
Background: Despite the high prevalence of vertebral compression fractures (VCFs) associated 
with refractory pain, deformity, or progressive neurological symptoms, minimally invasive vertebral 
augmentation procedures, including vertebroplasty and kyphoplasty, have been declining in their 
relative utilization, along with expenditures. 

Objectives: This investigation was undertaken to assess utilization and expenditures for vertebral 
augmentation procedures, including vertebroplasty and kyphoplasty, in the fee-for-service (FFS) 
Medicare population from 2009 to 2018. 

Study Design: The present study was designed to assess utilization and expenditures in all 
settings, for all providers in the FFS Medicare population from 2009 to 2018 in the United States. 
In this manuscript:
• A patient was described as receiving vertebral augmentation over the course of the year.
• An episode was considered as one treatment per region per day utilizing primary codes only. 
• Services or procedures were considered to be procedures including multiple levels.

A standard 5% national sample of the Centers for Medicare and Medicaid Services (CMS) physician 
outpatient billing claims data for those enrolled in the FFS Medicare program from 2009 to 2018 
was utilized. All the expenditures were presented with allowed costs and adjusted for inflation to 
2018 US dollars.

Results: In 2009, there were 76,860 episodes of vertebral augmentation with a rate of 168 
per 100,000 Medicare population, which declined to 58,760, or 99 per 100,000 population for 
a total decline of 41%, or an annual rate of decline of 5.7% per 100,000 Medicare population. 
Vertebroplasty interventions declined more dramatically than kyphoplasty from 2009. Total episodes 
of vertebroplasty were 27,380 with an annual rate of 60 per 100,000 Medicare population, 
decreasing to 9,240, or 16 per 100,000 Medicare population, a 66% decline in episodes and a 
74% decline in overall rate with an annual decline of 11.4% and 13.9%. In contrast, kyphoplasty 
interventions were 49,480, for a rate per 100,000 population of 108 in 2009 compared to 49,520 
in 2018 with a rate of 83, for a decrease of 23% and 2.9% annual decrease. 

Evaluation of expenditures showed a net decrease of $30,102,809, or 8%, from $378,758,311 
in 2009 to $348,655,502 in 2018. However, inflation-adjusted expenditures decreased overall 
by 21% and 3% annually from $443,147,324 in 2009 to $345,655,502 in 2018. In addition, 
inflation-adjusted total expenditures per 100,000 Medicare population decreased from $967,549 
to $584,992, for an overall decrease of 40%, or an annual decrease of 5%. Per patient expenditures 
decreased 2% overall with 0% decrease per year. 

Limitations: Vertebral augmentation procedures were assessed only in the FFS Medicare service 
population. This excluded over 30% of the Medicare population, which is enrolled in Medicare 
Advantage plans.
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Conclusions: This study shows a significant decline in relative utilization patterns of vertebroplasty and kyphoplasty procedures, 
along with reductions in overall expenditures. The inflation-adjusted total expenditures of kyphoplasty and vertebroplasty decreased 
21% with an annual decline of 3%. The inflation-adjusted expenditures per 100,000 of Medicare population decreased 40% 
overall and 5% per year. In addition, vertebroplasty has seen substantial declines in utilization and expenditure patterns compared 
to kyphoplasty procedures, which showed trends of decline. 
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IIn the United States, as the population ages, the 
incidence of osteoporotic fractures, such as vertebral 
compression fractures (VCFs) continues to increase 

(1-4). VCFs can be associated with refractory pain to 
conservative management and drug therapy with 
deformity or progressive neurological symptoms (5-8). 
Minimally invasive vertebral augmentation procedures, 
including kyphoplasty and vertebroplasty, have been 
used for osteoporotic or pathologic fractures, including 
metastatic fractures associated with persistent pain and 
disability nonresponsive to conservative management 
(1-4,9-15). However, significant controversy has been 
present since the publication of 2 randomized controlled 
trials (RCTs) in the New England Journal of Medicine, 
each of which demonstrated no beneficial effect of 
vertebroplasty over sham procedure (16,17). In addition, 
other factors influencing utilization patterns could 
include the enactment of the Affordable Care Act (ACA) 
in March 2010, 7 months following these publications 
(18-20). Multiple publications have provided conflicting 
information in reference to the effectiveness and 
appropriateness criteria of augmentation procedures (1-
15,21-55). During this time, the focus also shifted from 
vertebroplasty to kyphoplasty with significant reductions 
in vertebroplasty procedures (3,36-38,51). Since 2009 
multiple systematic reviews, guidelines, clinical trials, 
cost effectiveness, and quality of life studies have been 
published demonstrating the efficacy of vertebral 
augmentation, which encompasses all percutaneous 
treatment of vertebral fractures, whether just cement is 
injected, or a device such as a balloon is used (1-15,21-50). 
Guidelines from the Department of Health and Human 
Services (HHS) on Best Practices in Pain Management 
prominently focused on interventions to reduce opioids 
and increase the quality of life (51,52). The opioid 
epidemic saw a spike in the number of deaths due to 
COVID-19 (53-62). Consequently, multiple measures 
have been developed to continue interventional pain 
management and provide appropriate care to chronic 
pain patients (63-66). Thus, COVID-19’s pandemic 

and simultaneous revival of the opioid epidemic, in 
conjunction with reduced access, have caused significant 
declines in utilization patterns, as well as expenditures of 
many interventional procedures (53,54,63-66) compared 
to epidural interventions, facet joint interventions, and 
spinal cord stimulators (53,54,67-74). 

There continues to be discrepancies in the presen-
tation of utilization data as well as expenditures. We 
have undertaken this study to assess expenditures and 
utilization patterns of percutaneous vertebral augmen-
tation procedures in the United States fee-for-service 
(FFS) Medicare population from 2009 to 2018. 

Methods

This analysis of expenditures and utilization pat-
terns in the FFS Medicare population was performed 
utilizing a retrospective cohort analysis with methodol-
ogy as described by the Strengthening and Reporting 
of Observational Studies in Epidemiology (STROBE) 
(75). The data was obtained from the Centers for 
Medicare and Medicaid Services’ (CMS) physician 
outpatient billing claims for those enrolled in the FFS 
Medicare program for 2009 through 2018, consisting 
of the standard 5% national sample (76). The sample 
data consisting of 5% from CMS has been reported to 
be unbiased and unpredictable to avoid divulging any 
patient characteristics. However, the data does allow 
tracking of patients over time and across databases. 
Institutional Review Board (IRB) approval was not re-
quired for this study. 

study design 
The estimation of expenditures for vertebral aug-

mentation in FFS Medicare recipients was designed 
as a retrospective cohort study calculating the trends 
of expenditures and utilization patterns from 2009 to 
2018 in the United States (76). In this analysis:
•  A patient was considered as undergoing vertebral 

augmentation over the course of the year, irrespec-
tive of number of visits, episodes, or services. 
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•  An episode was considered as one per region per 
day utilizing primary codes only. 

•  Services or procedures were considered to be all 
procedures, multiple levels including add-on codes. 

setting 
The standard 5% national sample data was ob-

tained from the CMS services physician outpatient 
billing claims for those enrolled in the FFS Medicare 
program from 2009 to 2018. Participants included all 
Medicare FFS recipients receiving vertebral augmenta-
tion. The current procedural terminology (CPT) codes 
included in this analysis are listed in Table 1.

Data Sources 
CMS physician billing claims for those enrolled in 

the FFS Medicare program from 2009 to 2018 provided 
the appropriate data, facilitating the analysis.

Data Compilation 
Data was compiled utilizing Microsoft 365 Access 

and Microsoft 365 Excel (Microsoft, Redmond, WA). We 
removed all vertebral augmentation services not allowed 
or approved with zero payments. One hundred percent 
data was obtained by multiplication by 20 to scale up 
from our 5% sample to the full FFS Medicare population. 
The data were calculated for overall services for each pro-
cedure, and the rate of services, based on utilization per 
100,000 FFS Medicare beneficiaries. Expenditures were 
also calculated for physician and facility for vertebroplas-
ty and kyphoplasty, which included allowable charges for 
physician and facility (ambulatory surgery center [ASC], 
hospital outpatient department [HOPD], office setting). 
All the expenditures were presented with allowed expen-
ditures and were adjusted for inflation to 2018 US dollars. 
HOPD facility allowed charges were estimated based on 
National Average rates.

Variables 
The analysis of trends of utilization and expenditures 

patterns of vertebral augmentation procedures incorpo-
rated multiple variables with analysis and expenditures for 
all procedures, utilization based on statewide and Medi-
care Administrative Contractors (MACs) and location of the 
service provided, either office-, ASC-, or HOPD-based.

Measures 
Allowed services were assessed for each procedure. 

Rates were calculated based on Medicare beneficiaries 
for the corresponding year and are reported as proce-

dures per 100,000 Medicare beneficiaries. Data was as-
sessed for the total number of procedures performed, 
as well as the number of episodes for vertebral aug-
mentation. An episode is considered as one per region, 
irrespective of number of procedures performed.

Bias 
Data was purchased from the CMS by the Ameri-

can Society of Interventional Pain Physicians (ASIPP). 
The study was conducted with the internal resources of 
the primary author’s practice without external funding. 
The expenditures were determined without eliciting 
any bias. Thus, based on the large size of the dataset 
derived from a government source, there was no in-
formation related to patients’ individual identification.

Sample Size 
The size of this retrospective cohort study is robust, 

providing real-world claims data on FFS Medicare pa-
tients undergoing vertebral augmentation for spinal 
pain from 2009 to 2018.

Results

Participants and Characteristics 
In this analysis, the participants were from the 

Medicare database undergoing vertebral augmenta-
tion from 2009 to 2018.

Table 1. CPT codes utilized for vertebral augmentation 
procedures from 2009 to 2018.

CPT code Description

Codes until 2014

22520 Percutaneous Vertebroplasty - Cervical/Thoracic

22521 Percutaneous Vertebroplasty - Lumbar/Sacral

22522 Percutaneous Vertebroplasty - Each additional 
cervicothoracic or lumbosacral 

22523 Percutaneous Kyphoplasty - Cervical/Thoracic

22524 Percutaneous Kyphoplasty - Lumbar/Sacral

22525 Percutaneous Kyphoplasty - each additional 
cervicothoracic or lumbosacral 

Codes from 2015 to 2018

22510 Percutaneous Vertebroplasty - Cervical/Thoracic

22511 Percutaneous Vertebroplasty - Lumbar/Sacral

22512 Percutaneous Vertebroplasty - Each additional 
cervicothoracic or lumbosacral 

22513 Percutaneous Kyphoplasty - Cervical/Thoracic

22514 Percutaneous Kyphoplasty - Lumbar/Sacral

22515 Percutaneous Kyphoplasty - Each additional 
cervicothoracic or lumbosacral 
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Utilization Characteristics
Table 2 shows descriptive data with summary of the 

frequency of utilization of augmentation procedures 
in the Medicare population from 2009 to 2018. The 
data also shows that Medicare population increased 
from 45,801,000 to 59,600,000 in 2018 with an overall 
change of 30% and annual increase of 3%. 

The number of patients undergoing vertebral 

augmentation decreased from 64,640 in 2009 to 52,000 
in 2018, with an overall decrease of 20% and annual 
decrease of 2.4%. The total number of procedures de-
creased from 96,180 to 76,080, a 21% decrease and an-
nual decrease of 2.6%, the rate per 100,000 population 
was 163 in 2009, which decreased to 99 with a 39% 
decline, with an annual decline of 5.3%. For vertebro-
plasty procedures, the total procedures decreased from 

Table 2. Summary of  the frequency of  utilization of  vertebroplasty and kyphoplasty in the Medicare population from 2009 to 2018.

Services Y2009 Y2010 Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Change GM
Medicare 
(,000) 45,801 46,914 48,300 50,300 51,900 53,500 54,900 56,500 58,000 59,600 30% 3.0%

Vertebroplasty

22510 12,600 12,360 9,060 7,660 7,260 5,980 4,860 5,100 5,100 4,560 -64% -10.7%

22511 14,780 12,680 9,840 8,360 6,320 6,220 5,300 5,040 4,800 4,680 -68% -12.0%

22512 6,180 5,860 4,120 4,020 3,160 3,000 3,060 2,560 3,540 2,640 -57% -9.0%

Total 
Services 33,560 30,900 23,020 20,040 16,740 15,200 13,220 12,700 13,440 11,880 -65% -10.9%

Rate 73 66 48 40 32 28 24 22 23 20 -73% -13.5%

Episodes 27,380 25,040 18,900 16,020 13,580 12,200 10,160 10,140 9,900 9,240 -66% -11.4%

Rate 60 53 39 32 26 23 19 18 17 16 -74% -13.9%

Kyphoplasty

22513 23,800 22,740 23,280 22,860 22,900 21,680 21,680 25,260 24,000 23,520 -1% -0.1%

22514 25,680 24,220 24,400 27,000 26,120 26,500 24,760 27,180 26,520 26,000 1% 0.1%

22515 13,140 12,040 11,680 12,660 11,760 12,280 13,320 16,200 16,300 14,680 12% 1.2%

Total 
Services 62,620 59,000 59,360 62,520 60,780 60,460 59,760 68,640 66,820 64,200 3% 0.3%

Rate 137 126 123 124 117 113 109 121 115 108 -21% -2.6%

Episodes 49,480 46,960 47,680 49,860 49,020 48,180 46,440 52,440 50,520 49,520 0% 0.0%

Rate 108 100 99 99 94 90 85 93 87 83 -23% -2.9%

Vertebroplasty & Kyphoplasty combined

Total 
Services 96,180 89,900 82,380 82,560 77,520 75,660 72,980 81,340 80,260 76,080 -21% -2.6%

Rate 210 192 171 164 149 141 133 144 138 128 -39% -5.4%

Episodes 76,860 72,000 66,580 65,880 62,600 60,380 56,600 62,580 60,420 58,760 -24% -2.9%

Rate 168 153 138 131 121 113 103 111 104 99 -41% -5.7%

Visits 74,600 68,920 63,860 63,260 59,980 58,120 56,920 60,180 61,000 59,200 -21% -2.5%

Rate 163 147 132 126 116 109 104 107 105 99 -39% -5.3%

Patients 64,640 59,360 55,100 55,600 52,460 51,260 49,880 51,400 52,680 52,000 -20% -2.4%

Rate 141 127 114 111 101 96 91 91 91 87 -38% -5.2%

Age

>=65 73,440 68,600 63,080 62,380 58,920 57,100 53,980 58,600 56,920 55,560 -24% -3.1%

Percentage 96% 95% 95% 95% 94% 95% 95% 94% 94% 95% -1% -0.1%

Rate 160 146 131 124 114 107 98 104 98 93 -42% -5.8%

< 65 3,420 3,440 3,500 3,500 3,680 3,280 2,620 3,980 3,500 3,200 -6% -0.7%

Rate 7 7 7 7 7 6 5 7 6 5 -28% -3.6%
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33,560 in 2009 to 11,880 in 2018 for a 65% decrease, 
with an annual decrease of 10.9%. The rate of Medicare 
population undergoing vertebroplasty decreased from 
73 to 20 per 100,000 Medicare population, for a 73% 
decrease and an annual decrease of 13.5%. In contrast, 
the changes in kyphoplasty were significantly less dra-
matic. The total number of kyphoplasty episodes were 
62,620 in 2009, increasing to 64,200 in 2018, with a 3% 
increase or 0.3% increase per year. However, the rate of 
Medicare recipients undergoing kyphoplasty declined 
from 137 in 2009 to 108, a 21% decrease overall, or a 
decrease of 2.6% per year. This table also shows that 
majority of the procedures were performed on those 
who were older than 65 years of age. 

Figure 1 shows the rate of utilization of verte-
broplasty and kyphoplasty procedures per 100,000 
Medicare population from 2009 to 2018 in Medicare 
beneficiaries. Figure 2 shows annual change in utiliza-
tion characteristics of kyphoplasty and vertebroplasty. 

Table 3 shows the summary of the frequency of 
utilization of vertebroplasty and kyphoplasty proce-
dures in the Medicare population. Combined data of 
vertebroplasty and kyphoplasty shows that 92% of 
76,860 or 70,840 procedural episodes in 2009 were in 
hospital settings, which decreased to 79% of 58,760 
to 46,540, with an overall utilization decrease of 34% 
and 4.6% per year. The remaining 8% were performed 
with one-third in ASC settings, and two-thirds in an 
office setting in 2009 with the ratio further changing 
to 15% in ASC settings, with office set-
tings showing an increase of 157%, for 
an annual increase of 11.1%. In contrast, 
the episodes of vertebroplasty were 81% 
in hospital settings with 22,100 of 27,380 
in 2009, decreasing to 8,700 constituting 
94%, with a 61% decrease in utilization 
rate overall and 9.8% per year. Thus, 
over the years vertebroplasty procedures 
performed in ASC and office settings 
declined significantly. However, for ky-
phoplasty episodes, the data shows that 
99% of the episodes were performed 
in HOPD settings in 2009 with 48,740 of 
49,480, decreasing to 37,840 of 49,520, 
placing in reference to the proportion at 
76% for an overall decline of 22% and 
annual decline of 2.8%. ASCs showed a 
138% increase overall with 10.1% annual 
increase; however, with only 740 episodes 
in 2009, increasing to 1,760 in 2018. In 

contrast, for office settings they have been performed 
since 2012, with 2,960 of 49,860, increasing to 9,920 of 
49,520, with significant increases of 235% from 2012 to 
2018. Figure 3 shows vertebroplasty and kyphoplasty 
episodes by place of service for Medicare beneficiaries 
from 2009 to 2018. 

Specialty Characteristics
Appendix Table 1 and Appendix Fig. 1 show 

Fig. 1. Rate of  utilization of  vertebroplasty and kyphoplasty procedural 
episodes per 100,000 Medicare population from 2009 to 2018 in Medicare 
beneficiaries.

Fig. 2. Annual change in relative utilization characteristics 
of  kyphoplasty and vertebroplasty per 100,000 Medicare 
population. 
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Table 3. Summary of  the frequency of  utilization of  vertebroplasty and kyphoplasty procedural episodes in the Medicare population 
by place of  service from 2009 to 2018.

Y2009 Y2010 Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Change GM

Vertebroplasty

HOPD* 22,100 20,420 15,760 14,360 12,600 11,480 9,540 9,380 9,040 8,700 -61% -9.8%

% 81% 82% 83% 90% 93% 94% 94% 93% 91% 94% 17% 1.7%

Rate 48 44 33 29 24 21 17 17 16 15 -70% -12.4%

ASC 1,300 1,000 480 360 300 220 220 340 200 220 -83% -17.9%

Rate 3 2 1 1 1 0 0 1 0 0 -87% -20.3%

Office 3,980 3,620 2,660 1,300 680 500 400 420 660 320 -92% -24.4%

Rate 9 8 6 3 1 1 1 1 1 1 -94% -26.6%

Total 27,380 25,040 18,900 16,020 13,580 12,200 10,160 10,140 9,900 9,240 -66% -11.4%

Rate 60 53 39 32 26 23 19 18 17 16 -74% -13.9%

Kyphoplasty

HOPD* 48,740 45,520 45,700 45,540 42,400 40,060 38,600 41,640 39,060 37,840 -22% -2.8%

% 99% 97% 96% 91% 86% 83% 83% 79% 77% 76% -22% -2.8%

Rate 106 97 95 91 82 75 70 74 67 63 -40% -5.6%

ASC 740 1,380 1,980 1,360 1,540 2,020 1,400 1,320 1,720 1,760 138% 10.1%

Rate 2 3 4 3 3 4 3 2 3 3 83% 6.9%

Office - - - 2,960 5,080 6,100 6,440 9,480 9,740 9,920 235%

Rate - - - 6 10 11 12 17 17 17 183%

Total 49,480 46,900 47,680 49,860 49,020 48,180 46,440 52,440 50,520 49,520 0% 0.0%

Rate 108 100 99 99 94 90 85 93 87 83 -23% -2.9%

Vertebroplasty & Kyphoplasty combined

HOPD* 70,840 65,940 61,460 59,900 55,000 51,540 48,140 51,020 48,100 46,540 -34% -4.6%

% 92% 92% 92% 91% 88% 85% 85% 82% 80% 79% -14% -1.7%

Rate 155 141 127 119 106 96 88 90 83 78 -50% -7.3%

ASC 2,040 2,380 2,460 1,720 1,840 2,240 1,620 1,660 1,920 1,980 -3% -0.3%

Rate 4 5 5 3 4 4 3 3 3 3 -25% -3.2%

Office 3,980 3,620 2,660 4,260 5,760 6,600 6,840 9,900 10,400 10,240 157% 11.1%

Rate 9 8 6 8 11 12 12 18 18 17 98% 7.9%

Total 76,860 72,000 66,580 65,880 62,600 60,380 56,600 62,580 60,420 58,760 -24% -2.9%

Rate 168 153 138 131 121 113 103 111 104 99 -41% -5.7%

* HOPD service – about 35% to 40% of procedures were performed inpatient hospital

specialty characteristics performed in vertebral aug-
mentation procedures. While utilization data show 
decrease in utilization of the procedures for all spe-
cialties, radiologists increased from performing 70% 
of the vertebroplasty procedures in 2009 to 79% in 
2018. Further, radiologists also showed increasing uti-
lization of kyphoplasty procedures from 33% of total 
in 2009 increasing to 37% in 2018. In contrast, sur-
geons showed no significant change in utilization of 
vertebroplasty, but with kyphoplasty, their utilization 
declined from 60% in 2009 to 46% in 2018. Of inter-
est, pain management specialists increased utilization 

of kyphoplasty encompassing a total of 6% in 2009 to 
16% in 2018. 

Regional Characteristics
Appendix Table 2 shows procedural episodes 

of vertebroplasty and kyphoplasty based on their 
Medicare contract status for various states. The 
decreases varied overall 12% for First Coast to 32% 
for Palmetto. Appendix Table 3 shows figures based 
on MAC status rate of vertebral augmentation per 
100,000 Medicare population. In contrast to the epi-
sodes, rates show steeper declines with 35% in the 
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Fig. 3. Summary of  the frequency of  utilization of  vertebroplasty and kyphoplasty procedural episodes in the Medicare population 
by place of  service from 2009 to 2018

First Coast jurisdiction and almost reaching 50% in 
Palmetto jurisdictions.

Expenditure Characteristics 
Table 4 and Appendix Tables 4 to 6 show total 

allowed charges by place of service and type of pro-
cedures. The overall inflation-adjusted expenditures 
for vertebral augmentation procedures from 2009 to 
2018 showed a significant decline from $77,630,174 to 
$28,201,089 for a decrease of 64% with an annual de-
crease of 11%. Average inflation-adjusted expenditures 
per patient were $6,855.62 in 2009, which decreased to 
$6,705 with an overall decrease of 2% and an annual 
decrease of 0%. 

Kyphoplasty interventions prior to inflation adjust-
ment, increased 3% overall with a 0% annual increase 
from $312,407,735 in 2009 to $320,454,413 in 2018. 
However, inflation-adjusted expenditures showed a 
12% decrease with an annual decrease of 1%. Expendi-
tures attributed to physicians also decreased 6% over-
all with an annual decrease of 1%. Contributions of 
included facility expenditures, increased overall 3% for 
kyphoplasty with an 87% increase for office settings, 
14% increase for ASC settings, and 24% decrease for 
hospital settings. In contrast, for vertebroplasty, there 
were steep declines of 71% overall with 66% for HOP-
Ds, 85% for ASCs, and 93% for office settings. Overall 

expenditures for vertebral augmentation showed a net 
decrease of $30,102,809, or 8%, from $378,758,311 in 
2009 to $348,655,502 in 2018. However, inflation-ad-
justed expenditures showed a decrease of $94,491,722 
or 21% with an annual decrease of 3% with 2009 ex-
penditures of $443,147,324 to $345,655,502 in 2018.

Per procedure, expenditures are shown in Table 
4 and Appendix Table 4 for combined data showing 
expenditures per procedure of $4,607.48 in 2009 with 
$4,582.75 in 2018 for a net decrease. However, expendi-
tures per vertebroplasty were $2,313.18 in 2009 with a 
slight increase in 2018 of $2,373.83. For kyphoplasty, the 
expenditures in 2009 were $4,988.94 and in 2018, $4,992 
with no net increase. Overall allowed charges as shown 
in Table 4 and Appendix Table 5 per patient on average 
combined were $5,940 in 2009, decreasing to $5,889 in 
2018. However, total expenditures per visit were $2,894 
in 2009 for vertebroplasty with a 7% increase through 
2018 of $3,092. For kyphoplasty, the expenditures were 
$6,538 in 2009 to $6,399 in 2018 for a slight decrease. 
Overall charges per patient for combined vertebroplasty 
and kyphoplasty procedures were $6,856 in 2009 com-
pared to $6,705 in 2018. The total allowed charges were 
$3,384 in 2009 for vertebroplasty with a 3% increase to 
$3,490 in 2018, whereas for kyphoplasty, it was $7,491.79 
for a decrease of 3% to $7,296. Further, inflation-adjust-
ed expenditures show even further declines. 
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Based on our previous analyses, we compared the present expen-
ditures for augmentation procedures and their changes to epidural 
procedures, facet joint interventions, spinal cord stimulation and ver-
tebral augmentation procedures as shown in Fig. 4. 

discussion

From 2009 to 2018 in the Medicare FFS population, there was 
an overall decline in utilization patterns per 100,000 Medicare popu-
lation, along with overall reductions in expenditures for vertebral 
augmentation procedures. Further, the rate per 100,000 Medicare 
population utilization patterns and inflation-adjusted expenditures 
showed significant decreases in overall utilization of 38% from 2009 
to 2018 for a 5.2% annual decrease at the same time that there was 
a 20% decrease in the rate of patients undergoing these procedures, 
or 2.4% annual decrease. From 2009 to 2018, to the contrary, the 
Medicare population had rapid growth of 3% for a total increase 
of 30%. It should be noted that these decreases are larger than the 
declines of overall interventional techniques, but are nevertheless 
similar to adhesiolysis procedures, which have reduced at an an-
nual rate of 12.3% from 2009 to 2018 for an overall total of 69.2% 
(67-73). One can compare this, by contrast, to the overall decrease 
in the use of interventional techniques from 2009 to 2018 of only 
6.7% with an annual decline of only 0.8% per 100,000 FFS Medicare 
population (67-73). A contrast can be found in the utilization of spi-
nal cord stimulation procedures and expenditures, which increased 
dramatically during this time period (74).

Systematic reviews comparing the RCTs by Li et al (2) with inclu-
sion of 20 RCTs involving 2,566 patients with painful osteoporotic 
vertebral compression fractures (OVCFs). They concluded that balloon 
kyphoplasty was considered sufficient to achieve good clinical out-
comes. However, percutaneous vertebroplasty was associated with no 
beneficial effect on the treatment of painful OVCFs compared with 
sham procedure. Sanli et al (1) also performed a systematic review 
of percutaneous cement augmentation in the treatment of osteopo-
rotic vertebral fractures in the elderly with inclusion of 18 studies, and 
confirmed the efficacy of vertebral augmentation. Further, a network 
meta-analysis of multiple options in managing OVCFs by Zuo et al (13) 
including a total of 18 trials among 1,994 patients showed that per-
cutaneous vertebral augmentation with percutaneous vertebroplasty 
and percutaneous kyphoplasty had better efficacy than conservative 
treatment. Percutaneous kyphoplasty was the first option in alleviat-
ing pain in the case of acute/subacute OVCFs for long-term and chronic 
OVCFs for short- and long-term, while percutaneous vertebroplasty 
had the most superiority in the case of the acute/subacute OVCFs for 
short-term. They concluded that percutaneous augmentation proce-
dures had better performance than conservative treatment in alleviat-
ing acute, subacute and chronic OVCF pain for short- and long-term. 
They also showed that nerve blocks may be used for pain relief, in 
both the short- and long-term.
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Fig. 4. Total cost of  
facets, epidurals, 
SCS and vertebral 
augmentation 
procedures.

The 2009 trials led various countries including Aus-
tralia to no longer support augmentation procedures. 
The safety and efficacy of vertebroplasty for acute pain-
ful osteoporotic fractures (VAPOUR) trial (25), which 
was performed in Sidney, Australia, was as a result very 
successful at recruiting patients to a randomized trial of 
vertebroplasty vs. true sham. The result was positive and 
demonstrated the criticality of understanding placebo 
and the difference between active and passive control 
sham (77,78).

Even then, in the 2018 Cochrane vertebroplasty 
review, Buchbinder et al (47) concluded that the review, 
found “no demonstrable clinical important benefit of 
percutaneous vertebroplasty compared with placebo 
(sham procedures)” and “sensitivity analysis confirmed 
that open trials comparing vertebroplasty with usual 
care are likely to have overestimated any benefit of 
vertebroplasty” (46,79). The Cochrane collaboration has 
come under increased scrutiny and been described as a 
“sinking ship” (79). A group of multidisciplinary aug-
mentation subject matter experts utilizing the RAND/
UCLA method of evaluating and synthesizing evidence 
concluded that the data supported using augmentation 
in various clinical scenarios for osteoporotic VCFs (8). 
Subsequently, there was a multijurisdictional MedCAC 
that have ultimately led to appropriate LCDs (80,81).

Another formative development in the conception 
of vertebral augmentation has been the development 
of compelling evidence regarding a survivability ben-
efit in patients treated with augmentation rather than 
non-surgical management. Utilizing the 100% CMS 
sample from a ten-year period, Ong et al (48) studied 

over 2 million patients with VCFs including 261,756 
balloon kyphoplasty and 117,232 vertebroplasty pa-
tients demonstrating a mortality advantage at every 
time point for augmentation patients. The authors 
then applied a number needed to treat analysis on the 
same patient sample (82). This was then followed by 
a meta-analysis that demonstrated a 22% survivability 
advantage for VCF patients treated with augmentation 
(83). Chandra et al (49) reviewed the evidence includ-
ing the recommendations of national societies and pro-
fessional organizations. De Leacy et al (84) expanded 
that analysis to include the burgeoning literature on 
mortality in compression fracture patients. 

In summary, the literature prior to 2009 has been 
favorable toward vertebral augmentation procedures 
(85,86), including a systematic review published prior 
to 2009 with the conclusion that vertebroplasty proce-
dures were safe and effective in 92% of patients and 
kyphoplasty in 87%. The overall evidence of effective-
ness and safety has been positive both in systematic 
reviews, as well as individual studies. In fact, the Na-
tional Institute for Health and Care Excellence (NICE) 
in their 2013 technology appraisal guidance (50) 
came to the conclusion that vertebral augmentation 
procedures were more effective in restoring vertebral 
body height and pain reduction in those patients with 
painful OVCFs that were unhealed. Additionally, they 
found that kyphoplasty and vertebroplasty were both 
cost effective, and when compared to nonsurgical 
management, studies have found that patients with 
compression fractures had an improvement in their 
quality of life, as well as decreased mortality and 
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morbidity when augmentation procedures were em-
ployed (5,48,87-91).

Additional studies have been probed in the contri-
bution that the opioid crisis has had on the decreased 
utilization of interventional techniques (53-62). For in-
stance, a report by Best Practices in Pain Management 
has mentioned decreased utilization of interventional 
techniques (51). On top of that, present policies (53-
62)  may be promoting a decrease in the utilization of 
non-opioid techniques, which unfortunately adds fuel 
to the opioid epidemic.

It is imperative that modern-day gathering of 
evidence requires that evidence-based medicine prin-
ciples be properly applied, including assessment of risk 
of bias and arriving at proper conclusions. However, 
failing to follow the principles of systematic reviews 
and meta-analyses, while at the same time exhibiting 
a confluence of interest, can be found in many high 
profile reviews (7,8,49,50,58-61,92-105). At the same 
time, there are many well-designed systematic reviews 
which have indeed followed appropriate published 
guidelines for the assessment of interventional tech-
niques (8,10,11,15,95).

Since many of the patients receiving augmentation 
procedures for OVCFs are from the Medicare popula-
tion, the data in this review can be assumed to provide 
the best utilization and expenditure data available. 
Nevertheless, it must be remembered that limitations 
of this study include the lack of inclusion of Medicare 
Advantage plans, which account for approximately 
30% of the population. No privately insured patients 
were included in this analysis either. 

conclusion

This study shows a significant decline in utiliza-
tion patterns of combined vertebroplasty and ky-
phoplasty procedures per 100,000 Medicare patients, 
along with reductions in overall expenditures. The 
inflation-adjusted total expenditures of kyphoplasty 
and vertebroplasty decreased 21% with an annual 
decline of 3%. The inflation-adjusted expenditures per 
100,000 of Medicare population decreased 40% overall 
and 5% per year. In addition, vertebroplasty has seen 
substantial declines in utilization and expenditure pat-
terns compared to kyphoplasty procedures, which have 
remained somewhat flat. 
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Appendix Table 1. Summary of  the frequency of  utilization of  vertebroplasty and kyphoplasty procedural episodes in the Medicare 
population by specialty from 2009 to 2018.

Specialty Y2009 Y2010 Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Change GM

Vertebroplasty

Radiologists (30 or 94) 19,280 18,100 14,480 11,960 10,900 9,700 7,880 8,140 7,960 7,280 -62% -10.3%

Percent 70% 72% 77% 75% 80% 80% 78% 80% 80% 79% 12% 1.3%

Rate 42 39 30 24 21 18 14 14 14 12 -71% -12.8%

Surgeons (14 or 20) 4,080 3,900 2,440 2,280 1,700 1,800 1,560 1,400 1,140 1360 -67% -11.5%

Percent 15% 16% 13% 14% 13% 15% 15% 14% 12% 15% -1% -0.1%

Rate 9 8 5 5 3 3 3 2 2 2 -74% -14.0%

Pain Management 
(05, 09, 72 or 25) 3,440 2,740 1,760 1,520 880 620 600 560 640 460 -87% -20.0%

Percent 13% 11% 9% 9% 6% 5% 6% 6% 6% 5% -60% -9.8%

Rate 8 6 4 3 2 1 1 1 1 1 -90% -22.3%

Others 580 300 220 260 100 80 120 40 160 140 -76% -14.6%

Rate 1 1 0 1 0 0 0 0 0 0 -81% -17.1%

Total 27,380 25,040 18,900 16,020 13,580 12,200 10,160 10,140 9,900 9,240 -66% -11.4%

Rate 60 53 39 32 26 23 19 18 17 16 -74% -13.9%

Kyphoplasty    

Radiologists (30 or 94) 16,120 14,120 14,520 17,420 17,360 17,580 16,600 19,580 19,040 18,360 14% 1.5%

Percent 33% 30% 30% 35% 35% 36% 36% 37% 38% 37% 14% 1.4%

Rate 35 30 30 35 33 33 30 35 33 31 -12% -1.5%

Surgeons (14 or 20) 29,600 28,460 27,200 26,600 25,260 23,600 22,760 23,820 22,880 22,580 -24% -3.0%

Percent 60% 61% 57% 53% 52% 49% 49% 45% 45% 46%    

Rate 65 61 56 53 49 44 41 42 39 38 -41% -5.8%

Pain Management 
(05, 09, 72 or 25) 2,960 3,780 5,080 4,940 5,860 6,480 6,620 8,580 8,080 7,880 166% 11.5%

Percent 6% 8% 11% 10% 12% 13% 14% 16% 16% 16% 166% 11.5%

Rate 6 8 11 10 11 12 12 15 14 13 105% 8.3%

Others 800 600 880 900 540 520 460 460 520 700 -13% -1.5%

Rate 2 1 2 2 1 1 1 1 1 1 -33% -4.3%

Total 49,480 46,960 47,680 49,860 49,020 48,180 46,440 52,440 50,520 49,520 0% 0.0%

Rate 108 100 99 99 94 90 85 93 87 83 -23% -2.9%

Vertebroplasty & Kyphoplasty combined

Radiologists (30 or 94) 35,400 32,220 29,000 29,380 28,260 27,280 24,480 27,720 27,000 25,640 -28% -3.5%

Percent 46% 45% 44% 45% 45% 45% 43% 44% 45% 44% -5% -0.6%

Rate 77 69 60 58 54 51 45 49 47 43 -44% -6.3%

Surgeons (14 or 20) 33,680 32,360 29,640 28,880 26,960 25,400 24,320 25,220 24,020 23,940 -29% -3.7%

Pericent 44% 45% 45% 44% 43% 42% 43% 40% 40% 41% -7% -0.8%

Rate 74 69 61 57 52 47 44 45 41 40 -45% -6.5%

Pain Management 
(05, 09, 72 or 25) 6,400 6,520 6,840 6,460 6,740 7,100 7,220 9,140 8,720 8,340 30% 3.0%

Percent 8% 9% 10% 10% 11% 12% 13% 15% 14% 14% 70% 6.1%

Others 1,380 900 1,100 1,160 640 600 580 500 680 840 -39% -5.4%

Rate 3 2 2 2 1 1 1 1 1 1 -53% -8.1%

V&K total 76,860 72,000 66,580 65,880 62,600 60,380 56,600 62,580 60,420 58,760 -24% -2.9%

Rate 168 153 138 131 121 113 103 111 104 99 -41% -5.7%



Appendix Table 2. Summary of  the frequency of  utilization of  vertebroplasty and kyphoplasty procedural episodes in the Medicare 
population by state and 2016 Medicare carrier from 2009 to 2018.

State Y2009 Y2010 Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Change GM

Cahaba

Alabama 1,640 1,180 1,160 1,400 1,220 1,420 1,200 940 940 1,240 -24% -3.1%

Georgia 2,380 2,580 1,880 2,200 1,760 2,000 1,700 1,700 1,660 1,960 -18% -2.1%

Tennessee 1,600 1,500 1,580 1,640 1,260 1,100 1,540 1,300 1,280 1,100 -31% -4.1%

Cahaba Total 5,620 5,260 4,620 5,240 4,240 4,520 4,440 3,940 3,880 4,300 -23% -2.9%

CGS

Kentucky 1,560 1,520 1,440 1,400 1,920 1,260 960 1,300 1,180 1,160 -26% -3.2%

Ohio 3,040 2,580 2,540 2,380 2,620 2,580 2,300 2,660 2,360 2,320 -24% -3.0%

CGS total 1,480 1,060 1,100 980 700 1,320 1,340 1,360 1,180 1,160 -22% -2.7%

First Coast

Florida 7,700 7,800 7,220 6,700 7,000 6,180 6,160 7,260 7,520 6,760 -12% -1.4%

NGS

Connecticut 860 460 620 640 480 260 460 520 440 580 -33% -4.3%

Illinois 3,340 3,040 3,320 3,380 2,800 2,320 2,540 2,920 2,620 2,460 -26% -3.3%

Maine 440 260 280 340 360 460 340 300 580 240 -45% -6.5%

Massachusetts 1,440 1,620 1,340 1,140 1,480 1,480 1,260 1,120 1,540 780 -46% -6.6%

Minnesota 1,100 740 480 340 340 360 280 220 340 320 -71% -12.8%

New Hampshire 300 300 280 460 260 440 200 340 360 380 27% 2.7%

New York 1,900 1,800 1,880 1,920 1,360 1,380 1,560 1,900 1,660 1,580 -17% -2.0%

Rhode Island 80 160 120 140 100 60 80 100 160 100 25% 2.5%

Vermont 120 100 100 60 20 - - 20 200 20 -83% -18.1%

Wisconsin 1,440 820 1,060 820 860 640 600 760 640 660 -54% -8.3%

NGS total 11,020 9,300 9,480 9,240 8,060 7,400 7,320 8,200 8,540 7,120 -35% -4.7%

Noridian

Alaska 60 60 - - - 20 20 - 40 - -100% -100.0%

Arizona 980 1,180 960 600 680 680 780 1,060 880 920 -6% -0.7%

California 4,820 4,480 4,780 4,060 3,420 3,960 3,600 4,300 3,780 3,280 -32% -4.2%

Idaho 680 540 520 220 240 460 260 260 280 280 -59% -9.4%

Montana 200 120 180 60 40 80 100 40 160 160 -20% -2.4%

Nevada 460 480 480 600 660 420 400 120 340 500 9% 0.9%

North Dakota 320 400 300 80 280 120 40 100 160 300 -6% -0.7%

Oregon 320 380 380 140 200 180 260 260 260 320 0% 0.0%

South Dakota 460 420 320 60 80 220 160 120 80 200 -57% -8.8%

Utah 440 380 280 360 260 300 400 300 420 620 41% 3.9%

Washington 1,880 1,240 860 520 460 900 860 780 580 980 -48% -7.0%

Wyoming 160 180 120 80 60 80 100 60 80 -50% -7.4%

Noridian Total 10,780 9,860 9,180 6,780 6,380 7,420 6,880 7,440 7,040 7,640 -29% -3.8%

Novitas

Arkansas 1,440 1,020 1,340 1,440 1,600 1,000 1,560 1,220 1,500 1,040 -28% -3.6%

Colorado 520 560 680 740 620 660 680 660 720 640 23% 2.3%

Delaware 80 320 300 280 180 200 180 180 40 80 0% 0.0%

DC 20 20 20 60 40 20 40 40 20 20 0% 0.0%

Louisiana 800 1,140 760 1,180 800 980 900 940 840 680 -15% -1.8%

Maryland 900 1,020 960 980 840 680 600 740 1,060 1,180 31% 3.1%



State Y2009 Y2010 Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Change GM

Mississippi 940 820 820 1,020 760 1,060 900 1,160 1,080 800 -15% -1.8%

New Jersey 1,080 1,120 780 940 960 740 760 860 800 920 -15% -1.8%

New Mexico 340 260 340 280 180 200 160 200 220 300 -12% -1.4%

Oklahoma 1,500 1,460 1,840 1,920 1,880 1,840 1,440 1,800 1,740 1,660 11% 1.1%

Pennsylvania 2,740 2,380 2,420 1,840 2,260 1,700 1,400 1,780 1,760 1,620 -41% -5.7%

Texas 6,900 6,980 6,020 6,660 5,240 6,340 5,140 5,720 5,120 5,480 -21% -2.5%

Novitas total 17,260 17,100 16,280 17,340 15,360 15,420 13,760 15,300 14,900 14,420 -16% -2.0%

Palmetto GBA

North Carolina 3,480 3,040 2,640 2,800 2,320 2,100 2,340 2,140 1,840 2,100 -40% -5.5%

South Carolina 1,600 1,940 1,520 1,500 1,540 1,480 900 1,620 1,020 1,380 -14% -1.6%

Virginia 3,060 2,280 1,900 2,040 2,240 2,620 2,240 2,240 2,260 2,080 -32% -4.2%

West Virginia 480 320 280 320 400 280 360 560 440 280 -42% -5.8%

Palmetto Total 8,620 7,580 6,340 6,660 6,500 6,480 5,840 6,560 5,560 5,840 -32% -4.2%

WPS

Indiana 2,980 2,280 2,360 1,980 2,000 1,800 1,720 2,100 1,760 1,680 -44% -6.2%

Iowa 580 680 380 580 580 660 400 420 520 540 -7% -0.8%

Kansas 1,600 1,640 1,400 1,680 2,040 1,600 1,740 2,060 1,480 1,400 -13% -1.5%

Michigan 2,520 3,160 2,360 2,380 2,580 2,540 2,360 2,500 2,540 2,520 0% 0.0%

Missouri 2,320 2,260 2,220 2,400 2,300 1,820 2,180 1,980 2,340 1,980 -15% -1.7%

Nebraska 1,100 840 500 940 880 600 480 800 740 940 -15% -1.7%

WPS total 11,100 10,860 9,220 9,960 10,380 9,020 8,880 9,860 9,380 9,060 -18% -2.2%

US 76,860 72,000 66,580 65,880 62,600 60,380 56,600 62,580 60,420 58,760 -24% 0.0%

Appendix Table 2 (cont.). Summary of  the frequency of  utilization of  vertebroplasty and kyphoplasty procedural episodes in the 
Medicare population by state and 2016 Medicare carrier from 2009 to 2018.



State Y2009 Y2010 Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Change GM

Cahaba

Alabama 198 140 134 159 135 153 126 97 93 121 -39% -5.4%

Georgia 199 209 147 167 129 140 115 112 102 117 -41% -5.8%

Tennessee 155 142 145 148 109 93 127 105 99 83 -46% -6.7%

Cahaba Total 184 168 143 158 124 128 122 106 99 107 -42% -5.9%

CGS

Kentucky 210 200 185 176 237 152 114 151 132 127 -39% -5.4%

Ohio 163 136 131 121 131 126 110 123 105 101 -38% -5.1%

CGS Total 131 93 95 83 59 108 108 105 87 84 -36% -4.9%

First Coast

Florida 234 231 208 190 190 162 156 180 175 153 -35% -4.6%

NGS

Connecticut 154 81 107 109 84 45 78 82 67 87 -44% -6.2%

Illinois 185 165 177 177 149 120 129 141 122 112 -39% -5.4%

Maine 170 98 103 123 127 158 114 98 180 72 -57% -9.0%

Massachusetts 139 153 124 103 136 132 110 92 121 60 -57% -8.9%

Minnesota 143 94 60 41 40 42 31 24 35 32 -78% -15.3%

New 
Hampshire 138 134 122 199 111 181 80 128 128 131 -5% -0.6%

New York 65 60 62 62 45 45 49 57 48 44 -31% -4.1%

Rhode Island 44 87 65 74 55 32 42 49 76 46 4% 0.5%

Vermont 111 90 87 51 17 - - 15 144 14 -87% -20.6%

Wisconsin 161 90 114 86 88 63 58 72 58 58 -64% -10.8%

NGS Total 126 104 104 100 87 78 76 81 81 66 -48% -7.0%

Noridian

Alaska 96 91 - - - 27 26 - 44 - -100% -100.0%

Arizona 109 127 100 61 67 65 71 93 72 72 -34% -4.4%

California 104 94 98 81 69 77 68 76 63 54 -49% -7.1%

Idaho 306 235 219 91 94 173 94 92 91 87 -71% -13.0%

Montana 121 71 104 34 22 42 51 20 74 72 -41% -5.7%

Nevada 134 135 129 158 169 103 93 26 69 98 -27% -3.5%

North Dakota 296 366 273 72 252 106 35 84 129 235 -21% -2.5%

Oregon 53 61 59 21 29 25 35 34 32 38 -28% -3.6%

South Dakota 342 308 231 43 56 149 105 77 48 117 -66% -11.2%

Utah 161 134 96 120 86 95 122 87 113 160 0% 0.0%

Washington 200 128 86 51 44 82 75 66 45 74 -63% -10.4%

Wyoming 205 225 146 95 69 89 - 105 59 75 -63% -10.5%

Noridian Total 128 113 102 74 69 78 69 71 63 66 -48% -7.0%

Novitas

Arkansas 277 192 247 261 284 174 266 205 243 166 -40% -5.5%

Colorado 86 90 105 111 90 92 91 84 85 73 -16% -1.9%

Delaware 55 214 195 178 111 118 103 100 21 40 -28% -3.6%

DC 26 26 25 74 56 28 54 45 22 22 -17% -2.1%

Louisiana 119 166 108 164 109 130 117 119 101 80 -33% -4.3%

Maryland 118 130 119 118 104 82 70 80 108 117 -1% -0.1%

Appendix Table 3. Summary of  the utilization of  vertebroplasty and kyphoplasty procedural episode rates in the Medicare population 
by state and 2016 MACs from 2009 to 2018.



State Y2009 Y2010 Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Change GM

Mississippi 193 165 162 197 143 195 162 207 186 135 -30% -3.8%

New Jersey 83 84 58 68 71 54 54 58 52 58 -30% -3.9%

New Mexico 112 83 105 85 54 58 45 54 55 73 -35% -4.6%

Oklahoma 253 242 299 307 296 284 218 239 246 230 -9% -1.1%

Pennsylvania 122 104 105 78 96 71 57 70 67 60 -50% -7.5%

Texas 238 233 194 209 160 187 147 157 132 136 -43% -6.0%

Novitas Total 163 157 146 152 134 130 113 120 112 105 -35% -4.7%

Palmetto GBA

North 
Carolina 240 204 172 179 141 123 133 121 98 109 -55% -8.4%

South 
Carolina 214 251 190 183 178 165 97 172 101 133 -38% -5.2%

Virginia 276 200 162 170 185 210 175 166 158 141 -49% -7.1%

West Virginia 127 84 73 82 100 69 87 134 103 65 -49% -7.3%

Palmetto Total 234 200 163 167 158 152 133 147 117 120 -49% -7.2%

WPS

Indiana 303 227 230 189 185 163 152 183 146 136 -55% -8.5%

Iowa 113 131 73 109 107 119 71 73 87 88 -22% -2.8%

Kansas 376 379 319 375 450 345 367 423 290 268 -29% -3.7%

Michigan 156 191 140 138 143 138 125 132 128 124 -20% -2.5%

Missouri 235 225 217 231 217 167 196 174 198 164 -30% -3.9%

Nebraska 399 301 177 327 304 203 158 255 225 278 -30% -3.9%

WPS total 231 222 185 196 199 169 162 177 162 153 -34% -4.5%

US 168 153 138 131 121 113 103 111 104 99 -41% -5.7%

Appendix Table 3 (cont.). Summary of  the utilization of  vertebroplasty and kyphoplasty procedural episode rates in the Medicare 
population by state and 2016 MACs from 2009 to 2018.
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Appendix Fig. 1A. Vertebroplasty procedural episodes in the Medicare population by specialty from 2009 to 2018. 

Appendix Fig. 1B. Kyphoplasty procedural episodes in the Medicare population by specialty from 2009 to 2018.


