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Abbreviations: VAS, Visual Analog Scale; SF-36, Short-Form 
Health Survey; SD, Standard Deviation; R, Range 

Introduction
Kyphoplasty and vertebroplasty present minimally invasive 

treatment alternatives for pathological vertebral compression fractures 
that have failed nonoperative management. The global prevalence of 
vertebral compression fractures is estimated to be approximately 1.4 
million,1 including 750,000 in the United States.2 The actual prevalence 
of vertebral osteoporotic compression fractures is unknown because 
of the lack of standardization in how vertebral compression fractures 
are defined as well as the subsequent overall lack of diagnosis.3 Some 
have estimated that only 30% of vertebral compression fractures are 
acknowledged clinically and that many are merely found incidentally 
on routine imaging studies.4 Nevertheless, significant morbidity and 
mortality is associated with symptomatic patients with vertebral 
compression fractures presenting with low back pain, with reports 
of survival rates by Kaplan-Meier method of 53.9%, 30.9% and 
10.5% at 3, 5, and 7 years, respectively.5 Hence, from 2001 to 2006, 
vertebroplasty procedures doubled in number performed, from 4.3 
to 8.9 procedures per 1000 persons6 in the US. Patient outcomes 
following vertebroplasty or kyphoplasty for osteoporotic compression 
fractures have been reported in numerous studies. Recent prospective, 
randomized, placebo controlled studies revealed no difference 
between vertebroplasty and a sham operation.7,8 Based on these 
studies, the American Academy of Orthopaedic Surgery published 
evidence-based, clinical-practice guidelines recommending “against 
vertebroplasty for patients who present with an osteoporotic spinal 
compression fracture.”9 Nevertheless, vertebral filling operations for 

the treatment of insufficiency vertebral compression fractures remain 
widely used, mostly with excellent results in terms of pain, function 
and complications as supported by a recent by meta-analysis of six 
randomized-controlled trials.10 

The purpose of this study is to further understand the demographics 
and outcomes of kyphoplasty in improving pain in insufficiency 
fractures that are not responsive to conservative treatment, identify 
risk factors for recurrence of back pain due to new fractures or not, 
discern and understand the timing for symptom improvement after 
the procedure, and correlate the amount of vertebral height correction 
with clinical improvement. We hypothesized that kyphoplasty would 
be effective in pain management for these patients.

Materials and methods
All patients in this study (n=81) were referred to the surgeon’s clinic. 

Visual analog scale (VAS) questionnaires (painscale from 1-10) were 
given preoperatively and postoperatively in the clinic at subsequent 
visits up to a year. Patients were consented to the procedure only after 
understanding the risks and benefits to the procedure. All procedures 
were performed in the hospital operating room. Patients were placed 
in the prone position. With intra-operative bi-planar fluoroscopy 
(Figure 1), the procedure was performed as described in the technique 
guide. All kyphoplasties were performing using Kyphon Balloon 
Kyphoplasty (Medtronic, Memphis, TN). Patients were sent home 
the same day if no complications occurred. Postoperatively, patients 
were not braced and had no physical restrictions. Patients were seen 
in clinic after the procedure at least twice within the first year. Spine 
anterior-posterior and lateral radiographs of the appropriate level(s) 
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Abstract

The goal of our retrospective case series is to understand better the demographics and 
outcomes of kyphoplasty in improving pain in insufficiency fractures that are non-
responsive to conservative treatment, identify risk factors for recurrence of back pain 
due to new fractures or not, discern and understand the timing for symptom improvement 
after the procedure, and correlate the amount of vertebral height correction with clinical 
improvement. We hypothesized that kyphoplasty would be effective for pain management 
in vertebral compression fractures that have been refractory to clinical management. 
Eighty-one patients underwent kyphoplasty and were followed at two, four, and nine weeks 
and at one year. Demographics, clinical and radiographic outcomes, and risk factors for 
new fractures and other complications were analyzed. Maximal improvement in the VAS 
was seen at two weeks in 90% of our patients and at nine weeks 100% reached maximal 
improvement. At one-year follow up, recurrent or new onset back pain was noted in 27% 
of patients, while only 24% of had new vertebral fractures. Fractures at the adjacent level 
accounted for 50% of the new onset insufficiency vertebral fractures. Approximately 
50% of patients had passed away or were not reachable at one year. Also, 50% of our 
osteoporotic compression fractures happened at the upper lumbar spine. Female sex was 
the only significant risk factor for subsequent new onset back pain. Male sex and lumbar 
fractures responded worse to the kyphoplasty treatment. Finally, the amount of radiographic 
reduction did not correlate with clinical outcomes. From the data analyzed from this case 
series, we found that kyphoplasty provides a safe and effective treatment for pain in patients 
with vertebral compression fractures.
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were obtained preoperatively and at each clinic visit. One year after 
the end of data collection period, patients were called to obtain short-
form health survey (SF-36) scores. The questionnaires were performed 
over the phone and with either the patient or a family member’s 
assistance, all questions were completed. All data were collected only 
after Institutional Review Board approval was obtained from our 
institution. Demographics, clinical and radiographic outcomes, and 
risk factors for new fractures and other complications were analyzed. 
Data analysis was performed using SPSS (Chicago, IL) utilizing 
student’s t-tests.

Figure 1 AP (A) and lateral (B) intra-operative fluoroscopic images of L5 
kyphoplasty. (Case performed by Fernando Techy, M.D. at Advocate Lutheran 
General Hospital, Park Ridge, IL).

Results
Demographics

Eighty-one patients underwent kyphoplasty during this period 
(Table 1). 

Visual Analog Scores

Fifty-nine patients (73%) had documented follow-up with VAS or 
written notes about subjective improvement at two and four weeks 
postoperatively. Of these, recurrent back pain or new back pain was 
noted in 16/59 (27%) at one-year follow up. Gender was a statistically 
significant difference: those with recurrence were 100% female 
(p=0.044). Otherwise, age, number of levels, location of level did not 
show statistically significant correlation with recurrent back pain after 
kyphoplasty. Fifty-one (63%) patients had documented postoperative 
VAS scores, which composed the inclusion group for the following 

data. Maximum VAS improvement was seen at 0-2 weeks in 90.2% 
(46/51) of the patients. Five patients had maximum improvement 
between 4 to 9 weeks. Gender was a statistically significant difference 
in time to maximum improvement. In 0-2 week maximum VAS group, 
93.5% were female, and three of five (60%) were females in the 4-10 
week VAS score group (p=0.0082). Gender as an independent risk 
factor was also investigated. Five out of the 51 (10%) patients were 
male, and they had statically worse VAS scores (3.0 versus 0.80), as 
compared to females (p=0.0095). Age, number of levels, and location 
of levels were not statistically significant with respect to postoperative 
VAS scores. 

The patients’ ages were also evaluated. Subsequent fractures were 
seen in 80% (4/5) of people older than 90 but only 23% in people 
younger than 80 (p=0.0172). Overall incidence of new fractures in 
one-year follow up was 24%. Patients under the age of 70 were more 
likely to have recurrent or new back pain, 60% vs 17.4% (p=0.0039). 
There were significant results identified through our data analysis. 
The location of the kyphoplasty was at higher levels in younger 
patients as compared to patients more than 80 years of age, which was 
statistically significant (p=0.004). Gender, most improved VAS score, 
and number of levels involved did not show statistically significant 
differences. The number of levels performed was also analyzed 
independently. With greater than one level fractured, additional 
compression fractures tended to involve lower levels (p=0.01). 
Statistical differences were not seen with respect to age, gender, 
recurrence, or subsequent fractures. However, there was a noticeable 
trend that was almost significant (p=0.055) showing that single-
level fractures had an increased risk of recurrent or new back pain 
as compared to multilevel compression fractures (25% versus 16%). 
There was no statistical significant correlation found with age, gender, 
number of levels with the vertebral level of kyphoplasty. With respect 
to fracture level: Lumbar (L2-L5) levels were associated with a higher 
rate of multi-level compression fractures (p=0.00013). Otherwise, 
compression fracture location was not statistically associated with 
age, gender, recurrence, subsequent fracture (Table 2) (Figure 2). 
Radiographic analysis was also performed. Forty patients of the 
previous inclusion criteria had adequate postoperative radiographs 
for evaluation. Percent reduction compared to posterior height was 
measured on the anterior cortex and middle of the vertebral body. 
Radiographic reduction via kyphoplasty did not correlate with 
recurrent back pain, subsequent fracture, or maximally improved 
VAS. However, anterior cortex reduction improved with number of 
levels involved and lower levels. Middle vertebra reduction improved 
with younger age (p=0.033).

Table 1 Demographics 

Age # % Number of levels # % Level # %

<70 10 12% 1 49 60.5% Thoracic Level 33 20.0%

70s 28 35% 2 17 21.0% T-L Level 49 29.7%

80s 38 47% 3 14 17.3% Lumbar Level 83 50.3%

90s 5 6% 4 1 1.2%      

  Total 81        

Sex 

Male 13 16%            

Female 68 84%            
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Table 2 Compression fracture location level

Number of 
Fractured Levels Avg. High Level Avg. Low Level

1 level (T)11.8 (T)11.8

2 level (T)11 (T)12.6

3 & 4 levels (T)12 (L)5.8

Figure 2 Vertebral compression fracture incidence by vertebral level.

Long-term follow-up SF-36 Scores

We were able to complete SF-36 questionnaires over the phone 
with 32 patients. Twenty-six of the 81 patients’ contact numbers 
were disconnected or not working. The remaining 14 passed away 
since their procedure. We could not get contact information for eight 
patients. The mean physical health score as 63.1 (SD 17.9; R=18.4-
94). The mean mental health score was 72.1 (SD 15.3, R=18-92.6). 
The overall mean SF-26 score was 70.7 (SD 16.6, R=17.75-94.75).

Complications

Recurrence/New back pain: Female gender was the only 
significant risk for recurrence or new back pain (p=0.044). Age and 
number of levels were not significant in affecting the recurrence rate. 
Risk of New Osteoporotic Fracture: Fractures postoperatively were 
seen in 15/51 (29%) patients (Table 3). No significant correlation was 
found between a new vertebral compression fracture with respect 
to age, gender or number of levels. Thirty-five percent (18/51) of 
our patients did have a new vertebral compression fractures in one-
year follow up, 10 (55%) of which were adjacent to the kyphoplasty 
level(s). 

Discussion
Kyphoplasty and vertebroplasty present minimally invasive 

treatment alternatives for pathological vertebral compression fractures 
that have failed nonoperative management. The actual prevalence of 
vertebral osteoporotic compression fractures is unknown because of 
the lack of standardization in how vertebral compression fractures are 
defined as well as the subsequent overall lack of diagnosis.3 Patient 
outcomes following vertebroplasty or kyphoplasty for osteoporotic 
compression fractures have been reported in numerous studies. With 
mid-term follow up results, our study supports the hypothesis that 

kyphoplasty is an effect treatment for vertebral compression fractures 
in terms of pain and function.

Vertebroplasty for osteoporotic fractures

In a prospective, randomized, controlled study, Blasco et 
al.11 revealed with 12 months of follow up, patients undergoing 
vertebroplasty for osteoporotic fractures had better VAS and quality 
of life outcomes than those undergoing medical nonoperative 
management. In another prospectively randomized study, comparing 
veterbroplasty to medical nonoperative management, Voormolen et 
al.12 concluded that vertebroplasty led to significantly greater pain 
reduction, less pain medication use, and improved mobility and overall 
physical function one day and two weeks after treatment. Alvarez 
et al.13 performed a similar study in a prospective, non-randomized 
study, which demonstrated that vertebroplasty was associated with 
substantially greater pain reduction at three and six months post-
procedure, when compared to medical treatment. When compared 
to optimal medical treatment, kyphoplasty was also associated with 
better functional scores and less pain medication use at three months. 
At one-year follow up, there was no difference between the two 
methods. In another prospective non-randomized study, Diamond 
et al.14 demonstrated that vertebroplasty was superior to medical 
management in reducing pain and improving physical activity on the 
first post-procedure day. However, there was no difference at 1.5, five 
or 12 months. In another one of his studies, Diamond et al.15 compared 
vertebroplasty to medical management, finding that although 
vertebroplasty led to better pain scores and functional outcomes at 
six weeks, there was no difference at one- or two-year follow up. 
Moreover, Diamond found that the incidence of adjacent vertebral 
fractures at two years was no different between the vertebroplasty and 
medical management groups. 

In a meta-analysis of 30 studies consisting of 2086 patients, 
Hockmuth et al.16 found that kyphoplasty consistently produced 
rapid pain relief in each study. The complication rates in overall for 
these studies were 0.9% major morbidity, 0.1% cement embolism, 
and 0% mortality. In another meta-analysis of 69 studies with over 
4000 patients, comparing vertebroplasty and kyphoplasty, Hulme et 
al.17 declared that both procedures are effective in relieving pain. The 
overall complication rates for vertebroblasty were 3.9% symptomatic 
complications, 6% neurologic sequelae, 6% pulmonary embolism; and 
the overall complication rates for kyphoplasty were 2% symptomatic 
complications, 0.03% neurologic sequelae, and 0.01% pulmonary 
embolism. Eck et al.18 substantiated Hockmuth and Hulme’s findings 
with a larger meta-analysis of 136 studies with over 9500 patients, 
comparing clinical outcomes of vertebroplasty and kyphoplasty. 
Complication rates were similar as well with vertebroplasty having 
1.6% symptomatic cement extravasation, 0.9% pulmonary embolism, 
0.3% hematoma formation, and 0.1% infection; while kyphoplasty 
had 0.03% symptomatic cement extravasation, 0.04% pulmonary 
embolism, 0.03% infection. There are also multiple case series reports 
that described significant, immediate pain relief after vertebroplasty 
for osteoporotic, pathological vertebral compression fractures.19–26 

Vertebral filling procedures for compression fractures 
associated with tumors

In a randomized, controlled study, Berenson et al.27 compared 
kyphoplasty to nonoperative treatment of vertebral compression 
fractures from metastatic disease, finding that patients undergoing 
kyphoplasty had greater relief of pain, higher quality of life scores, 
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and better overall function. McGirt et al.19 conducted a meta-
analysis of 35 kyphoplasty studies and 74 vertebroplasty studies, 
finding that these vertebral filling procedures for pathological 
compression fractures are superior to medical treatment with minimal 
complications. In the same systematic review, McGirt examined 18 
case series of management of pathological vertebral compression 
fractures secondary to malignancy. With this review, he asserted that 
both kyphoplasty and vertebroplasty are effective in reducing pain 
with minimal complications. Weil found that 94% of patients in a 
series of 37 tumor-associated vertebral compression fractures had 
significant pain improvement, while 8.1% had transient radiculopathy 
from cement leakage. Cortet et al.20 described cement extravasation in 
72.5% of cases, 6.9% of which required re-operation. Several other 
studies on tumor-associated vertebral compression fractures treated 
with kyphoplasty and vertebroplasty found that asymptomatic cement 
extravasation from 4% to 26%.21–24,28

Prospective randomized placebo controlled studies

Using the Australian New Zealand Clinical Trials Registry, 
Buchbinder et al.7 compared the following outcomes between 
vertebroplasty and sham procedure: pain, quality of life, and functional 
status. Sham procedure entailed injection of a short-acting anesthetic 
in the vertebral periosteum. At one week, one month, three months, 
and six months, there was no difference between the two group; both 
groups reported significant improvement in pain. Kallmes et al. also 
found that there was no difference between vertebroplasty and sham 
procedure at one month.8 

Kyphoplasty for osteoporotic fractures

In a prospective study comparing vertebroplasty with kyphoplasty 
for single-level osteoporotic compression fractures, Omidi-Kashani 
et al.29 found significant improvement from baseline in both VAS and 
SF-36 scores in both treatment groups. However, in this study did not 
reveal any difference in pain and functional outcomes between the 
kyphoplasty and vertebroplasty groups. In a prospective, randomized 
controlled study with 24 months of follow up, Van Meirhaeghe et 
al.30 found that patients who underwent kyphoplasty had earlier 
and better improvement in quality of life, function, mobility, and 
pain than those undergoing non-operative management. In another 
prospective, randomized, controlled study, Kasperk et al.25 compared 
kyphoplasty with nonoperative medical management of osteoporotic 
fractures, finding that those who had kyphoplasty had better pain 
scores and earlier return to activity. Grafe et al.25 later reported on 
the outcomes of these same patients at 12 months, finding that those 
who underwent kyphoplasty had better pain relief and fewer clinic 
visits and fewer complications including adjacent vertebral fractures. 
In our study, about 24% (12/51) of our patients with documented VAS 
had a new vertebral compression fracture, with three more patients 
sustaining fractures in their extremities as well. Roughly half of the 
new vertebral compression fractures occurred at a level adjacent to 
the kyphoplasty level. In addition to the aforementioned studies,26,31–35 
there are many others demonstrating reliable and rapid relief of 
pain following kyphoplasty for osteoporotic vertebral compression 
fractures. Taylor et al.36 performed a meta-analysis of 35 studies 
comprised of 1,946 patients, finding that kyphoplasty led to rapid and 
marked improvement in pain scores. 

In our series, maximal improvement in the VAS was seen at two 
weeks in 90% of our patients, and at nine weeks 100% reached maximal 
improvement. About half of the vertebral compression fractures seen 

in our patients were in the high lumbar region, which might seem 
unusual, but when fractures were seen in the lumbar region, there was 
a significantly increased incidence of multiple concurrent fractures, 
probably indicating the severity of osteoporosis in the individual. 
Furthermore, radiographic reduction via kyphoplasty did not correlate 
with recurrent back pain, subsequent fracture, or maximal improved 
VAS. Twenty-seven percent of patients had recurrent back pain in 
one year, and 24% had a recurrent vertebral fracture. For about half 
of our patients who had recurrent compression fractures, the level 
was adjacent to the previous fracture. We also identified the female 
gender as the only significant risk factor for subsequent new onset 
back pain. All patients in the study had some decrease in VAS scores. 
However, we did notice that women with compression fractures had 
significantly better VAS scores short- and long-term compared to men. 
Statistically significant higher final VAS scores were noted in lumbar 
fractures. Comparing our patients’ SF-36 scores at long-term follow-
up with other studies, our patients’ scores are comparable to those 
with long-term follow-up. Our patients’ average SF-36 score values 
are also very similar to age-matched controls seen in the literature.13 
We can conclude that patients were able to return to a significant level 
of activity as a result of their treatment. 

Our study has some limitations. As gender, pre-operative VAS, 
number of levels, surgeon’s experience, fractures of thoraco-lumbar 
region (T12 and L1), and radiographic vertebral anterior/posterior 
height difference were not associated with any differences in the final 
VAS score, a statistical significance might be seen if this study were 
repeated with a larger sample. In spite of the statistically significant 
differences we did find, the clinical differences are few but should not 
be interpreted as the contraindication to performing a kyphoplasty. 
When we spoke to the patients during the collection of data for the SF-
36 forms, many clearly stated that they felt significant improvement in 
pain relief very soon after the procedure, which consequently allowed 
them to perform some of their routine activities of daily living. 

Conclusion
As we were only able to contact half of our patients, we should 

reiterate that vertebral compression fractures still carry a significant 
morbidity and mortality for our patients. Keeping them active and 
pain free is crucial in maintaining their health and longevity. As we 
had no direct mortalities or complications from this procedure, we 
conclude that kyphoplasty provides a safe and effective treatment for 
pain in patients with vertebral compression fractures.
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