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ABSTRACT
Objective To evaluate procedure utilization patterns for
vertebroplasty and kyphoplasty in the US Medicare
population from 2004 to 2014.
Methods The analysis was performed using the
Centers for Medicare and Medicaid Services database of
specialty utilization files for the fee for service (FFS)
Medicare population.
Results The FFS Medicare population increased by
28% with an annual increase of 2.5% from 2004 to
2014. Utilization of vertebroplasty procedures decreased
by 63% with an average annual decrease of 9.5% from
2004 to 2014 per 100 000 FFS Medicare beneficiaries.
During the same time period, kyphoplasty procedures
decreased by a total of 10%, with an average annual
decrease of 1.3%. For augmentation generally
(combined vertebroplasty/kyphoplasty data) there was
thus an overall decrease in the rate per 100 000
Medicare population of 32% from 2004 to 2014, with
an average annual decrease of 4.8%. The majority of
vertebroplasty procedures were performed by radiologists
whereas the majority of kyphoplasties were performed by
orthopedic surgeons and neurosurgeons.
Conclusions There has been a significant decline in
vertebroplasty and kyphoplasty procedures in the FFS
Medicare population between 2004 and 2014.

INTRODUCTION
Vertebral compression fractures are the most
common type of osteoporotic fracture and are also
associated with malignancy. Osteoporotic vertebral
fractures affect 117 per 100 000 persons, with the
primary symptom of back pain that can be debili-
tating.1 2 These fractures are associated with a pro-
longed impact on health related quality of life,2

and the direct management costs are estimated at
more than $1 billion per annum.3 Similarly,
patients with malignancy commonly develop bone
metastases. Vertebral fractures in cancer patients
may be due to metastases, osteonecrosis after radi-
ation therapy, and/or osteopenia caused by systemic
anticancer treatments.
In these cohorts of patients, minimally invasive

percutaneous treatments, such as vertebroplasty and
kyphoplasty, have become common in the USA.
Initial enthusiasm was driven by multiple observa-
tional studies and comprehensive reviews showing
positive results.4–7 In fact, vertebroplasty increased
from a rate of 43 per 100 000 Medicare population
in 2001 to 85 in 2008.8 Along the same lines,
kyphoplasty increased from 120 per 100 000
Medicare population to 141 in 2008. However,

two randomized controlled trials of vertebroplasty
for osteoporotic spinal fractures were published in
the New England Journal of Medicine (NEJM) in
2009.9 10 These trials showed lack of effectiveness
of vertebroplasty compared with sham surgery, and
impacted on the utilization rates of both vertebro-
plasty and kyphoplasty. While utilization patterns
of other interventional techniques continued to
demonstrate substantial increases,11–13 vertebro-
plasty decreased from 85 per 100 000 Medicare
population to 49 in 2010, and kyphoplasty
decreased from 141 per 100 000 Medicare popula-
tion to 121 in the year 2010.8

Since publication of these two trials in 2009,
multiple additional randomized controlled trials
confirmed prior observations that have demon-
strated benefit for vertebroplasty and kyphoplasty
for both osteoporotic and cancer related vertebral
fractures compared with conservative care.14–20

Recently, vertebroplasty has also been demonstrated
to be effective compared with sham surgery for
patients with acute fractures.21 Thus our aim was
to evaluate the procedure utilization patterns for
vertebroplasty and kyphoplasty in the Medicare
population from 2004 to 2014.

MATERIALS AND METHODS
This analysis of data of utilization patterns of verteb-
roplasty and kyphoplasty procedures was performed
following the reporting standards of Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) guidance.22 Institutional
review board approval was not required for this
assessment as public use files available through the
Centers for Medicare and Medicaid Services (CMS)
database was utilized.23 This analysis exclusively
used non-attributable de-identified data.

Study design
The purpose of the study was to retrospectively
evaluate the utilization patterns of thoracolumbar
vertebroplasty and kyphoplasty procedures from
2004 to 2014 by fee for service (FFS) Medicare
beneficiaries. These physician/supplier procedure
summary master files were aggregates of all
Medicare part B billing claims for services per-
formed in the USA by all providers. These data
were purchased from the CMS.

Setting
The CMS database of specialty utilization from
2004 to 2014 data files of FFS Medicare was uti-
lized.23 This is a 100% sample.
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Measures
Services were defined as submitted, allowed, denied, and
those with zero payments. Allowed services constituted total
services after deletion of denied services and services with
zero payments. For each procedure, total allowed services
and rates per 100 000 were calculated for the corresponding
year.

Current procedural terminology codes assessed
For this study of utilization patterns, the current procedural ter-
minology procedure codes were used for vertebroplasty proce-
dures (22 520—thoracic percutaneous vertebroplasty; 22 521—
lumbar vertebroplasty; 22 522—vertebroplasty, each additional
thoracic or lumbar vertebral body) and kyphoplasty procedures
(22 523—thoracic kyphoplasty; 22 524—lumbar kyphoplasty;
22 525—kyphoplasty, each additional thoracic or lumbar verte-
bral body). Vertebroplasty and kyphoplasty procedures were
approved by CMS in January 2001 and 2006, respectively.

Vertebroplasty and kyphoplasty procedures were performed
historically by various types of providers, even though the
majority are performed by specialists representing radiology
(diagnostic—30 and interventional radiology—94), orthopedic
surgery (20), neurosurgery, pain management group (interven-
tional pain management—09 or pain management—72), anes-
thesiology (05), and physical medicine and rehabilitation (25),
and the remaining specialties grouped as other physicians. Site
of service was also analyzed and categorized as hospital out-
patient departments, hospital inpatient, ambulatory surgery
centers (ASCs), and in physicians’ offices (in office).

Statistical analysis
The data were analyzed using Microsoft Access 2003 and
Microsoft Excel 2003 (Microsoft, Redmond, Washington, USA);
procedure utilization was calculated per 100 000 Medicare
beneficiaries.

RESULTS
Population characteristics
Table 1 shows the growth of the US population and FFS
Medicare beneficiaries along with overall utilization patterns of
312 678 vertebroplasty and kyphoplasty procedures from 2004
to 2014, and the growth rate per 100 000 FFS Medicare benefi-
ciaries over the decade. Overall, the US population increased by
9% whereas the population over 65 years of age increased by
27% with an annual increase of 2.4% from 2004 to 2014. The
elderly population over 65 years of age constituted 12.4% of
the population in 2004 increasing to 14.5% in 2014. FFS
Medicare beneficiaries, including those >65 years of age and
also disabled individuals less than 65 years of age, increased to
28% of the US population from 2004 to 2014. Overall utiliza-
tion of vertebroplasty procedures decreased by 63%, with an
annual decrease of 9.5% from 2004 to 2014 per 100 000 FFS
Medicare beneficiaries, whereas kyphoplasty procedures
decreased by 10%, with an annual decrease of 1.3% from 2006
to 2014 per 100 000 FFS Medicare beneficiaries.

Utilization characteristics
Table 2 show a summary of the frequency of utilization of ver-
tebroplasty and kyphoplasty procedures in fee for service (FFS)
Medicare beneficiaries from 2006 to 2014 with distribution of
procedural characteristics.

As shown in table 2, the overall rate of decrease for vertebro-
plasty and kyphoplasty combined procedures was 32%, with an

annual decrease of 4.8% per 100 000 FFS Medicare beneficiar-
ies from 2006 to 2014; however, vertebroplasty procedures
decreased by 67%, with an annual decrease of 12.8% per
100 000 FFS Medicare population from 2006 to 2014. In con-
trast, kyphoplasty procedures increased from 2006 to 2009,
with a slight decrease starting in 2010, an overall decrease of
10%, and an annual decrease of 1.3% per 100 000 Medicare
population, starting with 126 per 100 000 Medicare population
and declining to 113. However, vertebroplasty procedures were
82 per 100 000 Medicare population in 2006 and declined to
28 in 2014. Initially there appeared to be a slight shift of proce-
dures from vertebroplasty to kyphoplasty with a stunted growth
until the publication of two randomized controlled trials9 10 fol-
lowing which the decline was rapid.8 24 25 After publication of
the randomized trials,9 10 kyphoplasty also plateaued, with
some decreases from 138 per 100 000 Medicare population in
2009, to 123 in 2010, 122 in 2011 and 2012, 119 in 2013,
and finally, 113 in 2014.

Specialty characteristics
As shown in table 3, 75.3% of vertebroplasty procedures were
performed by radiologists whereas 71.2% of kyphoplasty proce-
dures were performed by orthopedic surgeons and neurosur-
geons in 2006. There was a slight increase in utilization of
kyphoplasty procedures for anesthesiology and pain manage-
ment specialties from 2010 when these procedures were
approved for use in ASCs, making reimbursement in this site of
service possible for CMS patients. Specialty designation derives
from the electronic portal through which physicians enroll in
Medicare, the so called Provider Enrollment and Chain/
Ownership System (PECOS), leading to significant confusion—
for example, many interventional radiologists are listed as diag-
nostic. The same is true for interventional pain management
and pain management. For that reason, we combined diagnostic
and interventional radiologists in the specialty specific analysis.

Vertebroplasty utilization decreased by 2% from 2006 to
2009, and decreased by 18% from 2009 to 2010, and contin-
ued to decrease by 49% from 2010 to 2014. Kyphoplasty pro-
cedure utilization increased by 15% from 2006 to 2009,
decreased by 8% from 2009 to 2010, and increased by 5%
from 2010 to 2014 (table 4).

Site of service utilization
Place of service data were available from 2008. The majority of
vertebroplasty and kyphoplasty procedures (>90%) were per-
formed in hospitals, as either outpatient (53%) or inpatient
(33%) procedures. There was a slight increase in ASC settings
from 1.4% in 2009 to 3.6% in 2014, as shown in table 5.

Discussion
The present analysis shows significant change in utilization pat-
terns of vertebral augmentation procedures over the past
decade. There were substantial decreases in vertebroplasty pro-
cedures of 63% from 2004 to 2014 and a modest decrease of
10% for kyphoplasty procedures from 2006 to 2014. After the
NEJM publications in 2009, vertebroplasty decreased by 49%
from 2010 to 2014, while kyphoplasty utilization increased by
5%. This overall reduction in vertebral augmentation proce-
dures occurred in spite of more recent positive randomized con-
trolled trials. This suggests that the 2009 NEJM publications
have had considerable ongoing impact on vertebral augmenta-
tion utilization rates in the FFS Medicare population.
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Notably, the significant in reduction in vertebroplasty rates
from 2010 to 2014 contrasts with the slight increase in kypho-
plasty rates during the same period. This likely relates to multiple
factors, most importantly the lack of benefit from vertebroplasty
reported in the two NEJM trials (78 and 131 patients).9 10 The

simultaneous publication in a very high impact factor journal
(NEJM impact factor 47.1 in 2009)26 garnered significant media
attention, and thus the results were widely known by both poten-
tial referring physicians and patients. This contrasts with an
earlier trial of kyphoplasty compared with conservative

Table 2 Utilization of vertebroplasty and kyphoplasty services in Medicare beneficiaries

Current procedural
terminology F2006 F2007 F2008 F2009 F2010 F2011 F2012 F2013 F2014 Change (%) GGR (%)

Medicare 43 339 44 263 45 412 45 801 46 914 48 300 50 300 51 900 53 500 23 2.7
Change (%) 2 2 3 1 2 3 4 3 3

Vertebroplasty 22 520 14 435 14 032 14 559 13 845 11 430 9768 7469 6725 5842 −60 −10.7
Change (%) −1 −3 4 −5 −17 −15 −24 −10 −13
Rate 33 32 32 30 24 20 15 13 11 −67 −13.0
22 521 14 187 14 491 15 036 14 458 12 101 10 275 7709 6812 6058 −57 −10.1
Change (%) 2 2 4 −4 −16 −15 −25 −12 −11
Rate 33 33 33 32 26 21 15 13 11 −65 −12.4
22 522 7094 6652 7150 6788 5418 4272 3586 3144 2832 −60 −10.8
Change (%) 2 −6 7 −5 −20 −21 −16 −12 −10
Rate 16 15 16 15 12 9 7 6 5 −68 −13.2
Vertebroplasty 35 716 35 175 36 745 35 091 28 949 24 315 18 764 16 681 14 732 −59 −10.5
Change (%) 1 −2 4 −5 −18 −16 −23 −11 −12
Rate 82 79 81 77 62 50 37 32 28 −67 −12.8

Kyphoplasty 22 523 21 096 23 690 23 960 23 550 21 680 22 044 22 662 22 921 22 258 6 0.7
Change (%) 12 1 −2 −8 2 3 1 −3
Rate 49 54 53 51 46 46 45 44 42 −15 −1.9
22 524 22 111 25 220 26 300 26 305 24 199 24 699 26 130 26 646 26 266 19 2.2
Change (%) 14 4 0 −8 2 6 2 −1
Rate 51 57 58 57 52 51 52 51 49 −4 −0.5
22 525 11 450 12 875 13 088 13 150 12 011 12 300 12 373 12 272 12 132 6 0.7
Change (%) 12 2 0 −9 2 1 −1 −1
Rate 26 29 29 29 26 25 25 24 23 −14 −1.9
Kyphoplasty 54 657 61 785 63 348 63 005 57 890 59 043 61 165 61 839 60 656 11 1.3
Change (%) 13 3 −1 −8 2 4 1 −2
Rate 126 140 139 138 123 122 122 119 113 −10 −1.3

Combined Vertebroplasty and
kyphoplasty

90 373 96 960 100 093 98 096 86 839 83 358 79 929 78 520 75 388 −17 −2.2

Change (%) NA 7 3 −2 −11 −4 −4 −2 −4
Rate 209 219 220 214 185 173 159 151 141 −32 −4.8

GGR, geometric growth rate; NA, not available.

Table 1 Summary of the growth of the US population fee for service Medicare beneficiaries and frequency of utilization of vertebroplasty and
kyphoplasty procedures in the Medicare population from 2004 to 2014

Vertebroplasty Kyphoplasty

Year

US total
population in
thousands (%
elderly)

Medicare
beneficiaries in
thousands (%
elderly) Services

% Change
from
previous year Rate*

% Change
from
previous year Services

% Change
from
previous year Rate*

% Change
from
previous year

2004 292 892 (12.4) 41 729 (84.7) 31 032 74 – – – – –

2005 295 561 (12.4) 42 496 (84.2) 35 478 14 83 12.2 – – – –

2006 299 395 (12.4) 43 339 (83.8) 35 716 1 82 −1.2 54 657 – 126 –

2007 301 290 (12.6) 44 263 (83.5) 35 175 −2 79 −3.7 61 785 13 140 13.0
2008 304 056 (12.8) 45 412 (83.4) 36 745 4 81 2.5 63 348 3 139 2.5
2009 307 006 (12.9) 45 801 (83.4) 35 091 −5 77 −4.9 63 005 −1 138 −0.5
2010 308 746 (13.0) 46 914 (83.1) 28 949 −18 62 −19.5 57 890 −8 123 −8.1
2011 311 583 (13.3) 48 300 (82.8) 24 315 −16 50 −19.4 59 043 2 122 2.0
2012 313 874 (13.8) 50 300 (83.3) 18 764 −23 37 −26.0 61 165 4 122 3.6
2013 316 129 (14.1) 51 900 (83.0) 16 681 −11 32 −13.5 61 839 1 119 1.1
2014 318 892 (14.5) 53 500 (83.4) 14 732 −12 28 −12.5 60 656 −2 113 −1.9
Change
(%)

9 28 −53 −63 11 −10

GGR (%) 0.9 2.5 −7.2 −9.5 1.3 −1.3

*Rate, per 100 000 fee for service Medicare beneficiaries; kyphoplasty data available from 2006.
GGR, geometric growth rate.
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Table 3 Utilization of vertebroplasty and kyphoplasty services by provider specialty in fee for service Medicare beneficiaries

F2006 F2007 F2008 F2009 F2010 F2011 F2012 F2013 F2014 Change (%) GGR (%)

Vertebroplasty (n (%))
Radiology 26 909 (75.3) 25 843 (73.5) 25 786 (70.2) 24 114 (68.7) 20 546 (71.0) 17 717 (72.9) 14 162 (75.5) 12 837 (77.0) 11 391 (77.3) −58 −10.2
Orthopedic surgery 2914 (8.2) 3106 (8.8) 3763 (10.2) 3672 (10.5) 3101 (10.7) 2155 (8.9) 1364 (7.3) 1032 (6.2) 936 (6.4) −68 −13.2
Neurosurgery 1831 (5.1) 1573 (4.5) 2052 (5.6) 2507 (7.1) 2108 (7.3) 1781 (7.3) 1593 (8.5) 1511 (9.1) 1546 (10.5) −16 −2.1
Radiology and surgery 31 654 (88.6) 30 522 (86.8) 31 601 (86.0) 30 293 (86.3) 25 755 (89.0) 21 653 (89.1) 17 119 (91.2) 15 380 (92.2) 13 873 (94.2) −56 −9.8
Anesthesiology 1713 (4.8) 1663 (4.7) 1559 (4.2) 1399 (4.0) 850 (2.9) 626 (2.6) 421 (2.2) 358 (2.1) 218 (1.5) −87 −22.7
Interventional pain management
and pain management (09 and 72)

1479 (4.1) 2123 (6.0) 2635 (7.2) 2597 (7.4) 1754 (6.1) 1552 (6.4) 886 (4.7) 701 (4.2) 462 (3.1) −69 −13.5

PM&R 116 (0.3) 154 (0.4) 257 (0.7) 231 (0.7) 241 (0.8) 222 (0.9) 142 (0.8) 107 (0.6) 86 (0.6) −26 −3.7
Pain management group 3308 (9.3) 3940 (11.2) 4451 (12.1) 4227 (12.0) 2845 (9.8) 2400 (9.9) 1449 (7.7) 1166 (7.0) 766 (5.2) −77 −16.7
Other 754 (2.1) 713 (2.0) 693 (1.9) 571 (1.6) 349 (1.2) 262 (1.1) 196 (1.0) 135 (0.8) 93 (0.6) −88 −23.0
Total 35 716 35 175 36 745 35 091 28 949 24 315 18 764 16 681 14 732 −59 −10.5
Kyphoplasty (n (%))
Radiology 13 276 (24.3) 17 115 (27.7) 18 584 (29.3) 19 317 (30.7) 17 251 (29.8) 18 822 (31.9) 20 412 (33.4) 20 783 (33.6) 20 265 (33.4) 53 5.4
Orthopedic surgery 25 398 (46.5) 25 989 (42.1) 25 979 (41.0) 24 364 (38.7) 21 645 (37.4) 20 240 (34.3) 19 879 (32.5) 18 854 (30.5) 18 329 (30.2) −28 −4.0
Neurosurgery 13 487 (24.7) 15 148 (24.5) 14 939 (23.6) 14 745 (23.4) 13 704 (23.7) 14 034 (23.8) 13 608 (22.2) 13 720 (22.2) 13 357 (22.0) −1 −0.1
Radiology and surgery 52 161 (95.4) 58 252 (94.3) 59 502 (93.9) 58 426 (92.7) 52 600 (90.9) 53 096 (89.9) 53 899 (88.1) 53 357 (86.3) 51 951 (85.6) 0 −0.1
Anesthesiology 923 (1.7) 1142 (1.8) 1315 (2.1) 1558 (2.5) 1412 (2.4) 1438 (2.4) 1920 (3.1) 2160 (3.5) 2135 (3.5) 131 11.1

Interventional pain management
and pain management (09 and 72)

532 (1.0) 1233 (2.0) 1271 (2.0) 1668 (2.6) 2461 (4.3) 2880 (4.9) 3700 (6.0) 4552 (7.4) 4664 (7.7) 777 31.2

PM&R 134 (0.2) 197 (0.3) 240 (0.4) 484 (0.8) 677 (1.2) 887 (1.5) 860 (1.4) 1035 (1.7) 1218 (2.0) 809 31.8
Pain management group 1589 (2.9) 2572 (4.2) 2826 (4.5) 3710 (5.9) 4550 (7.9) 5205 (8.8) 6480 (10.6) 7747 (12.5) 8017 (13.2) 405 22.4
Other 907 (1.7) 961 (1.6) 1020 (1.6) 869 (1.4) 740 (1.3) 742 (1.3) 786 (1.3) 735 (1.2) 688 (1.1) −24 −3.4
Total 54 657 61 785 63 348 63 005 57 890 59 043 61 165 61 839 60 656 11 1.3
Combined (n (%))
Radiology 40 185 (44.5) 42 958 (44.3) 44 370 (44.3) 43 431 (44.3) 37 797 (43.5) 36 539 (43.8) 34 574 (43.3) 33 620 (42.8) 31 656 (42.0) −21 −2.9
Orthopedic surgery 28 312 (31.3) 29 095 (30.0) 29 742 (29.7) 28 036 (28.6) 24 746 (28.5) 22 395 (26.9) 21 243 (26.6) 19 886 (25.3) 19 265 (25.6) −32 −4.7
Neurosurgery 15 318 (16.9) 16 721 (17.2) 16 991 (17.0) 17 252 (17.6) 15 812 (18.2) 15 815 (19.0) 15 201 (19.0) 15 231 (19.4) 14 903 (19.8) −3 −0.3
Radiology and surgery 83 815 (92.7) 88 774 (91.6) 91 103 (91.0) 88 719 (90.4) 78 355 (90.2) 74 749 (89.7) 71 018 (88.9) 68 737 (87.5) 65 824 (87.3) −21 −3.0
Anesthesiology 2636 (2.9) 2805 (2.9) 2874 (2.9) 2957 (3.0) 2262 (2.6) 2064 (2.5) 2341 (2.9) 2518 (3.2) 2353 (3.1) −11 −1.4
Interventional pain management
and pain management (09 and 72)

2011 (2.2) 3356 (3.5) 3906 (3.9) 4265 (4.3) 4215 (4.9) 4432 (5.3) 4586 (5.7) 5253 (6.7) 5126 (6.8) 155 12.4

PM&R 250 (0.3) 351 (0.4) 497 (0.5) 715 (0.7) 918 (1.1) 1109 (1.3) 1002 (1.3) 1142 (1.5) 1304 (1.7) 422 22.9
Pain management group 4897 (5.4) 6512 6.7) 7277 (7.3) 7937 (8.1) 7395 (8.5) 7605 (9.1) 7929 (9.9) 8913 (11.4) 8783 (11.7) 79 7.6
Other 1661 (1.8) 1674 (1.7) 1713 (1.7) 1440 (1.5) 1089 (1.3) 1004 (1.2) 982 (1.2) 870 (1.1) 781 (1.0) −53 −9.0
Grand total 90 373 96 960 100 093 98 096 86 839 83 358 79 929 78 520 75 388 −17 −2.2

GGR, geometric growth rate; PM&R, physical medicine and rehabilitation.
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management (300 patients) in The Lancet (impact factor 30.8 in
2009)26 which reported a significant benefit for kyphoplasty that
was largely unnoticed by the media.

The subsequent publication of multiple randomized con-
trolled trials demonstrating significant benefit for vertebroplasty
and/or kyphoplasty has not counterbalanced the earlier NEJM
publications. Since 2009, a total of 1187 patients have been
included in 8 randomized controlled trials of vertebroplasty
and/or kyphoplasty that showed significant benefit of vertebral
augmentation.14–21 However, these studies were published in
journals with a wide range of significantly lower impact factors
(as low as 1.31)26 at the time of their publication, and thus were
largely unnoticed by the media. In addition, all kyphoplasty ran-
domized controlled trials to date have been positive, in contrast
with vertebroplasty. In this context, it is not surprising that rates
of vertebroplasty declined significantly without a similar decline
in kyphoplasty.

Importantly, there is no significant difference in reduction of
pain and disability between vertebroplasty and kyphoplasty,
which are the primary goals of vertebral augmentation. In a
meta-analysis of prospective comparative studies of vertebro-
plasty and kyphoplasty, Chang et al27 included 1429 patients

from 20 studies and found that there was no difference in the
reduction of pain and disability between the two techniques.
Similar findings were reported in another meta-analysis of 845
patients.28 A recent systematic review of both vertebroplasty or
kyphoplasty for cancer related vertebral compression fractures
by Ontario Health Technology concluded that both vertebro-
plasty and kyphoplasty significantly and rapidly reduced pain
intensity in cancer patients with vertebral compression frac-
tures.29 These findings are not unexpected as kyphoplasty is
essentially an extension of the vertebroplasty procedure—that
is, with an additional step of inflation of a balloon tamp within
the vertebra prior to cement injection. Nonetheless, the results
also reveal that while radiologists are performing less vertebro-
plasties, they are performing a higher percentage of kyphoplas-
ties compared with earlier time periods.

Vertebral augmentation has gone through several elements of
a complex life cycle. In the 1990s, early US based neurointer-
ventional investigators started performing percutaneous verteb-
roplasty at the University of Virginia.30 The regional/national
experience at that time largely grew out of providers that had a
unique interaction with that pioneering group. In 1997, when
their seminal article on augmentation was published,30 interest

Table 4 Percentage of change in volume of vertebroplasty and kyphoplasty procedures by provider specialty in fee for service Medicare
beneficiaries

2006–2009 2009–2010 2010–2014 2006–2014

Physician specialty Change (%) GGR (%) Change (%) Change (%) GGR (%) Change (%) GGR (%)

Vertebroplasty
Radiology −10 −3.6 −15 −45 −13.7 −58 −10.2
Orthopedic surgery 26 8.0 −16 −70 −25.9 −68 −13.2
Neurosurgery 37 11.0 −16 −27 −7.5 −16 −2.1
Radiology and surgery −4 −1.5 −15 −46 −14.3 −56 −9.8
Anesthesiology −18 −6.5 −39 −74 −28.8 −87 −22.7
Pain management 76 20.6 −32 −74 −28.4 −69 −13.5
PM&R 99 25.8 4 −64 −22.7 −26 −3.7
Pain management group 28 8.5 −33 −73 −28.0 −77 −16.7
Other −24 −8.8 −39 −73 −28.2 −88 −23.0
Total −2 −0.6 −18 −49 −15.5 −59 −10.5
Kyphoplasty
Radiology 46 13.3 −11 17 4.1 53 5.4
Orthopedic surgery −4 −1.4 −11 −15 −4.1 −28 −4.0
Neurosurgery 9 3.0 −7 −3 −0.6 −1 −0.1
Radiology and surgery 12 3.8 −10 −1 −0.3 0 −0.1
Anesthesiology 69 19.0 −9 51 10.9 131 11.1
Pain management 214 46.3 48 90 17.3 777 31.2
PM&R 261 53.4 40 80 15.8 809 31.8
Pain management group 133 32.6 23 76 15.2 405 22.4
Other −4 −1.4 −15 −7 −1.8 −24 −3.4
Total 15 4.8 −8 5 1.2 11 1.3
Combined
Radiology 8 2.6 −13 −16 −4.3 −21 −2.9
Orthopedic surgery −1 −0.3 −12 −22 −6.1 −32 −4.7
Neurosurgery 13 4.0 −8 −6 −1.5 −3 −0.3
Radiology and surgery 6 1.9 −12 −16 −4.3 −21 −3.0
Anesthesiology 12 3.9 −24 4 1.0 −11 −1.4
Pain management 112 28.4 −1 22 5.0 155 12.4
PM&R 186 41.9 28 42 9.2 422 22.9
Pain management group 62 17.4 −7 19 4.4 79 7.6
Other −13 −4.6 −24 −28 −8.0 −53 −9.0
Grand total 9 2.8 −11 −13 −3.5 −17 −2.2

GGR, geometric growth rate; PM&R, physical medicine and rehabilitation.
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further increased and early generation vertebroplasty kits were
soon developed. Over the next 20 years, multiple cohort studies
and systematic reviews of these studies supported the use of ver-
tebral augmentation.6 7 31 32 and multiple professional medical
societies supported their use.33 In 2009, the NEJM trials were
published which showed lack of effectiveness of vertebroplasty
compared with placebo.9 10 However, limitations of these trials
included the inclusion of fractures up to 12 months old, and
periosteal infiltration of local anesthetic, an active control, that
may have resolved pain that primarily arose from the adjacent
structures in more chronic fractures.34 35

Since the NEJM trials were published, there have been mul-
tiple additional randomized controlled trials supporting the use
of both vertebroplasty and kyphoplasty for osteoporotic and
cancer related fractures.14–21 Meta-analyses including the NEJM
trials were also supportive of vertebral augmentation.36 37 These
led to multiple international society guidelines supporting the
use of vertebral augmentation,38–40 and endorsement of verteb-
roplasty for both osteoporotic and cancer related fractures by
the National Institute for Health and Care Excellence that
advises the National Health Service of England and Wales.41 42

Most recently, the Vertebroplasty for Acute Painful Osteoporotic
fractURes (VAPOUR) trial was published in The Lancet.21

VAPOUR was a multicenter randomized controlled trial
designed to assess the efficacy of vertebroplasty for osteoporotic
fractures in a subgroup of patients with recent (<6 weeks) onset
severe pain. Notably, the placebo procedure was subcutaneous
local anesthetic infiltration, closer to conservative medical man-
agement. This trial showed strong benefit to performing verteb-
roplasty, and also demonstrated that conservative medical
therapy is not without risk; two medically managed patients
developed spinal cord compression from further collapse of
their fractures.21 43 The effects of this trial on procedure utiliza-
tion rates will become evident in the next few years.

There are many limitations to our analysis. Firstly, we
reviewed the CMS database, which excludes Medicare
Advantage patients. In addition, there are private payer insurers
that reimburse for this procedure that are by definition not
included in this analysis. In addition, there may have been

miscoding of procedures, and other limitations to using claims
based data.44 Nonetheless, Medicare is the largest health care
payer in the USA for vertebral augmentation, providing a reli-
able dataset to evaluate procedure utilization.

CONCLUSION
There was an overall decline in vertebroplasty and kyphoplasty
procedures in the FFS Medicare population between 2004 and
2014, and particularly since 2009. Our analysis suggests that the
NEJM publications have had a considerable long term impact on
utilization of vertebral augmentation procedures in the
Medicare population. We look forward to assessing the impact
of the recently published VAPOUR trial in future analyses.
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