
!
!
!
!
!
!
!
!

ABSTRACT!
!

Radiation!Exposure!and!Cement!Volume!During!!
Fluoroscopy=Guided!Percutaneous!Vertebroplasty!

!
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!
Director:!Richard!Sanker!PhD!

!
!
According!to!new!state!and!federal!mandates,!radiation!exposure!and!patient!
safety!are!being!evaluated,!tracked,!and!recorded.!Through!our!Department!of!
State!Health!Services,!Texas!has!enacted!regulations!to!establish!guidelines!for!
radiation!reporting!for!various!diagnostic!and!therapy.!Vertebroplasty,!the!
procedure!studied,!is!a!minimally!invasive!surgical!procedure!using!a!biopsy!
needle!guided!into!a!fractured!vertebra!under!x=ray!guidance!to!fill!the!spaces!of!
the!damaged!vertebra!with!bone!cement!to!restore!structural!integrity.!
Complications!following!such!a!procedure!have!been!linked!to!over=filling!of!the!
vertebral!body.!The!radiation!exposure,!surgical!time,!and!cement!volume!
injected!per!vertebral!body!during!percutaneous!vertebroplasty!were!
investigated!in!this!cross=sectional!study!of!101!patients!in!Waco,!Texas.!!It!was!
found!that!the!procedures!in!the!lumbar!spine!can!be!performed!slightly!faster,!
and!with!less!fluoroscopic!time!for!the!patients.!Compared!to!the!thoracic!spine!
however,!the!total!body!dose!per!level!was!almost!60%!higher!and!the!skin!entry!
dose!was!almost!70%!higher!per!level.!Vertebral!bodies!in!the!lumbar!region!
required!an!average!of!66%!more!cement!than!vertebral!bodies!in!the!thoracic!
region.!!
!
!
!
!
!
!
!
!
!
!
!



!
!
!
!
!

APPROVED!BY!DIRECTOR!OF!HONORS!THESIS:!
!
!
!
! ! ! ! ! ! ! ! ! ! ! !
!
! ! ! Dr.!Richard!Sanker,!Department!of!Prehealth!Studies!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! APPROVED!BY!THE!HONORS!PROGRAM:!
!
!
!
! ! ! ! ! ! ! ! ! !
!
! Dr.!Andrew!Wisely,!Direcctor!
!
!
!
!
!
!
!
!
!
!
!
DATE:!!! ! ! ! !
!



!
!
!
!
!

RADIATION!EXPOSURE!AND!CEMENT!VOLUME!DURING!!
!

FLUOROSCOPY=GUIDED!PERCUTANEOUS!VERTEBROPLASTY!
!
!
!
!
!
!
!
!
!
!

A!Thesis!Submitted!to!the!Faculty!of!
!

Baylor!University!
!

In!Partial!Fulfillment!of!the!Requirements!for!the!
!

Honors!Program!
!
!
!
!
!
!
!
!
!
By!
!

Aman!Jain!
!
!
!
!
!
!

Waco,!Texas!
!

May!2015!



ii"

 
 

TABLE OF CONTENTS 

Acknowledgements…………………………………………………………………..iii 

Chapter One: Introduction………………………..…………………………………...1 

Chapter Two: Review of Literature…………………………………………………...5 

Chapter Three: Hypotheses…………………………………………………………..12 

Chapter Four: Methods………………………………………………………………15 

Chapter Five: Results………………………………………………………………...17 

Chapter Six: Discussion……………………………………………………………...25 

Bibliography…………………………………………………………………………30 

 

 

 

 

 

 

 

 

 

 

 

 

 



" iii"

 

 

 

ACKNOWLEDGMENTS 

 I would like to thank Dr. Richard Sanker for his motivation and wisdom 

throughout my undergraduate career at Baylor University. I would also like to thank 

Dr. Samina Ali for giving me the opportunity to intern at Providence Hospital during 

my junior year and teaching me all about research in a clinical setting by encouraging 

me to challenge myself and surpass my limits. Thank you to Dr. Adam M. Borowski 

for allowing me to take part in his study and open my eyes to a new branch of 

medicine. Finally, I would like to thank my family and friends for their constant 

support throughout my undergraduate career and beyond. 



! 1!

 

CHAPTER ONE 

Introduction 

 Percutaneous vertebroplasty is a relatively new technique first performed by 

Galibert and colleagues (Galibert et al 1987) used to treat painful vertebral 

compression fractures by injecting bone cement into a vertebral body (Burton et al 

2005). Along with balloon kyphoplasty, it is a minimally invasive percutaneous 

procedure, both of which are widely used for the augmentation of vertebrae. The 

accepted indications for their use include osteoporotic vertebral fractures, spinal 

myeloma, metastases, and haemangionas. Osteoporotic vertebral fractures are the 

most common (Zapałowicz 2015). Both techniques have had a very high acceptance 

and use rate. There is a 95% improvement in pain and a significant improvement in 

function following treatment by either of these percutaneous techniques. (Garfin et al 

2001). Percutaneous vertebroplasty has quickly become a main option for treating 

back pain related to vertebral instability with a spike in use in the last 5 years (Kelekis 

et al 2005) on an outpatient or short stay basis (Burton et al 2005).   

 The spinal column’s essential role in physiological and neurological function 

can be compromised when disease or trauma causes a vertebral body to compress 

under the weight of the body. This produces a vertebral compression fracture (Dewar 

2015). A vertebral compression fracture is defined as a clinical event characterized by 

intense pain lasting 4 to 6 weeks in the fractured site and at least a 15% decrease in 

vertebral body height. The prevalence of vertebral compression fractures in women 

50 years of age and older has been estimated at 26%. Of these clinically detected, 
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84% were associated with pain (Silverman 1992). Approximately 700,000 fractures 

occur every year (Shen and Kim 2006). This is a common ailment among adults older 

than 65 years of age. Those with low bone mass or osteoporosis are at a greater risk. 

(Dewar 2015). The prevalence of one or more vertebral body fractures increases with 

declining bone mass, reaching 42% in women with less than 0.6 g/cm2 spinal bone 

mineral density, measured by dual photon absorptiometry Prevalence increases with 

age, reaching reaching 40% in 80-year old women (Melton et al 1989). Painful 

vertebral compression fractures lead to significant morbidity and mortality such as 

pulmonary dysfunction, eating disorders, pain, loss of independence, and mental 

status changes. (Garfin et al 2001). Mortality rises with greater number of fractures 

from 19 per 1000 woman-years in women with no fractures to 44 per 1000 woman-

years in women with 5 or more fractures (Kado et al 1999). The pain is related to the 

compressive loads placed on the fractured vertebral body by natural body weight and 

forward flexion of the spinal column causing moving of fracture fragments within the 

vertebral body (Old and Clavert 2004). 

 It is estimated that 44 million or 55% of Americans aged 50 years or older 

have osteoporosis. Women account for 80% of the affected individuals. 50% of 

women aged 80 years or older have osteoporosis (NOF Prevalence Report 2002). 

Osteoporosis is a major public health concern causing an estimated 1.5 million 

osteoporotic vertebral compression fractures in the United States. Direct and indirect 

cost for the year 2002 in treatment in osteoporotic fractures such as vertebral 

compression fractures was $17 billion (Shen and Kim 2006). This number is 

projected to increase to greater than $60 billion by the year 2030 (Lemke 2005). This 
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estimate includes 700,000 vertebral compression fractures, 250,000 hip fractures, 

250,000 colles fractures, and 300,000 fractures of other limbs (Burton et al 2005). 

Vertebral fracures cost approximately $746 million in total healthcare cost in the 

United States (Melton 1997). 

 Percutaneous vertebroplasty of spinal malignancy such as vertebral 

compression fractures can be safely performed under CT fluoroscopy guidance with 

no major complications within a 30-day period after the procedure (Trumm et al 

2012). CT fluoroscopy-guided interventional procedures such as percutaneous 

vertebroplasty are performed by using x-ray beams with high peak voltages ranging 

from 50 to 125 kVp. Dose rates at the skin surface range from less than 1 mgy/min in 

very low dose rate fluoroscopy to several grays (Gy) per minute (Balter et al 2010). 

The advantages in the use of such imaging systems in a minimally invasive procedure 

such as percutaneous vertebroplasty are the high-resolution images, various zoom 

levels, different work angles, and intraproccedure image processing (Hugo et al 

2015). CT fluoroscopy is a useful technique, but significant radiation exposure may 

result (Silverman et al 1999).  

Radiation-induced skin damage is a well-known complication of radiation 

therapy. It has been recognized as a rare complication of fluoroscopically guided 

interventional procedures in the past 2 decades (Balter 2010). Serious skin injuries 

can occur as a result of interventional procedures involving extended fluoroscopic 

exposure times (Shope 1996). The onset of these injuries is usually delayed making it 

extremely difficult for the physician to discern the damage by observation 

immediately after the treatment (Burlington 1994). In the 1990’s, a major increase in 
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high-dose fluoroscopically guided interventional procedures in medicine occurred 

(Wagner et al 1999). The Center for Devices and Radiological Health of the US Food 

and Drug Administration received a number of reports of possible radiation injury to 

patients resulting from the use of x-ray systems in 1992 and 1993 (Shope 1996). 

Transient erythema occurs at doses 2 to 5 Gy. Other complications such as permanent 

epilation, ulceration, and desquamation occur at doses above 5 Gy (Kirkwood et al 

2014). Some patients are suffering radiation-induced skin injuries, putting younger 

patients at an increased risk of future cancer diagnosis. In some interventional 

procedures, skin doses approach those experienced in some cancer radiothereapy 

fractions. Injuries to physicians and staff performing the interventional procedures 

have also been observed (Valentin 2000). The FDA recommends several steps for 

reducing these injuries, including establishing protocols for each procedure, 

determining radiation dose rates for specific fluoroscopy systems, and monitoring 

cumulative absorbed dose to areas of the skin (Shope 1996). 
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CHAPTER TWO 

Review of Literature 

 Percutaneous vertebroplasty has a useful role in the treatment of painful 

osteoporotic vertebral compression fractures that do not respond to conventional 

treatments (Garfin et al 2001). In a prospective analysis of 100 patients undergoing 

percutaneous vertebroplasty for osteoporotic vertebral compression fractures, 97% of 

patients reported significant pain relief at 24 hours and 93% noted an increased 

activity level (McGraw et al 2002). Another prospective study of 16 patients 

undergoing percutaneous vertebroplasty for osteoporotic vertebral compression 

fractures, degree of pain improved by 56% by the third day after the procedure 

(Corbet et al 1999). A percutaneous vertebroplasty procedure was performed on a 

patient with a vertebral compression fracture at the T10 vertebral body with a 70-80% 

reduction in vertebral height. Vertebral height improved from the initial 6.09 mm to 

11 mm after treatment. Lumber pain had diminished considerably, with no discomfort 

to date (Hugo et al 2015). There is a slightly elevated risk of a vertebral compression 

fracture in a vertebral body adjacent to the treated level with an odds ratio of 2.27, 

compared to 1.44 in a more remote location (Grados et al 2000). The vertebral body 

immediately above the repaired vertebral compression fracture has the next highest 

amount of strain and the highest risk of secondary fracture (Kayanja et al 2004).  

Pain related to vertebral compression fractures constitutes a more pathologic 

entity secondary to increases in life expectancy in the general population. The causes 

vary, ranging from degenerative, infectious, tumoral, and traumatic events 
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(Anselmetti et al 2013). A prospective cohort study revealed that elderly women 

sustaining vertebral compression fractures had a high age-adjusted mortality rate than 

the cohort without vertebral compression fractures. It was also noted that the risk 

increases with a greater number of fractures and is independent of having low bone 

density, or poor self-reported health (Kado et al 2003). A population-based study of 

survival after osteoporotic fractures reaveled that the overall survival rate was worse 

than expected. The estimated survival rate 5 years after diagnosis was 61% compared 

with an expected value of 76%. Clinically diagnosed vertebral compression fractures 

are rarely fatal. The reduced survival seen was thought to be related to comorbid 

conditions (Cooper et al 1993). Women with 1 or more fractures have a 1.23-fold 

greater age adjusted mortality rate than those without (Kado et al 1999). 

The most common etiology of a vertebral compression fracture is osteoporosis 

(Alexandru and So 2012). Approximately 1.5 million Osteoporotic vertebral 

compression fractures occur in the general US population every year (Barr et al 

2000). Having 1 or more vertebral compression fractures leads to a 5-fold increase in 

the patient’s risk of developing another vertebral fracture within the year (Lindsay et 

al 2001). Increased incidence of new fractures in adjacent segments after the 

procedure is thought to be because of the increased stiffness of the treated vertebra 

compared to the adjacent vertebral bodies. (Shen and Kim 2006). Bone mineral 

density has also been seen to be linked with the relative risk of developing a fracture 

increasing by 4 to 6 times for every 2 standard deviations decreased in bone mineral 

density (Marshall et al 1996). Nonmodifiable risk factors include advanced age, 

female sex, Caucasian race, and history of adulthood fractures. Alcohol and tobacco 
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use, insufficient physical activity, and low body weight have also been seen to 

increase the risk of fractures (Old and Calvert 2004). 

Percutaneous Vertebroplasty vs. Percutaneous Kyphoplasty 

A new procedure, known as percutaneous kyphoplasty, has been developed in 

recent years. In this procedure, a balloon is inflated within the fractured vertebral 

body to create a cavity before cement is injected. This theoretically increases the 

height of the vertebral body significantly, whereas percutaneous vertebroplasty 

minimally increases vertebral body height. For this improvement upon the procedure, 

percutaneous kyphoplasty is 10 to 20 times more expensive than percutaneous 

vertebroplasty (Burton et al 2005), which many patients cannot afford. In fact, 

performing vertebroplasty instead of kyphoplasty reduces hospital costs by nearly 

$5000 for inpatient procedures and by more than $4000 for outpatient procedures 

(Mehio et al 2011). The two procedures were compared and they both achieved the 

same degree of vertebral height restoration. Cement leakage into the disk space 

occurred in 12% of the percutaneous kyphoplasty group and in 25% of the 

percutaneous vertebroplasty group. However, no serious complications related to 

cement leakage were noted (Hiwatashi et al 2009). No significant differences in 

functional outcomes were observed between the techniques. An initial improvement 

with either technique is a good predictor of long-term improvement. 

Procedural Risk of Percutaneous Vertebroplasty 

Percutaneous vertebroplasty is a very technically demanding procedure and 

holds the potential for significant complications (Garfin et al 2001). The risks 

associated with the procedure are low (Burton et al 2005). Complication rates with 
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the procedure range from 1 to 10% (Kelekis et al 2005). Serious complications can 

still occur such as spinal cord compression, nerve root compression, venous 

embolism, and pulmonary embolism. The risk/benefit ratio appears to be favorable in 

carefully selected patients (Burton et al 2005).  

Volume of bone cement injected and bone cement leakage has been 

determined to increase the risk of adjacent fractures (Tseng et al 2009). In severe 

osteoporosis, large disk leaks could lead to collapse of the adjacent vertebral bodies 

(Gangi et al 2006). Although the cement volume is a significant predictor for pain 

relief!(Röder!et!al!2013), overfill can lead to complications such as asymmetric 

distribution, stiffness beyond intact level, and leakage (Liebschner et al 2001).!

Cement!leakage!is!seen!to!increase!with!percent!fill!(Luo!et!al!2009).!In!a!clinical!

setting,!leakage!of!cement!into!the!disk!during!vertebroplasty!increases!the!risk!

of!a!new!fracture!of!an!adjacent!vertebral!body!by!58%.!Only!12%!of!adjacent!

vertebral!bodies!were!fractured!following!a!procedure!in!which!there!was!no!

leakage!(Lin!et!al!2004).!Cement!fill!for!vertebroplasty!should!be!15%!of!the!

fractured!vertebral!body!volume,!which!corresponds!to!4!to!6!cc!for!the!average!

thoracolumbar!vertebral!body!(Martinčič!et!al!2015).!3.5!cc!of!cement!in!the!

thoracolumbar!region!largely!restores!normal!stress!distribution!for!fracture!

and!adjacent!vertebral!bodies.!7!cc!is!required!to!restore!motion!segment!

stiffness!and!load!sharing!between!the!vertebral!bodies!(Luo!et!al!2009).!It!has!

also!been!observed!that!with!medium!viscosity!cement,!4!cc!of!cement!restores!

strength!and!stiffness!to!the!vertebral!body!regardless!of!level!(Belkoff!et!al!

2001).!Complications!resulting!from!leakage,!though!rare,!are!the!most!feared!
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side!effect!of!the!procedure.!It!has!been!reported!that!there!is!a!22.5%!leak!rate!

in!osteoporotic!fractures!(Bhatia!et!al!2006).!In!another!study,!82%!of!patients!

demonstrated!evidence!of!some!type!of!leakage!at!one!or!more!treated!levels!

(Martin!et!al!2012).!Cement!leakage!occurs!to!the!adjacent!disk!in!35%!of!

patients!(Peh!et!al!2002). 

Risks of Prolonged Radiation Exposure 

 Interventional procedures tend to be long and involve fluoroscopy in a single 

area from a prolonged time. Due to the high skin doses generated in the course of 

these procedures, some patients have reported early (less than 2 months after 

exposure) and/or late (2 or more months after exposure) skin reactions. Some were as 

severe as skin necrosis (Wagner et al 1999). Severe radiation injuries can extend into 

the subcutaneous fat and muscles (Monaco et al 2003). Desquamation, dermal 

necrosis, and secondary ulceration occur at 15 to 20 Gy. The absorbance dose rate in 

the skin from the direct beam of a fluoroscopic x-ray system is typically between 0.02 

Gy/min and 0.05 Gy/min (Burlington 1994). The main erythematous reaction is a 

secondary inflammatory reaction to effects occurring in the epidermis (Balter et al 

2010). This can cause years of associated pain, multiple surgical procedures, and 

permanent disfigurement in patients sustaining radiation-induced injuries (Frazier et 

al 2007). Radiation-induced skin reactions due to fluoroscopy are rarely anticipated. 

Total dose is the interval between radiation exposures. In the case of percutaneous 

vertebroplasty, it is the dose from monitoring the skin entry and cement delivery. 

Skin dose is influenced by x-ray field size. These factors can all affect the expression 

and severity of radiation injury (Balter et al 2010). In other studies, since slice 
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acquisition was associated with lower doses than continuous CT fluoroscopy (37 

mGy/cm2 vs. 153 mGy/cm2). Since percutaneous vertebroplasty makes use of 

continuous fluoroscopy, it was observed to have the second highest recorded doses. A 

complex liver intervention had the highest recorded dose (Kloeckner et al 2013). The 

most fundamental factor that increases a patient’s risk for adverse response is a 

previous high dose from an earlier treatment. The size of the patient also plays a 

factor since larger size will require high fluoroscopic outputs in order to get a clear 

image. In such a case, a reasonable benchmark for the operator is to assess the risk-to-

benefit ratio after each absorbed-dose interval of 3 Gy before continuing (Wagner et 

al 1999). 

 Injection of cement is done under continuous lateral fluoroscopic control. This 

allows for early detection of epidural leakage (Gangi et al 2006). Though useful, such 

ionizing radiation is a carcinogen and must be monitored (Srinivasan et al 2014). 

Longer exposure times correlate with larger radiation doses. Fluoroscopy time for 

guidance has been reported as low as 3 minutes (Braak et al 2010) to as high as 27.7 

minutes (Fitousi et al 2006). Lower values such as 3.7 minutes (Ortiz et al 2006) are 

preferred over larger values such as 10.1 minutes (Perisinakis et al 2004). The 

thoracic vertebrae need more accurate placement of the needle in order to avoid 

complications such as pneumothorax and paraspinal hematoma, which may be the 

reason behind the longer exposure time in that region (Anselmetti et al 2011).  

Radiation exposure to the physician during percutaneous vertebroplasty is also 

a major concern, which can be addressed by the location of the operator during the 

procedure. There was a significant decrease in fluoroscopic exposure when the 
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operator stood about 4 meters away from the x-ray tube behind the lead sheet than 

when the operator stood adjacent to the patient as using a conventional manual 

cement delivery device (Zhang et al 2014). High-quality guiding systems can 

minimize lethal conditions and complications (Pedicelli et al 2009). 
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CHAPTER THREE 

Hypotheses 

Research Questions 

 This study addresses the following hypotheses related to cement volume, 

surgery time, fluoro time, fluoro dose, fracture location, patient age, and sex 

demographics among a sample of 101 patients who underwent single level 

fluoroscopy guided percutaneous vertebroplasty at Providence Health Center in 

Waco, Texas in the summer of 2013. 

Research Question 1 

Is the vertebral level (thoracic vs. lumbar) associated with the average skin 

dose and the total body fluoro dose? 

Hypothesis 1. Vertebral columns in the lumbar region (L1 to L5) are more 

likely to require a larger average skin dose and total body fluoro dose than the 

thoracic region due to the thickness of the skin and regional organs. 

Null Hypothesis. There is no relationship between vertebral level and the 

average skin dose and the total body fluoro dose. 

Research Question 2 

Is the vertebral level (thoracic vs. lumbar) associated with the average cement 

volume used? 
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Hypothesis 2. Vertebral columns in the lumbar region (L1 to L5) are more 

likely to require a larger average cement volume than the thoracic region due 

to the larger size of the columns in the lumbar area. 

Null Hypothesis. There is no relationship between vertebral level and average 

cement volume used. 

Research Question 3 

Is the vertebral level (thoracic vs. lumbar) associated with total surgical time? 

Hypothesis 3. Vertebral columns in the lumbar region (L1 to L5) are more 

likely to require a longer surgical time than the thoracic region due to the 

larger size of the lumbar columns. 

Null Hypothesis. There is no relationship between vertebral level and the total 

surgical time. 

Research Question 4 

Is the vertebral level (thoracic vs. lumbar) associated with the average number 

of fractures?  

Hypothesis 4. Vertebral columns in the lumbar region (L1 to L5) are more 

likely to have fractures than the thoracic region due to the heavier weight they 

must carry. 

Null Hypothesis. There is no relationship between vertebral level and the 

average number of fractures. 
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Description of Study 

 Radiation exposure and patient safety are being evaluated, tracked, and 

recorded according to new state and federal mandates. This cross-sectional study 

investigates the relationship between the vertebral region and factors such as average 

cement volume used, total body fluoro dose, surgical time, and number of fractures 

within a sample of 101 adult patients who underwent single level fluoroscopy guided 

percutaneous vertebroplasty at Providence Health Center in Waco, Texas in the 

summer of 2013.  
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CHAPTER FOUR 

Methods 

Study Setting 

 The data for this study were collected between May 02, 2013 and August 26, 

2013 from 101 successive patients (70 women and 31 men) aged 41 to 90 who 

underwent single level fluoroscopy guided percutaneous vertebroplasty at Providence 

Health Center in Waco, Texas in the summer of 2013.  

Sample 

 All of the vertebral compression fractures were confirmed by imaging studies 

prior to the procedure. Data were collected one fracture a day during the course of the 

summer for a total of 101 patients. Only patients undergoing vertebroplasty for single 

level vertebral compression fractures were included in the study. Multilevel fracture 

patients were not included. Patients undergoing balloon augmentation kyphoplasty 

were not included either. 

Procedure and Instruments 

 Data collection was done after each procedure from consenting patients and 

recorded by healthcare personnel involved in the procedure. This information 

included patient sex, age, vertebral column level, surgery time, cement volume used, 

fluoro time, and fluoro dose. All patients were treated in the same interventional 

radiology suite with SIEMENS Neurostar biplane unit with rotational angiography 

capabilities. The same equipment from Osteo-Site 13G Bone Biopsy needle kits was 
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used for each patient. The same Stryker VertaPlex High Viscosity Radiopaque bone 

cement was used for each patient as well. Dr. Adam M. Borowski, Dr. James E. 

Olmsted, Dr. Jeffery R. White, and Dr. Kathleen A. Sorensen performed the 

vertebroplasty procedures. 

IRB Approval 

 The institutional review board of Providence Health Center approved this 

study. 
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CHAPTER FIVE 

Results 

Demographic Data 

Of the 101 patients, 30% were male and 70% were female. Most (71.83%) of 

the female patients were between the age of 70 and 89. Half (50%) of the male 

patients were between the age of 70 and 79.  

 

Figure 1.1 Proportions of patient sex 
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Figure 1.2 Number of patients according to age-range and adjusted for sex 

Hypothesis 1. Radiation Exposure and Vertebral Region 

Vertebral columns in the lumbar region (L1 to L5) are more likely to require a 

larger average skin dose and total body fluoro dose than the thoracic region 

due to the thickness of the skin and regional organs. 

The total patient dose per vertebra was seen to be higher in the lumbar region 

than the thoracic region (Figure 2.1) by 253.2 mGy/m2, a difference of 69%. This 

difference is statistically significant (z=2.59>1.96, 95% CI). The average skin dose 

per vertebra was seen to be higher in the lumbar region than the thoracic region 

(Figure 2.2) by 1,831.7 µGy/m2, a difference of 47.6%. This difference is statistically 

significant (z=1.99>1.96, 95% CI). 
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Figure 2.1 Total fluoro doses for an average thoracic and lumbar vertebra 

 

Figure 2.2 Skin entry fluoro dose for an average thoracic and lumbar vertebra 
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Hypothesis 2. Cement Volume and Vertebral Region 

Vertebral Columns in the lumbar region (L1 to L5) are more likely to require 

a larger average cement volume than the thoracic region due to the larger size 

of the columns in the lumbar area. 

The average cement volume per vertebral level was generally seen to increase 

as the vertebral level decreased (Figure 3.1). The average cement volume per vertebra 

was seen to be higher in the lumbar region than the thoracic region (Figure 3.2) by 

1.85 cc, a difference of 42%. This difference is not statistically significant 

(z=1.79>1.96, 95% CI). 

 

Figure 3.1 Cement volumes for the average vertebra by vertebral level 
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Figure 3.2 Cement volumes for the average thoracic and lumbar vertebra 

Hypothesis 3. Surgical Time and Vertebral Region 

Vertebral columns in the lumbar region (L1 to L5) are more likely to require a 

longer surgical time than the thoracic region due to the larger size of the 

lumbar columns. 

 The average total fluoro time per vertebra was seen to be higher in the 

thoracic region than the lumbar region (Figure 4.1) by 1.17 minutes, a difference of 

22.76%. This difference is not statistically significant (z=0.99<1.96, 95% CI). The 

average total surgical time per vertebra was seen to be higher in the thoracic region 

than the lumbar region (Figure 4.2) by 0.54 minutes, a difference of 3.22%. This 

difference is not statistically significant (z=0.199<1.96, 95% CI). 
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Figure 4.1 Radiation exposure times for the average thoracic and lumbar vertebra 

 

Figure 4.2 Surgical times for the average thoracic and lumbar vertebra 
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Hypothesis 4. Vertebral Fractures and Vertebral Region 

Vertebral columns in the lumbar region (L1 to L5) are more likely to have 

fractures than the thoracic region due to the heavier weight they must carry. 

Vertebral compression fractures were seen to be higher in the thoracolumbar 

junction, with 61% of all fractures occurring between T12 and L3 (Figure 5.1). The 

average number of fractures per vertebra was seen to be higher in the lumbar region 

than the thoracic region (Figure 5.2) by 5.9, a difference of 91%. This difference is 

statistically significant (z=3.39>1.96, 95% CI). 

 

Figure 5.1 Number of fractures encountered per vertebral level 
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Figure 5.2 Number of fractures for the average thoracic and lumbar vertebra 
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CHAPTER SIX 

Discussion 

Demographic Information 

 In our cohort, the prevalence of vertebral compression fractures was seen to 

be much higher in females than in males. These findings are consistent with the 

literature (Ren et al 2015). The distribution of females in the study showed that the 

majority was between 70 and 89 years of age, also consistent with the literature 

(Trout et al 2006). The distribution of males in the study had a left-shift in the bell 

curve with the majority between 70 and 79 years of age. There were no males 

between 50 and 59 years of age nor were there any males above 90 years of age in the 

study, whereas there were females in all of the age groups. This may be due to 

osteoporosis having a higher prevalence in females, which would cause vertebral 

compression fractures earlier in life. Females statistically live longer than men, which 

may contribute to the fact that there were no males above 90 years of age.  

Fracture Levels 

Fractures were most common (61%) in the thoracolumbar junction between 

T12 to L3. None of the other thoracic vertebrae had above 10 fractures and few had 

above 5. When adjusted for binary region, the lumbar region had 29.5% more 

vertebral compression fractures than the thoracic region. A right shift further towards 

the lumbar region was seen in this study. In the literature, fractures have been 

reported to be most common in T6 and L2 (Ralston et al 1990). In our study, L2 was 
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the most common, but T6 was near the bottom in terms of frequency of fracture. This 

inconsistency may have been due to a smaller sample size in our study.  

Radiation Exposure 

As hypothesized, the lumbar region required a higher radiation dose exposure 

as compared to the thoracic region. The average skin dose for the lumbar region was 

higher than the thoracic region by 47.6% (5677.1 µGy/m2 vs. 3845.4 µGy/m2). The 

total patient dose for the lumbar region was higher than the thoracic region by 69% 

(619.8 mGy vs. 366.6 mGy). This difference is due to the presence of organs and 

thick back tissue in the lumbar region. There is more for the radiation to penetrate in 

order to get a clear image of the radiopaque cement, therefore the dose must be 

increased. The back tissue is not as thick in the thoracic region and much of the space 

in the thoracic cavity is occupied by air in the lungs. This makes it easier to get a 

clear image with low doses of radiation.  

Fluoro time was higher in the thoracic region as compared to the Lumbar 

region with a 23% difference (6.3 vs. 5.1 minutes). This may be due to the extra 

precaution when dealing with the thoracic region to avoid complications such as 

pulmonary embolism and spinal compression. These values are consistent with 

fluoroscopy time for guidance described in the literature, which reports values 

ranging from 1.93 to 10.53 minutes. Such values are reported in Harstall et al 2005 

with a mean fluoroscopy time of 2.23 minutes per vertebra and Mroz et al 2008 with 

a mean fluoroscopy time of 5.7 minutes per vertebra. 
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Cement Volume 

As hypothesized, the lumbar region required a higher cement volume than the 

thoracic region. The thoracic region required an average of 3.8 cc/level, whereas the 

lumbar region required an average of 6.3 cc/level, a 66% increase. This is consistent 

with most mean values found in the literature, which ranged from 4 cc to 9.14 cc 

(Uppin et al 2003). Unlike most sources, our study was adjusted for vertebral level 

region. In one adjusted study, it was found that there was no difference in the amount 

of cement used in the thoracic and lumbar regions (Belkoff et al 2001). This 

difference may have been due to the difference in degree of fracture in the patients 

involved in both studies. A larger fracture would require more cement than a smaller 

fracture would. Their study used medium viscosity bone cement, whereas our study 

used high viscosity bone cement. This may have contributed to the difference as well. 

Surgical Time 

Surgical time was higher in the thoracic region than the lumbar region (17.3 

minutes vs 16.7 minutes), which may be due to the increased precaution that must be 

taken in the thoracic region. There are far more severe consequences of a leak in the 

thoracic region than the lumbar region such as a pulmonary embolism and spinal 

compression. Though it took longer, there is only a 3.59% difference in the two, 

which is not statistically significant. Nonetheless, these rates are lower than what is 

reported in the literature. Operative time has been seen to range from 20 to 42 

minutes (Zhang et al 2014). One study contained our data in their range, but their 

range was very large going from 3 to 96 minutes (Braak et al 2010).  
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Sources of Error 

 A potential source of error in this study was the relatively small sample size. 

Due to the small sample size, there were some vertebrae that were presented with a 

fracture in a very small number of patients. For example, T7 only had one occurrence 

in our study. Though this tells us about the risk of fracture in this particular vertebral 

body, it may skew data when calculating average radiation exposure levels. It is 

possible that the one T7 vertebra we had was an outlier among what is actually 

normal for radiation exposure levels in that vertebral level. This may be what skewed 

our fracture prevalence data towards the lumbar side. 

Conclusion 

 This study serves to expand the current scientific literature and knowledge of 

fluoroscopy-guided percutaneous vertebroplasty by adding to the database of studies 

of radiation exposure and cement volume per vertebral body. Fractures were most 

common in the thoracolumbar junction with 61% of all fractures occurring between 

T12 and L3, L2 being the highest. There was a 66% increase in the volume of cement 

used in the lumbar region as compared to the thoracic. This was consistent with 

radiation exposure, which presented the lumbar region requiring a 60% increase in 

total body dose and 70% increase in skin entry dose. The difference in average 

surgical time was insignificant, but the average fluoroscopic time was 23% higher in 

the thoracic region than the lumbar region. We hope that this source of data can help 

act as a reference point for similar spinal interventions in the future. Further research 

can be conducted to review outcome measures, such as pain relief and improvement 
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in life-style over a one-year period after surgery, and to start tracking similar 

information for other high-volume procedures such as kyphoplasty. 
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