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SUMMARY 
Percutaneous vertebroplasty by injecting PMMA bone 

cement into the fractured vertebrae has been widely accepted 
in treatment of spinal compression fracture. However, 
exothermic polymerization bone cement may cause osseous or 
neural tissue injury. This study is thus designed to evaluate the 
potential risk of thermal damage in percutaneous 
vertebroplasty.  

Twelve porcine vertebrae immersed in 37-degree saline for 
experiment. In the first stage study, vertebroplasty without 
cement leakage (Control group, n=6) was simulated. The 
anterior cortex, foramen, posterior cortex and center of 
vertebral body were selected for temperature measurement. 
Parameters including peak temperature and duration above 45 
degrees were recorded. In the second stage, a model (n=6) 
simulating bone cement leaking into the spinal canal was 
designed. The methods for temperature measurement were 
identical as the first stage. 

In Stage 1 (vertebroplasty in porcine vertebral body) study, 
the average maximal temperature at anterior cortex was 42.38 
± 2.23 ℃; neural foramen 39.53 ± 2.10 ℃; posterior cortex 
39.95 ± 2.54 ℃ and vertebral center 68.15 ± 3.47 ℃, 
respectively. The average time interval above 45℃ at anterior 
cortex was 0 second, neural foramen 0 second, posterior 
cortex 0 second and vertebral center 223 seconds respectively. 
Based on the result, temperatures did not exceed 45℃ around 
the vertebral body, except the core of bone cement. In Stage 2 
(cement leakage model) study, the average maximal 
temperature at anterior cortex was 42.7 ± 2.35 ℃; neural 
foramen 41.12 ± 0.45 ℃; posterior cortex 59.12 ± 7.56 ℃ and 
vertebral center 77.33 ± 5.67 ℃, respectively. The average 
time interval above 45℃ was at anterior cortex was 0 second, 
neural foramen 0 second, posterior cortex 329.3 seconds and 
vertebral center 393.2 seconds, respectively. Based on the 
result, temperatures exceeded 45 ℃ at posterior cortex and 
vertebral center. 

The results indicated that bone cement confined within the 
vertebra, the curing temperatures will not directly cause 
thermal injury to the nearby soft tissue. If bone cement leaks 
into spinal canal, exothermic reaction at the posterior cortex 
might result in thermal injury to the neural tissue. 
 
INTRODUCTION 

Osteoporotic vertebral fractures are a major health care 
problem, which cause severe, debilitating back pain with 
consequent reduced physical function and enormous impact on 
quality of life. Surgery is indicated in patients who have 
symptoms refractory to conservative treatment modalities, and 

in patients who have spinal instability and progressive 
neurologic deficit.  

Vertebroplasty, the percutaneous injection of 
polymethylmethacrylate (PMMA) into the fractured vertebral 
body, has been widely accepted as a treatment for painful 
osteoporotic vertebral fractures. PMMA is biocompatible and 
nonabsorbable. Because PMMA cement cures rapidly, 
reconstructions are mechanically stable within a few hours of 
surgery. However, the use of PMMA in vertebral 
augmentation also brought complication and risk. Possible 
cytotoxic and hypotensive effects of PMMA monomer have 
been studied [1]. The possible cause of neurologic deficit after 
intraspinal bone cement leakage is mechanical compression to 
the spinal cord [2]. The authors hypothesized that thermal 
injury could happen if cement leakage occurred during 
vertebroplasty. For vertebroplasty, the heat that develops 
while PMMA cures may damage not only the surrounding 
body tissue but also adjacent soft tissue, including spinal cord, 
nerve root, major vessels, and even lung parenchyma in 
thoracic spine [3]. Wilkes reported cases of paraplegia that 
they attributed to thermal injury after PMMA injection into a 
vertebral body [4]. In an animal model, Uchiyama reported 
that protein damage and cell death aggravate when the 
temperature goes above 45℃ [5]. However, previous literature 
addressing thermal damage during vertebroplasty is lacking. 
The aim of the present study was thus designed to illustrate the 
potential risk of thermal damage in percutaneous 
vertebroplasty in an in vitro animal model. 

 
METHODS 
Stage 1.  Vertebroplasty in porcine vertebral body 

Six fresh vertebral bodies (T10-L1) harvested from fresh 
porcine spines were used. The vertebrae were disarticulated 
and their discs were excised. In order to standardize the 
baseline temperature, all specimens were immersed in 37-
degree saline water tank 30 minutes before injection of bone 
cement. Needle thermocouples) were used to record the 
temperature. To facilitate the attachment of thermocouples to 
the designated locations, the cortex of vertebral body was 
penetrated using a 20-gauge needle.  Thermocouples were 
inserted to a depth of 1.0 mm. After injection of PMMA 
cement, the temperature changes at the following four 
locations of vertebral body were measured simultaneously: (1) 
The anterior thermocouple is attached to the anterior cortex, 
representing the thermal effect to great vessels. (2) The 
foramen thermocouple is attached to the inferior cortex of the 
pedicle. This site is selected to determine the risk of thermal 
damage to the nerve roots. (3) The posterior thermocouple is 



attached to the posterior cortex. This site is selected to 
determine the risk of thermal damage to the spinal cord. (4) 
The central thermocouple is placed in the center of vertebral 
body, representing the core temperature of PMMA cement 
(Figure 1A). Parameters including peak temperature and 
duration above 45 degrees were recorded. 

The cavity of each porcine vertebral body was created by 
drill to simulate a bone defect in the vertebral body. Each 
vertebra receives 3.8 cc PMMA cement (Simplex○R P, Stryker 
Inc., Ireland) embedding into the man-made cavity of 
vertebral body. Temperature changes were measured during 
the curing of bone cement. Data were collected at 1 Hz. 
 
Stage 2. Bone cement leakage model 

A bone cement leakage model simulating vertebroplasty 
with cement leakage was designed using the porcine spinal 
vertebrae. Another six fresh vertebral bodies (T10-L1) 
harvested from fresh porcine spines were used. The center 
between bilateral pedicles was designated as the leakage point 
of posterior cortex. A 2 mm drill tip was used to penetrate the 
cortex to create the leakage point. Simplex○R P bone cement 
was injected into the cavity as described in Stage 1. The 
posterior aspect of vertebral body is kept in horizontal position. 
The amount of injected bone cement depends on the amount 
of leaked bone cement. The bone cement was injected 
continuously until the leaked bone cement flooding the margin 
of vertebral body. By this method, we can standardize the 
amount of leaked bone cement for each specimen (Figure 1 B 
and C). Needle thermocouples were connected to the 
designated 4 points as described in Stage 1. Temperature 
measurement on the four locations mentioned previously was 
performed in a 37℃ saline water tank. Parameters including 
peak temperature, duration above 45℃ and time required to 
reach the peak temperature were recorded simultaneously 
during the entire process of PMMA cement polymerization.  
 
RESULTS AND DISCUSSION 

In Stage 1 (vertebroplasty in porcine vertebral body) study, 
the average maximal temperature at anterior cortex was 42.38 
± 2.23 ℃; neural foramen 39.53 ± 2.10 ℃; posterior cortex 
39.95 ± 2.54 ℃ and vertebral center 68.15 ± 3.47 ℃, 
respectively. The average time interval above 45℃ at anterior 
cortex was 0 second, neural foramen 0 second, posterior 
cortex 0 second and vertebral center 223 seconds respectively. 
Based on the result, temperatures did not exceed 45℃ around 
the vertebral body, except the core of bone cement.  

In Stage 2 (cement leakage model) study, the leaked bone 
cement within the spinal canal is 1.18 ± 0.23 mL. The average 
maximal temperature at anterior cortex was 42.7 ± 2.35 ℃; 
neural foramen 41.12 ± 0.45 ℃; posterior cortex 59.12 ± 7.56 
℃ and vertebral center 77.33 ± 5.67 ℃, respectively. The 
average time interval above 45℃ was at anterior cortex was 0 
second, neural foramen 0 second, posterior cortex 329.3 
seconds and vertebral center 393.2 seconds, respectively. 
Based on the result, temperatures exceeded 45 ℃ at posterior 
cortex and vertebral center. Temperatures at anterior cortex, 
neural foramen did not exceed 45℃ in vertebroplasty with or 
without cement leakage. However, the peak temperature and 

duration above 45℃ increased at posterior cortex in cement-
leakage model (Figure 2). Vertebroplasty with cement leakage 
resulted in thermal damage to the surrounding soft tissue. 

Our result reveals that bone cement leaking into the spinal 
canal will potentially cause thermal injury to neural tissue. 
Besides commonly accepted concept of neural compression 
due to space occupying bone cement in the spinal canal, the 
exothermic reaction of bone cement might result in neural 
tissue damage if there is direct contract of bone cement and 
neural tissue. 

 
Figure 1: (A) Schematic drawings show the four locations of 
four thermocouples: (a) anterior cortex, (b) neural foramen, (c) 
center of vertebral body, and (d) posterior cortex. X-ray 
photos of porcine vertebra after vertebroplasty show (B) no 
leakage, and (C) cement leakage into spinal canal. 

 
Figure 2:  The difference of the average peaks temperatures at 
posterior cortex between stage 1 (without cement leakage) and 
stage 2 (with cement leakage) is statistically different. 
 

CONCLUSIONS 
  Cement leakages into spinal canal will potentially causes 
neural compression due to space-occupying cement as well as 
thermal injury due to exothermic reaction of cement 
polymerization. 
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