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Abstract 
One of the problems in the world, especially in old age groups, is osteoporotic fracture. Although osteoporotic 

fracture can be improved by conservative treatment, in some cases medical treatment is not sufficient and the 

patient's clinical symptoms continue or thecollapse increases. Given the old age of most patients and medical 

problems that increase the side effects of anesthesia and surgery and also osteoporosis that precludes the use of the 

device for spinal fusion, conventional open surgery would be difficult and associated with significant side effects. 

Hence, the need for less invasive procedures will be necessary to reduce pain and improve symptoms. One of the 

procedures used in these cases is vertebroplasty and kyphoplasty. In this study, we investigate osteoporotic 

vertebral fractures, vertebroplasty and kyphoplasty and their indications, contraindications, complicationsm and 

techniques and as well as their results. 
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Introduction 

Osteoporosis prevalence increases with increasing age 

of the population. Fracture is a common complication 

in patients with osteoporosis and vertebral fracture is 

the most common type of fracture in these patients 

[1]. Osteoporotic vertebral fracture is one of the main 

problems of health in elderly communists [2]. 

Osteoporotic fractures are 2 to 3 times more common 

in women. In the United States and Europe145 cases 

per 100,000 women per year and 73 cases per 100,000 

men per year have an osteoporotic fracture [3]. 

Prevalence of these fractures increases with increasing 

age of the population. In addition to osteoporosis, 

other lesions such as vertebral haemangiomas [4], 

primary tumors, particularly multiple myeloma, 

lymphoma,and aneurysmal bone cyst, and metastatic 

tumors may be leading to vertebral fracture [5]. These 

fractures may occur by daily activities such as bending 

from the waist, lifting, and even sitting on the chair. A 

lot of them may not be detected and about 70% of 

patients do not refer to a physician for the medical 

assessment [1]. The main manifestation of these cases 

is acute low back pain. This pain is often limited and 

responds to the counter pain relievers and decreased 

activity or brace. Medical therapy and rest are not 

always proper and one third of patients suffer from 

progressive reduction of activity and persistent pain 

[6]. Following anterior vertebral fracture, the body 

center of gravity is moved forward, which will have two 

results: on the one hand, extensor muscles of the 

spine will require more work and power and 

consequently, early fatigue and impairment in activity 

as well as pain will occur. On the other hand, 

movement of the body center of gravity towards the 

front will cause more strain on the anterior vertebral 

body and disc, resulting in degenerative changes and 

more collapse of the vertebrae. Significant transfer of 

body center of gravity towards the front will bend the 

knees and hips as a compensatory mechanism. 

Overall, these changes will lead to muscle fatigue, 

difficulty walking, slow walking, and increasing the 

likely hood of falling and fractures [7]. The 

conservative therapy cannot prevent progressive 

kyphosis [6].  

For as much as most of these fractures occur in the 

thoracic spine, they can cause kyphosis of the thoracic 

spine and consequently, lung volume reduction. A 

thoracic spine fracture can reduce vital capacity up to 

10% [8]. The transfer of 12th rib to the abdomen will 

reduce stomach volume and digestive problems may 

also occur. Kado and coworkers showed that mortality 

rate in women with vertebral compression fracture is 

1.23 times more than women of the same age [9]. The 

mortality rate will also increase with the increase in the 

number of fractures [10]. The minimum time for 

conservative treatment is one month [11]. Along with 

rest and medical treatment for fractures pain, the 

necessary studies should be done to determine the 

causes for fractures and also osteoporosis treatment 

shoud be done. For patients with osteoporotic 

fractures, there is a risk for the fracture of other 

vertebras; appropriate medical treatment will reduce 

this probability to half [12]. It should be noted that 

prolonged rest in bed, especially in old patients, often 

leads to complications such as pneumonia, muscular 

atrophy, urinary tract infections, and decubitus ulcers. 

Moreover, bed rest adversely affects osteoporosis and 

every week of bed rest causes bone loss up to 2%, this 

reduction does not probably return to its original value 

[13]. Therefore, appropriate measures should be 

taken to reduce pain and make patients mobile as 

soon as possible.  

One of the main problems observed in these patients 

is osteoporosis which precludes the use of the device 

for spinal fusion, and on the other hand, old age and 

heart and lung complications in most such patients will 
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increase the risk of invasive surgery complications in 

these patients. 

The minimally invasive techniques are necessary to 

relieve symptoms and prevent complications. 

Percutaneous vertebroplasty and kyphoplasty are 

minimally invasive techniques for treatment and pain 

reduction in osteoporotic vertebral fractures. These 

techniquescan also be used for therapy of pathological 

fractures caused by vertebral metastatic tumors and 

primary tumors [14,15]. Vertebroplasty and 

kyphoplasty are preferred over non-surgical treatment 

in terms of clinical response and radiologic criteria and 

the cost is acceptable [16-18]. Basis of both 

procedures is percutaneous injection of bone cement 

into the vertebral body. These procedures are 

becoming the standard of care for pain associated with 

compression fractures of the spine [19].  

For the first time in 1987, Galibert and coworkers 

used cement injection for the treatment of C2 

vertebral body fractures caused by aggressive 

hemangioma [20]. One year later, Amar and others 

used this procedure to treat osteoporotic vertebral 

fractures [21]. Although this procedure was extensively 

used from then on, from 2008 onwards the use of 

vertebroplasty and kyphoplasty was reduced due to 

some serious complications [22].  

In what kind of fractures is this procedure used? 

Vertebroplasty and kyphoplasty are safe, effective, and 

durable procedures in patients with osteoporotic or 

neoplastic fractures that are appropriately selected and 

surgery is performed in the standard manner [13, 23]. 

Patient selection is very important for this method. 

Some patients may have an old fracture and symptoms 

of these patients may be caused by facet and 

intervertebral disc disorders. In these cases, MRI can 

be helpful and patients with vertebral fracture and no 

changes in MRI will not give an appropriate response 

to vertebroplasty. In cases where MRI shows vertebral 

edema, initial clinical response would be far better [5, 

24]. If MRI cannot be used in patients for some 

reasons such as having pacemaker, the bone scan may 

be helpful.  

Pain reduction mechanism by injection of bone 

cement is still unknown for osteoporotic vertebral 

fractures, but the following factors can be considered: 

On the one hand, this mechanism can be mechanical 

and created by increasing the volume inside the 

vertebra and dense cancellous bone in vertebra and 

fixing micro-fractures; on the other hand, it reduces 

painby the destruction of nerve endings in vertebra by 

chemicals in bone cement and heat released during 

the polymerization process [2]. It has been proven 

monomerin the cementis neurotoxic [25, 26]. The 

most likely mechanism involved in pain reduction is 

mechanical effect and fixation of bone structure [15, 

27-29]. This procedure shouldn't be used for patients 

who have an infection, pregnancy, patients with 

painless fractures or fractures associated with 

neurological complications, patients with blood 

coagulation disorders, and patients who are allergic to 

bone cement. In patients who have fractures in the 

posterior wall of the vertebral body, this procedure 

cannot be used probably due to leakage of bone 

cement into the spinal canal and neurologic 

complications [3, 30, 31]. According to some 

researchers in case of using the proper technique, the 

procedure can be used for patients who have fractures 

in the posterior wall of the vertebral body [32-34]. It 

should be noted that intact posterior wall cannot 

always prevent leakage of cement into the epidural 

space. However, leakage of cement into the epidural 

space occurs through basivertebral veins which 

connect the vertebral body veins to epidural space 

veins [35]. Cement emboli to the lungs and heart may 

occur through these veins [36]. Cement injection with 

low pressure and high viscosity and the use of 
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fluoroscopy with good quality and also injecting slowly 

will reduce the risk of leakage of cement. A direct 

relationship exists between the cement injection and 

the risk of leakage. Cotton and others stated that there 

is no relationship between cement injection and 

clinical result in vertebroplasty [37]. Nieuwenhuijse 

and coworkers [38] argued that filling only 24% of the 

vertebral bodies is sufficient to achieve good result in 

terms of pain relief and completely filling of vertebra 

should not be done. Forasmuch as the leakage of 

cement is related to its dose, lower injection of cement 

in vertebroplasty will be associated with a reduced risk 

of leakage [39]. According to Krüger and coworkers 

[40] and Xu and coworkers [41], the cement injection 

is essential to correct deformity and maintain the 

height of vertebra.  

 

 

 

 

 

 

 

 

 

 

For kyphoplasty, since a cavity is created by a balloon 

and the cavity is then filled by injecting cement with 

low pressure, injecting cement more than 5.4ml would 

be more appropriate to reduce pain [42].  

In vertebrae fracture, if vertebroplasty is performed 

before 6weeks, the amount of kyphosis correction will 

be higher [43]. In the acute and sub-acute fractures, 

the level of pain reduction is higher than the chronic 

fractures [15]. Techniques 

The patient should be informed about the 

complications that can occur and written consent must 

be obtained. In patients who have sufficient 

cooperation, this procedure is usually performed 

under local anesthesia and sedation and most patients 

are discharged the same day. In patients who do not 

have sufficient cooperation, general anesthesia is used. 

The preparation of the patient, such as prophylactic 

antibiotics, and prep and drep, is performed with 

other surgical procedures. 

Injecting cement into the vertebral body requires 

fluoroscopic and radiography equipment or a CT 

Scan. Input route of the needle as well as the location 

of the tip of the needle and injected cement should be 

seen clearly. The injected cement should be viewed in 

real time so that the leakage of the cement is timely 

diagnosed and complications are reduced by 

disruption of cement injection. The needle is inserted 

into the vertebral body through the pedicle (Figure 1A 

and 1B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In cases where entry through a pedicle is difficult or 

impossible due to small pedicle or lack of proper 

viewing in radiography, alternative methods may be 

used for insertion of needle. For this purpose, cement 

can be injected into the vertebral bodyin the thoracic 

region using the parapedicular approach and in the 

lumbar region using posterolateral approach. 

 

Figure 1 (a): Bilateral insertion of vertebroplasty needle through the 
skin under local anesthesia and sedation 
Figure 1(b): Insertion of needle through the skin under 
radiographic monitoring 

 

Figure 2 (a): Leakage of cement into the vertebral veins and disk space 
Figure 2 (b): Cement leakage into the neural foramen and epidural 
space  
Figure 2 (c): Cement leakage into the epidural space 
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However, it should be noted that the possibility of the 

leakage of cement are higher in parapedicular and 

posterolateral approach Compared with transpedicular 

approach [14]. In the cervical region, the anterolateral 

approach is used. In this approach, carotid injury 

should be avoided. For this purpose, CT scan guide 

will be helpful. The use of venography and contrast 

material injection is contradictory before injecting 

cement, and has not been used in many studies [44]. 

The reason is the significant concentration difference 

between the contrast material and cement; therefore, 

these two materials may not fil the same direction [45]. 

Kim and others stated that using venography is helpful 

for surgeons who have just started to use 

vertebroplasty and kyphoplasty procedure [45]. 

Complications 

Less than 1% symptomatic complications have been 

reported for this treatment. However, the 

complications are 2-5% for the vertebral metastases 

[19]. Such as other surgical procedures, apart from the 

complications of local anesthesia or general anesthesia 

and positioning of the patients, bleeding and infection 

may also be seen in these procedures too. The most 

important complication in vertebroplasty and 

kyphoplasty is leakage of cement out of the vertebral 

body [19]. The leakage may occur in epidural space, 

neural foramen, the vertebral disc, epidural veins [5] 

(Figures 2 a, b and c) or even very rare in intradural 

space [46]. 80-90% prevalence of local cement leakage 

has been reported [47]. The leakages are often 

asymptomatic [39], and sometimes a combination of 

these leaks occurs in different areas (Figure 2A). In 

these cases, direct pressure of cement on neural tissue, 

heat caused by the cement polymerization reaction, 

chemical irritation by cement, and blockage of arteries 

can cause clinical symptoms [32]. Pulmonary cement 

embolism has been reported [48, 49]. The prevalence 

rate of pulmonary embolism has been reported 

between 23 and 26% for vertebroplasty [20, 50] and 

most of these emboli are often asymptomatic [50-52]. 

Rare cases of a heart perforation [53, 54], fatal cardiac 

perforation, fatal pulmonary, and fatal aortic 

perforation [15], anterior spinal artery syndrome and 

irreversible paraplegia [55, 56] an embolism of the 

middle cerebral artery stroke [57] have been reported. 

One of the complications in vertebroplasty and 

kyphoplasty is likely the break of the adjacent 

vertebrae [19, 44, 58] due to changes in the 

biomechanics of the spine [36], or unknown causes 

[44]. The risk of fractures of the adjacent vertebrae in 

kyphoplasty is more than vertebroplasty [44]. The risk 

factor for this complication is increase when cement 

leakage occurs into the disk space. The higher the 

volume of the leakage, the more the possibility of 

adjacent vertebral fracture risk [59]. Furthermore, 

delayed vertebral collapse has been reported in 

vertebroplasty [60, 61]. 

The use of bone cement with sufficient opacity, use of 

c-arm with good quality, or CT Scanwill reduce 

leakage and its complications. Viscosity of cement 

should be high as much as possible. The injection 

should be performed slowly and it should be 

discontinued when seeing the leakage. Restriction of 

the use of injecting cement above the level of T-7 will 

help to reduce leakage and complications too [44]. 

Many available bone cements are not specific for 

vertebroplasty and have low opacity. In such cases, 

appropriate opacity can be acquired by adding barium 

sulfate at the rate of 30% sterilized in dry autoclaves 

[19].  

If the patients have neurological complications after 

therapeutic intervention, the location of bone cement 

should be identified immediately after using CT scan. 

If there is nerve compression, surgical intervention will 

be required [19]. The vertebral biopsy should be 

performed before injecting cement in patients who are 
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suspected of having bone metastases. Given the 

serious complications associated with this procedure, 

this should be done by people with experience and 

spine surgeon to handle major complications.  

Kyphoplasty 

One of the main complications of vertebroplasty is 

bone cement leakage that occurs due to the injection 

of cement under high pressure. Kyphoplasty was 

developed to reduce this complication. In this case, a 

balloon is inserted into the vertebral body through the 

vertebral pedicle. The balloon is filled with liquid that 

is preferably contrast material. In this way, a hole is 

created within the vertebra. After removing the 

balloon, bone cement is injected. As a result, less 

pressure is necessary for injection and the possibility 

of bone cement leakage and the resulting 

complications will be reduced. Because of the hole 

that requires less pressure, high-viscosity bone cement 

will be used to reduce the leakage of bone cement 

more. Due to the bone compression with balloon 

inflations, the probability of vertebral end plate 

opening and thus correction of vertebral height and 

kyphosis correction will be enhanced. For fractures 

occurring less than six months, the possibility of 

kyphosis correction will be enhanced [43]. For 

fractures occurring more than six months, if the main 

purpose is kyphosis correction, kyphoplasty may be 

more suitable [62].  

Unilateral or Bilateral Injection 

Usually the injection is done through two pedicles, but 

it can be done unilaterally [63, 64]. According to 

Tohmeh and others [65], when the injection is done 

through one pedicle, bone cement is released from the 

midline to the opposite side, resulting in enough 

resistance and reducing time of performing the 

procedure that is very important for old patients. Both 

approaches (unilateral or bilateral injection) will reach 

identical results in terms of reducing pain and 

kyphosis correction [66- 69].  

For patients who do not have good general condition 

and the patients who need to undergo vertebroplasty 

or kyphoplastyin several levels, unilateral approach is 

more appropriate because of reducing time and 

exposure to radiation.  

The Number of Levels for Injection of Cement at the 

same time 

Three or four levels can be injected at the same time 

without a significant increase in the operation time and 

morbidity [15]. According to Mathis and coworkers 

[14,19], vertebroplasty shouldn't be performed for 

more than three vertebras in one session because it 

will lead to the bone marrow displacement and fat 

embolism. On the other hand in elderly patients, the 

dominant place of the bone marrow hematopoiesisis 

the spine. Thus, replacing much of it with cement will 

lead to reducing synthesis of red blood cells and 

anemia and increasing extramedullary hematopoiesis.  

Prophylactic Vertebroplasty or Kyphoplasty 

In cases where the adjacent vertebrae of the treated 

vertebrae is severely osteoporotic, bone cement leaks 

into disk space, and the adjacent vertebrae is infiltrated 

by the tumor, given the likely fracture in the near 

future, prophylactic vertebroplasty or kyphoplasty in 

the adjacent vertebrae can be performed [15, 70, 71]. 

In these cases materials that they will combined with 

bone (such as hydroxyapatite) or exacerbate bone 

growth (such as bone morphogenetic protein) be more 

effective. 

 

Results 

Vertebroplasty immediately relieves pain in vertebral 

fractures and this will continue for at least one year 

[72]. According to the meta-analysis conducted by 

Wang and Yang and their coworkers, vertebroplasty 

and kyphoplasty were compared and the results 

showed that the amount of the injected cement and 
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surgery time in the vertebroplasty groupis significantly 

less than thekyphoplasty group [2, 73]. According to 

their study, pain reduction was observed in both 

groups and the pain reduction was greater in the 

kyphoplasty group and lasted for at least two years 

[73]. According to the study of Wang and coworkers, 

the short-term pain relief was better in the kyphoplasty 

group [2]. Frankel and coworkers showed that pain 

reduction was similar in both groups and the amount 

of the injected cement in the vertebroplasty group is 

significantly less than the kyphoplasty group [44]. In 

patients with in trovertebral clefts determined by fluid 

and air in the vertebral body, better results and fewer 

complications are obtained by vertebroplasty [74]. The 

reason is the existence of an empty space inside the 

vertebrae that is easily filled with the injected cement 

(Figure 3a and b).  

 

 

 

 

 

 

 

 

 

 

 

 

Frankel and coworkers [44] stated that adjacent 

vertebral fracture in the kyphoplasty group is more 

than the vertebroplasty group. Pitton and coworkers 

[75] argued that the cement injection has no effect on 

adjacent vertebral fracture. Yang and coworkers 

studied two groups with the adjacent vertebral 

fractures and found out that they were the same after 6 

months and one year [73]. Kyphoplasty group reached 

a better result on vertebral height and kyphotic angle 

[2, 73] and bone cement leakage and complications in 

the kyphoplasty group were lower than the 

vertebroplasty group [2, 73].  

Post-surgery Evaluation  

In addition to using radiography for thespine after 

surgery for evaluation the status of the injected 

cement, the chest radiograph should be taken to assess 

the probability of pulmonary embolism. If the patient 

have intractable or new pain, and is faced with new 

neurological complications, the exact location of 

cement should be evaluated using the CT scan. In the 

case of pressure on the spinal cord or nerve roots, and 

robustness of symptoms, spinal canal decompression 

may be required. If vertebral body fractures are 

repeated after performing vertebroplasty and 

kyphoplasty, anterior approach with corpectomy and 

fusion, and posterior approach with fusion will be 

required. 

Conclusion  

For patients with osteoporotic fractures who do not 

respond to medical therapy, vertebroplasty and 

kyphoplasty are an appropriate procedure to reduce 

pain and make them ambulate as soon as possible. If 

vertebroplasty and kyphoplasty are performed by 

someone with experience, the complications will be 

acceptable.  
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