assignment Result

X1 Gender Male(1), Female(0) 1 = 24, 0 = 67

X2 High blood pressure Yes(1), No(0) 1 = 30, 0 = 61

X3 Diabetes Yes(1), No(0) 1 = 5, 0 = 86

X4 Causes of injury Falling(0), Car Accident(1)
Low fall(2), No obvious cause(3)

0 = 50, 1 = 8
2 = 7, 3 = 26

X5 Fracture segment Lumbar(1), Thoracic(0) 1 = 51, 0 = 40

X6 Previous history Yes(1), No(0) 1 = 4, 0 = 87

X7 Anti-osteoporosis treatment Yes(1), No(0) 1 = 33, 0 = 58

X8 Vertebral re-fractures Yes(1), No(0) 1 = 12, 0 = 79
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anti-osteoporosis treatment [8]. However, there are some 
limitations of conservative treatment, and patients are 
required to be bed-bound for a long time to brake and be 
treated symptomatically, which may lead to muscle wast-
ing atrophy in bed-ridden patients and further aggravate 
the degree of osteoporosis [9], increase the incidence 
of bed-ridden complications such as venous thrombo-
sis, increase the burden of care, and even patients with-
out strict bed rest will increase the risk of non-union of 
fractures [10]. Therefore, the current mainstream view 
is that early minimally invasive surgical intervention for 
patients with OVCFs is essential to get out of bed and 
resume daily activities as early as possible [11]. PKP is 
a relatively mature minimally invasive surgical method 
[12], and it has become a common procedure for the 
treatment of OVCFs due to its minimally invasive nature, 
short operative time, and significant results. By introduc-
ing an expandable balloon into the fractured vertebral 
body, the balloon expands to partially restore the height 
of the vertebral body [13] and forms a cavity inside the 
vertebral body, which is filled with bone cement under 
lower pressure to prevent the vertebral body from con-
tinuing to collapse and reinforce and strengthen the ver-
tebral body, achieving a short period of rapid pain relief 
with minimal surgical trauma and rapid postoperative 
recovery [14], and having obvious advantages in increas-
ing spinal stability and preventing further compression 
of the vertebral body. At present, PKP is effective in the 

treatment of OVCFs in the near term, but there is a lack 
of large sample size reports on its long-term efficacy in 
China. The results of this study showed that patients with 
OVCFs who underwent PKP had better overall results 
after an average follow-up of more than 10 years, and the 
VAS scores and ODI scores at the last follow-up were sig-
nificantly improved compared with those before surgery, 
suggesting that patients with OVCFs had more satisfac-
tory medium- and long-term outcomes after percutane-
ous kyphoplasty.

In this study, we found no effect of gender on qual-
ity of life ODI scores, but in terms of pain VAS scores, 
long-term follow-up was less effective in women than in 
men. It has been suggested that female patients are more 
sensitive to pain [15], and that sex hormones are asso-
ciated with gender differences in pain perception. As 
women age, their estrogen secretion level decreases and 
they tend to develop osteoporosis [16], which may be 
the reason why female patients are more likely to expe-
rience pain during long-term postoperative follow-up. 
The effect of age on postoperative outcome is controver-
sial, and the results of this study showed that the older 
the patient was, the higher the postoperative ODI score 
was, suggesting that the functional status of her post-
operative life was worse, indicating that age is a factor 
affecting the outcome. OVCFs are insidious and most 
patients have no obvious trauma or only minor trauma, 
such as sprains, bumps, slips and falls, or even daily 

Table 3 Results of multiple linear regression analysis

VAS Visual Analogue Scale, ODI Oswestry Disability Index, BMD Bone mineral density

Final VAS score Final ODI score

Regression 
coefficient

Standard error P value Regression 
coefficient

Standard error P value

Age (years) 0.003 0.017 0.877 0.022 0.038  < 0.05

Gender -0.060 0.266  < 0.05 -1.329 0.611 0.133

Height(cm) -0.014 0.032 0.662 -0.040 0.073 0.587

Weight(kg) -0.010 0.019 0.605 0.060 0.043 0.169

High blood pressure -0.254 0.261 0.332 -0.153 0.599 0.799

Diabetes 0.634 0.535 0.240 1.298 1.229 0.295

Causes of injury 0.038 0.095 0.687 -0.545 0.217  < 0.05

Fracture segment -0.353 0.248 0.159 0.023 0.569 0.968

Length of stay 0.034 0.032 0.285 0.015 0.073 0.839

Previous history -0.613 0.578 0.292 1.121 1.327 0.401

BMD (T-score) -0.206 0.242 0.397 -1.425 0.555 0.212

Preoperative VAS score -0.006 0.114 0.958 -0.037 0.261 0.888

Preoperative ODI score -0.018 0.029 0.528 0.022 0.067 0.741

Length of surgery(min) -0.003 0.006 0.539 1.218 0.013 0.995

Bone cement dosage(ml) 0.146 0.074 0.052 0.326 0.170 0.058

Anti-osteoporosis treatment -0.320 0.257 0.217 -0.849 0.591  < 0.05

Vertebral re-fractures -0.622 0.400 0.124 0.135 0.919 0.883
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actions such as coughing, sneezing, bending, etc., which 
can cause vertebral fractures. This is often likened to the 
"silent disease" [17]. This trend is more pronounced in 
the postmenopausal female population [18]. Spinal frac-
tures caused by this low-energy injury mechanism are 
extremely harmful to elderly patients, leading to spinal 
pain, limitation of motion, and kyphosis [19] resulting in 
decreased physical function and health-related quality of 
life, increased complication rates, and mortality [20]. The 
results of this study showed that the cause of the causa-
tive injury was a factor that influenced the ODI score at 
the final follow-up. The higher the causative violence, the 
higher the ODI score at the last follow-up and the worse 
the long-term outcome. This may be due to the greater 
violence to the spine, greater collapse of the vertebral 
body, and more damage to the surrounding soft tissues, 
resulting in slower recovery. Furthermore, individual dif-
ferences among older adults, such as different degrees of 
osteoporosis, different sensitivities to pain, and differ-
ences in underlying diseases, may affect the daily func-
tional activities of older patients after surgery. These 
elderly patients all have severe osteoporosis themselves, 
and there is reactive rapid bone loss after fracture, which 
is prone to sequential fractures at other sites [21], such 
as vertebral re-fracture, femoral neck fracture, and carpal 
fracture, which may have a huge impact on patients’ lives, 
which may have an impact on the outcome of efficacy 
evaluation.

The treatment of OVCFs is a long-term, complex pro-
cess. Osteoporosis is one of the irreversible manifes-
tations of the human aging process, and PKP surgical 
treatment is only one important part of it, and the later 
anti-osteoporosis treatment is carried out throughout 
the whole disease [22]. Postoperative standardized anti-
osteoporosis treatment was a factor influencing the final 
follow-up ODI score in the results of this study, and 
standardized anti-osteoporosis treatment can improve 
the long-term efficacy of PKP and improve the daily 
functional activity level of elderly patients. The basic 
measures of anti-osteoporosis treatment are: adhering to 
a healthy lifestyle, consuming a balanced diet rich in vita-
min D, calcium, low salt and moderate protein, avoiding 
smoking and alcohol abuse, cautiously using drugs that 
affect bone metabolism, and performing moderate mus-
cle exercise and rehabilitation therapy. Currently, a popu-
lar antiosteoporosis drug regimen is an antiosteoporosis 
drug plus long-term regular oral calcium and vitamin D 
[23]. Zoledronic acid is a representative drug of the third 
generation of bisphosphonates, which has a unique struc-
ture containing a double nitrogen imidazole heterocyclic 
ring, which allows zoledronic acid to bind more strongly 
to the bone surface [24] and act selectively on bone. 
One retrospective observational study [25] measured 

post-treatment changes in bone mineral density and bone 
turnover markers in 282 postmenopausal women with 
osteoporosis based on adjustments for treatment dura-
tion and zoledronate regimen and found a better prog-
nosis. However, zoledronic acid is relatively expensive 
to treat, and the impact on health care costs of treating 
all older women with osteopenia would be substantial. 
In recent years, a new bone resorption inhibitor, disulfi-
ramab (Proli) an anti-RANKL monoclonal antibody class, 
has also been used to treat osteoporosis. Disulfiramab is 
a semiannual subcutaneous injection of 60 mg each with 
good drug compliance that helps patients improve bone 
mass and reduce the risk of fractures. Currently, disulfi-
ramab for osteoporosis in postmenopausal women with 
a high risk of fracture is included in the National Health 
Insurance Drug List, which greatly reduces the burden on 
patients. It is important to note that adequate intake of 
calcium and vitamin D must be taken prior to air therapy 
to prevent the development of hypocalcemia [26]. Clini-
cal monitoring of calcium levels before each dose and for 
2 weeks after the first dose in patients prone to hypocal-
cemia is recommended. If any patient develops suspected 
symptoms of hypocalcemia during treatment, blood 
calcium levels should be measured. In addition, bispho-
sphonates and disulfiramab are both bone resorption 
inhibitors and are not recommended for combination 
use. Some of these patients in our follow-up have also 
started anti-osteoporosis treatment with disulfiramab in 
recent years and all reported good results.

In conclusion, the long-term outcome after percutane-
ous vertebroplasty is more satisfactory, and age, gender, 
cause of injury, and standardized postoperative anti-
osteoporosis treatment may be factors affecting the long-
term outcome. There may be some limitations as the 
follow-up study was retrospective and only some of the 
patients were followed up. General information about the 
patients was obtained from the medical records of our 
hospital. Due to confounding factors, there may be inad-
equate records, possible selection bias by the researchers 
in the inclusion of case samples, etc. At the same time, 
the comparability of data may be affected by the different 
operating techniques and experience of the performers. 
The analysis of the long-term efficacy after percutaneous 
vertebral kyphoplasty and the factors influencing it will 
be confirmed in the future in a long-term prospective 
randomized controlled study with a large sample.

Conclusion
PKP, a current mainstream minimally invasive surgical 
approach, has proven efficacy in patients with OVCFs. 
Age, gender, cause of injury, and standardized postopera-
tive anti-osteoporosis treatment may be factors affecting 
the long-term outcome 10 years after surgery.
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