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a b s t r a c t 

Background: Vertebral fractures, frequently resulting from high-impact trauma to the spine, are an increasingly 

relevant public health concern. Little is known about the long-term economic and demographic trends affecting 

patients undergoing surgery for such fractures. This study examines national economic and demographic trends 

in vertebral fracture surgery in the United States to improve value-based care and health care utilization. 

Methods: The National Inpatient Sample (NIS) was queried for patients who underwent surgical treatment of 

a vertebral fracture (ICD-9-CM-3.53) (excluding kyphoplasty and vertebroplasty) between 1993 and 2015. De- 

mographic data included patient age, sex, income, insurance type, hospital size, and location. Economic data 

including aggregate charge, aggregate cost, hospital cost, and hospital charge were analyzed. 

Results: The number of vertebral fracture surgeries, excluding kyphoplasty and vertebroplasty, increased 461% 

from 3,331 in 1993 to 18,675 in 2014, while inpatient mortality increased from 1.9% to 2.5%. 

The mean age of patients undergoing vertebral fracture surgeries increased from 42 in 1993 to 53 in 2015. 

The aggregate cost of surgery increased from $189,164,625 in 2001 to $1,060,866,580 in 2014, a 461% increase. 

Conclusions: The significant increase in vertebral fracture surgeries between 1993 and 2014 may reflect an 

increased rate of fractures, more surgeons electing to treat fractures surgically, or a combination of both. The 

increasing rate of vertebral fracture surgery, coupled with increasing hospital costs and mortality, signifies that 

the treatment of vertebral fractures remains a challenging issue in healthcare. Further research is necessary to 

determine the underlying cause of both the increase in surgeries and the increasing mortality rate. 
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Vertebral fractures most commonly occur in the thoracolumbar re-

ion of the spine (T11 to L2) [1] . This region is highly susceptible to

njury because it acts as a fulcrum between the more rigid thoracic spine

nd the more flexible lumbar spine [2] . The most common types of frac-

ures in these regions are chance fractures and thoracolumbar burst frac-

ures. Vertebral fractures normally result from high-impact trauma to
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he spine [3] . However, in older patients or in those with comorbidities,

hey can result from low-impact trauma (such as a fall from a standing

eight) [ 4 , 5 ]. 

Most vertebral fractures can be managed non-operatively with

racing to immobilize the spinal column [ 6 , 7 ]. However, in cases

here there are progressive neurological deficits, gross spinal in-

tability, or intractable pain, surgical intervention is often required

6] . Surgical treatment normally involves decompression of the neu-
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Fig. 1. Incidence of vertebral fracture repair surgery per 100,000 discharges in 

the US between 1993 and 2015. 

Fig. 2. The percentage of patients in each age group was graphed. The percent- 

age of patients in the 1–17 and 18–44 age groups decreased between 1997 and 

2014 while the percentage of patients in the 45–64, 65–84, and 85 + age groups 

all increased between 2004 and 2014. 
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al elements and internal fixation to stabilize the affected vertebrae

8] . 

Vertebral fractures represent a large public health concern given

heir underdiagnosis and proclivity for re-fracture. If left untreated,

 patient’s likelihood to develop another vertebral fracture increases

ve-fold [9] . In 2005, 26.1% of patients with a vertebral fracture

xperienced a re-fracture within a year. They incurred an extra $5,906

n medical expenses due to this re-fracture [9] . Burge et al projects

ertebral fractures to increase in cost (52%) and incidence (53%) by

025 [10] . There has been a significant investigation into the costs

ssociated with vertebral fractures, however, there is little information

bout the changing economic and demographic identifiers associated

ith vertebral fracture surgery. Economic and demographic trends are

ital factors to consider when formulating new healthcare policies or

mproving surgical decision-making. 

The purpose of this study was to investigate economic and demo-

raphic trends pertaining to the surgical treatment of vertebral frac-

ures between 1993 and 2015 using data from the National Inpatient

ample (NIS) database. We hypothesize that the number of vertebral

racture surgeries and their cost should have increased between 1997

nd 2014 especially with the increased rate of fractures and with more

pine surgeons electing to treat vertebral fractures surgically. To the

uthors’ knowledge, this is the largest study of its kind investigating

emographic and economic trends in vertebral fracture surgery. 

ethods 

ata source 

The National Inpatient Sample (NIS) was queried for all patients un-

ergoing vertebral fracture surgeries between 1993 and 2015. The NIS

atabase was developed through the Healthcare Cost and Utilization

roject (HCUP) and is maintained by the Agency for Healthcare Re-

earch and Quality (AHRQ). The NIS comprises a weighted sample of

ischarges from US hospitals (excluding rehabilitation and long-term

cute care hospitals) and represents 96% of the US population. 

atient selection and characteristics 

The database was queried between 1993 and 2015 for patients who

nderwent vertebral fracture surgery using the International Classifica-

ion of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM 3.53)

11] . Patients undergoing kyphoplasty or vertebroplasty were excluded.

ue to the switch from ICD-9 to ICD-10 in 2015, only a few data were

ollected for that year, and therefore the year 2015 was excluded in

ome of the statistical comparisons. 

Demographic data gathered included age, sex, income, insurance

ype, hospital size, mortality, length of stay (LOS), and hospital loca-

ion. Patient age was classified as: < 1, 1-17, 18-44, 45-64, 65-84, and

5 + . Patients classified as the low-income group lived in a zip code with

 mean income in the bottom quartile for that year. Insurance Payers

ncluded Medicare, Medicaid, Private Insurance, Uninsured, Other, and

issing. The other category included patients with Tricare/CHAMPUS, a

ealth care program of the United States Department of Defense Military

ealth System; CHAMPVA, the Civilian Health and Medical Program of

he Department of Veterans Affairs; Title V, a program that is available

o low-income women, children and adolescents who are not eligible for

edicaid, CHIP, CHIP Perinatal or another source that covers the same

ervice; workers compensation and other governmental programs ex-

luding Medicare and Medicaid. The uninsured category included those

lassified as being no charge or self-pay. The hospital size was classi-

ed into three groups: small, medium, and large, based on bed count.

he location of surgery was based on geographical regions of the United

tates: Northeast, South, Midwest, and West [11] . 

Economic data on vertebral fracture surgeries included hospital

harges and costs, and aggregate hospital charges and costs. In terms of
2 
urgical treatment, kyphoplasty and vertebroplasty in addition to out-

atient procedures were excluded. Hospital charge represents the mean

mount that a US hospital charged for vertebral fracture surgery. Aggre-

ate charge or the “National Bill ” is defined as the sum of all hospital

harges in the United States. Aggregate cost represents the cost of pro-

uction for all specific procedures across the United States. 

esults 

Tabulated from the database, an estimated 256,823 patients under-

ent vertebral fracture surgery between 1993 and 2014. In that period,

he number of vertebral fracture surgeries rose 461% from 3,331 cases in

993 to 18,675 cases in 2014. The largest increase was in 2003 when the

otal number of cases rose from 15,436 cases in 2002 to 22,586 cases

n 2003, a 46% increase. The peak prevalence was observed in 2003

 Fig. 1 ). Between 1993 and 2015, the incidence per 100,000 increased

57% from 1.28 in 1993 to 5.86 in 2014 ( Fig. 2 ) . 

Most patients who underwent vertebral fracture surgeries between

997 and 2014 were between the ages of 18 and 44 (40%). The percent-

ge of patients who were between 18 and 44 decreased from 50% in

997 to 33% in 2014. In 1997, 24% of patients receiving surgery were

ged 45-64, this increased to 31% by 2014. In 1997, 14% of patients

eceiving surgery were aged 65-85, this increased to 28% in 2014. In

997, 3% of patients receiving vertebral fracture surgery were 85 + , this
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Fig. 3. Percentage of patients’ Insurance payers for surgeries between 1997 

and 2014. Medicare and Medicaid utilization increased between 1997 and 2014 

while private insurance and uninsured patients decreased between 1997 and 

2014. 
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ncreased to 5% in 2014. In 1997, patients aged 1-17 composed 9% of

hose receiving surgery, this decreased to 3% in 2014 ( Fig. 3 ). Between

997 and 2015, the mean age of patients undergoing surgery increased

y 11 years, from 42 in 1997 to 53 in 2015. The peak mean age was

bserved to be 67 in 2003. 

Over the study period, 59% of vertebral fracture surgery patients

ere male and 41% were female. 76% of all patients were classified as

not low income ”. There were 72% of all patients who had their surgery

t a teaching hospital and 75% had it at a “large ” hospital (75%). Ge-

graphically, the Southern region of the United States accounted for

he largest fraction of vertebral fracture surgeries (41%). In 1997, 56%

f patients were privately insured but this decreased to 39% by 2014.

edicare beneficiaries saw the biggest increase over the study period

rom 16% of patients in 1997 to 31% of patients in 2014. The prevalence

f Medicaid patients increased from 10% to 14% in the same time pe-

iod. The percentage of uninsured patients decreased from 8% in 1997 to

% in 2014. Additionally, patients with an “other ” payer type decreased

rom 11% in 1997 to 9% in 2014 ( Fig. 4 ). 

The rate of routine discharge decreased by 14% between 1997 and

015. In 1997, the rate of routine discharge was 53% and this decreased

o 39% in 2015. In 1997, 33% of patients were discharged to a nursing

ome or rehabilitation facility and this percentage increased to 45% in

015. The percentage of patients discharged to home health care was

% in 1997 and this increased to 11% in 2015. In 1997, 5% of patients

ere discharged to another short-term care hospital and this decreased
o 2% in 2014. v  

3 
The mean hospital charge for vertebral fracture surgery increased

rom $43,394 in 2001 to $175,141 in 2014, a 304% increase. In

006, the mean hospital cost was $42,104 and this increased to

44,258 in 2014. The aggregate charge ( “National Bill ”) increased

rom $189,164,625 in 2001 to $1,060,866,580 in 2014, a 461% in-

rease. In 2006, the aggregate cost was $146,014,536. This increased

o $268,255,693 in 2014, an 84% increase. The mean length of stay

ecreased from 11.2 days in 1997 to 9.5 days in 2015 (figures are not

djusted for inflation). Overall, mortality increased from 1.85% in 2001

o 2.52% in 2015. 

iscussion 

Due to the increased risk for future vertebral fractures, back pain,

oss of neurologic function, and progressive kyphosis, surgery has be-

ome an increasingly common intervention for the treatment of verte-

ral body fractures. To better understand the nature of vertebral fracture

urgery, this study utilized the NIS database. To the authors’ knowledge,

his is the largest study of its kind which investigates the economic and

emographic trends and impact of vertebral fracture surgery. 

Between 1993 and 2014 the number of patients surgically treated

or a vertebral fracture rose by 461%. It is possible that the inci-

ence is even higher given that prior works have estimated that two-

hirds of vertebral fractures are undiagnosed due to radiological errors

nd dismissal of symptoms by patients [12] . The increase in surgical

reatment may be explained by the increased use and recent improve-

ents in radiological detection of vertebral fractures between 1993 and

014 [13] . 

The fluctuations in the incidence of vertebral fracture surgeries may

e explained by legislative actions that took place over the last decade.

n 2000, Congress passed the Benefits Improvement and Protection Act

BIPA) which increased Medicare payments to health care providers

14] . Between 2000 and 2003, the number of patients covered by Medi-

are increased by 21%. Then, in 2003, Congress passed the Medicare

rescription Drug, Improvement, and Modernization Act (MMA), which

urther restructured the program [14] . Between 2003 and 2004, there

as a 32% decrease in the percentage of patients covered by Medicare.

imilarly, between 2000 and 2004, the percentage of patients aged 65-

4 showed a similar trend in that the percentage of patients in this age

roup increased by 23% between 2000 and 2003, only to decrease by

6% in 2004. 

Between 2001 and 2014, the mean hospital charge for vertebral

racture surgery increased by 304%. Related literature has identified

 similar trend toward increasing costs, although no specific cause to

xplain this trend has been confirmed [ 12 , 15 ]. This trend is important

o consider given that the number of vertebral fracture surgeries

erformed over this same period had increased by 85%. This increase in

ertebral fracture surgery incidence and cost is reflected in the aggre-
Fig. 4. Percentages of different locations to which patients 

who received vertebral fracture repair were discharged be- 

tween 1997 and 2015. 
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[  
ate charge which increased 461% between 2001 and 2014. In 2025,

he mean hospital charge is expected, using a logarithmic projection,

o increase to $340,477 and the aggregate charge is expected, using

 linear projection, to increase to $1,791,381,298. This signifies that

ertebral fracture surgeries are going to become increasingly expensive

nd the most cost-effective approaches and selective indications should

e investigated to provide equal and equitable care to all. 

In the present study, there was a notable increase in the percentage

f people aged 45-64 (7%), 65-85 (14%), and the mean age of patients

11 years) between 1997 and 2014. This may be representative of an in-

reasingly aging population in the United States [10] . In addition, there

re associated risk factors with increased age which can also explain

his trend. These include osteoporosis, decreased BMI, lower levels of

strogen, vertebral deformity, and a high resting pulse, and have been

ssociated with an increased risk of fracture in patients 65 + [16–18] .

ouxsein, et al, reported that in patients 65 + , a vertebral fracture may

esult from normal daily activities, such as lifting a heavy object [5] .

enter et al also found that even low-impact trauma, such as a fall from

 standing height, is sufficient to cause a fracture in patients aged 60 +
4] . Further research is needed to investigate other causes which affect

ertebral fracture incidence that is age dependent. 

Between 2001 and 2015, mortality increased from 1.85% to 2.52%

a concerning trend. This may be the result of invasive procedures be-

ng performed on an aging population with more comorbidities [ 10 , 19 ].

tudies have found that mortality associated with the vertebral fracture

urgery population is normally the result of cancer, cardiovascular dis-

ase, and pulmonary disease [20–22] . However, analysis of mortality

nd morbidity rates associated with different treatments using the Medi-

are database has found that patients who undergo surgical treatment

or vertebral fractures experience lower mortality and morbidity rates

han those who undergo conservative management [20] . Some have sug-

ested that this decrease in mortality rate associated with treatment may

e caused by increased pulmonary function following surgery [ 20 , 23 ].

urther research is needed to determine the exact cause for this increase

n the observed mortality rate. 

An estimated 50% of patients treated for a vertebral fracture will

equire some form of additional care associated with their surgery fol-

owing discharge and 34.4% of patients will require multiple surgeries

24] . Thus, given the increase in vertebral fracture surgeries, it is im-

ortant to consider therapeutic options which may help improve one’s

one quality to decrease a patient’s risk of developing a fracture. While

any of these fractures can be treated non-operatively, poor bone qual-

ty can also be a contributing risk factor for surgical treatment. Studies

nvestigating the use of calcitonin, vitamin D, and bisphosphonates in

he treatment of osteoporosis in patients 60 + have found them all to be

ffective in lowering a patient’s risk for developing a vertebral fracture

25–27] . All of these medications work to minimize bone density loss,

nd thus make the bones more resistant to fragility fractures [ 19 , 28 ].

lthough these medications have proven effective in attenuating the

rogression of osteoporosis, only about 30% of patients who suffer a

ertebral fracture report using one of these medications at the time of

racture [29] . Therefore, further effort should be devoted to proactively

reating osteoporosis before it progresses enough to cause a vertebral

racture. This can in turn decrease complications, mortality, and health-

are expenditure costs. 

This study is not without limitations. This study was designed to de-

cribe trends and compare them to the results of other investigations.

herefore, any hypothesis presented to explain these trends is purely

peculative in nature. Additionally, the NIS database categorizes data

sing the ICD-9-CM, which has one code for all types of vertebral frac-

ure surgeries. Center, et al, found that patients who have one verte-

ral fracture have an increased re-fracture risk, even after 15 years [4] .

herefore, since the ICD-9-CM code does not distinguish between ini-

ial fractures and subsequent fractures, vertebral re-fracture rates might

onfound the increase in vertebral fracture surgeries observed. Another

omplication of the granularity of the ICD-9-CM codes is that it is not
4 
ossible to delineate between the different types of vertebral fractures

hich could have precipitated the need for surgery. This could be fur-

her complicated by inaccuracies in the ICD-9-CM billing record, errors

n transferring hospital records to the NIS database, and a lack of data

bout revision surgeries. Lastly, data pertaining to pathological condi-

ions which might put a patient at increased risk of developing a ver-

ebral fracture like osteoporosis, cancer, and Paget’s disease was not

vailable and therefore was not analyzed. 

onclusion 

Vertebral fractures represent a large concern to individuals over 50,

iven their increased risk of fracture. The purpose of this study was

o describe demographic and economic trends in patients who undergo

ertebral fracture surgery. Understanding these trends will aid health-

are professionals and health policymakers in making evidence-based

ecisions about the treatment of vertebral fractures. This study found

hat the number of vertebral fracture surgeries increased by 461% be-

ween 1993 and 2014, most surgeries were performed on males (59%),

ost patients were aged 18-44 (40%), and the majority of surgeries were

erformed at teaching hospitals (72%). Additionally, the percentage of

atients covered by Medicare increased between 1993 (16%) and 2014

31%) and the percentage of patients using private insurance decreased

etween 1993 (56%) and 2014 (39%). Between 2001 and 2014, the na-

ional bill for vertebral fracture surgery increased by 461%, and mortal-

ty increased by 0.67% between 2001 and 2015. Further research needs

o be performed to understand the underlying causes of these trends. 
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