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•750,000 new fractures occur each year in the US

•Τhe incidence of vertebral fractures in people aged 75–79 years is twice as high
in women than in men (29.3 vs 13.6/1000person/year).

•The incidence of OVCFs in individuals 50 years or older may be 307 per
100,000 person years, and the direct expenses concomitant with new-onset
OVCFs in the first year approximately 6490 Euros

•Osteoporotic fractures are strongly related to disability, quality of life decrease 
and higher risk of mortality due to cardiopulmonary complications 

•This surely represents a heavy social and medical care burden,
since cost for hospitalization, consequent rehabilitation

Why are we discussing that?
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Why are we discussing that?

•In a systematic review that included 622,675 hospitalized patients with 
VCFs, the median length of admission was 10 days

•1 in 4 patients stayed 2 weeks

•Hospital mortality ranged from 0.9% to 3.5%; up to 50% were
discharged into a care facility. Moreover, 1 in 5 patients were
re-admitted within 30 days.
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TODAY…

Why are we discussing that?
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Structure of the Presentation

• Basic Knowledge…30 year story

• Trends of the Literature and News Feed…5 year story

• Meta-Analysis…focus on 2018/2019

• Conclusion…Critique…Take Home Message
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Historical review of the method 

n The method of percutaneous vertebroplasty was pioneered/ firsty
described by Deramond and Galibert in 1984/1987 for the treatment of
haemangiomas.

n In 1989 1st publication for metastatic bone disease
n In 1997 were published by Jensen the first results for osteoporotic

vertebral fractures
n In 1998 was the 1st publication for kyphopasty

Galibert P, Deramond H, Rosat P, et al. [Preliminary note on the treatment of vertebral angioma by percutaneous acrylic vertebroplasty]. Neurochirurgie 1987;33:166-8.
Jensen ME, Evans AJ, Mathis JM, et al. Percutaneous polymethylmethacrylate vertebroplasty in the treatment of osteoporotic vertebral body compression fractures: 

technical aspects. AJNR Am J Neuroradiol 1997;18:1897-904.
Kaemmerlen P, Thiesse P, Bouvard H, Biron P, Mornex F. Jonas P.Verte´broplastie percutane´e dans le traitement des me´tastases:technique et re´ sultats. J Radiol

1989;70:557–562 7



Jensen ME, Evans AJ, Mathis JM, et al. Percutaneous polymethylmethacrylate vertebroplasty in the 
treatment of osteoporotic vertebral body compression fractures: technical aspects. AJNR Am J 
Neuroradiol 1997;18:1897-904. 8



Surgical Technique

n The method is performed under local or general anesthesia

n Prone position

n Under flyoroscopic guidance

n Transpedicular /or extrapedicular is inserted a balloon into 
the fx vertebra – the balloon is inflated /reducing the fx by 
elevating the endplates  - void with cement

n Time per segment 30 min

n Hospitalization 2-3 days

n Unipedicular or Bi…(Cost)

From 2001à2005 …..  45à 86.8 / 100.000
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Surgical Technique

Vertebroplasty and kyphoplasty for the management of osteoporotic vertebral compression fractures.Orth Clin North 
Am 2007Jul;38(3):409-18
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Robert Bruce Salter, C.C., MD, FRCSC. Dec 15, 1924 – May 10, 2010

“Decisions are more important 
than Incisions’’

Aphorism
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Indications

n Recent symptomatic vertebral osteoporotic fx with height loss 
more than 1/3. (3-… weeks)

n Kyphotic deformity of  vertebra more 10 ο 

n vertebral body fractures that involve posterior cortical 
compromise/ posterior distortion… (modified Egg cell technique)

n Hemangiomas
n Kummel's  disease
n Multiple myeloma
n Metastatic disease

Vertebroplasty and kyphoplasty for the management of osteoporotic vertebral compression fractures.Orth Clin North 
Am 2007Jul;38(3):409-18

12



Clinical Indication - Pain

Mechanisms of pain relief

•Destruction nerve endings from the exothermal reaction of
PMMA.

•Internal cast fx vertebra – stabilizes micromotion

•Correction of kyphotic deformity.
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Complications

n Cement leak 1)vertebral canal(11%)
(7-9%....18%) 2)paravertebral (48%)

3)intradiscal (38%)
(symptomatic extravasation <2%)

n Cement embolism(>1%)
n Subsequent vertebral fx

(3-29%,21%)
(66% in the adjacent vertebra 

(upper endplate of  upper vertebra))

Vertebroplasty and Kyphoplasty: A Systematic Review of 69 Clinical Studies:Hulme PA, Krebs J, Ferguson SJ, Berlemann U. Spine. 2006 Aug 
1;31(17):1983-2001. 

Comparison of vertebroplasty and balloon kyphoplasty for treatment of vertebral compression fractures. A meta-analysis of the literature. Eck J.A, 
Nachtigall Dean .The spine journal 2007
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Subsequent/ Secondary fx
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Subsequent 
/Secondary 
Fx(2)
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Combined extraforaminal and intradiscal cement leakage following percutaneous

vertebroplasty Spine. 2007 May 20;32(12):E358-62

Cement leak 
and 
subsequent fx
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Background data

Lindsay et al, the incidence of another new
compression fracture within 12 months of the
initial fracture was 19.2% among patients with
a history of spinal compression fracture and 24%
among patients with a history involving more
than two vertebrae
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Compared the efficacy and safety of kyphoplasty with non-surgical 
Hypothesis that kyphoplasty would result in increased improvement in quality of life

Materials and Methods: 
300 Pts with up to 3 fx randomised in 2  groups 1)kypho (149) 2) conservative (151)
SF-36 , EQ-5D , Roland-Morris  scale, pain  , drug use
complications
f/u in 1, 3, 6, 12 months

Results
Stat significant difference àSF-36+Roland-Morris+pain+drug use
non stat signicicant diffenceà subsequent fx at the end of the study(7.7%(25/33)---
14%)

Conclusion
balloon kyphoplasty resulted in improvements in quality of life and disability 
measures and reduction of back pain FASTER
, differences in improvement between kyphoplasty and non-surgical control groups 
diminished by 1 year 20



Objective:
to determine the short-term efficacy and safety of vertebroplasty for alleviating 

pain and improving physical functioning

Materials and Methods: 
78 Pts up to 2 vertebral fx randomized in 2 groups 1)vertebroplast 2)placebo
EQ-5D , Quality of life, Roland-Morris  scale, pain , f/u : week , 1, 3, 6 μήνες 

Results:
No significant differences between groups were seen in the primary outcome of 

overall pain
3 new # after VP , 4 after placebo treatment

Conclusion:
No beneficial effect of vertebroplasty as compared with a sham procedure in 

patients with painful osteoporotic vertebral fractures 21
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Sagittal Alignment

Technique Analysis
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Local Kyphosis vs. Sagittal 
Alignment 
n Kyphoplasty vs. Vertebroplasty

1 vertebral thoracic compression fracture causes 9% 
loss of forced vital  capacity

Vertebroplasty “freezes” the deformity without 
correcting the compression

Reduction of local kyphosis leads to an improved 
overall sagittal alignment? 
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n 65 patients (43 f ,22 m)

Local Kyphosis vs. Sagittal 
Alignment (2)

Spine 2006 31,4 435-441
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Local Kyphosis vs. 

Sagittal Alignment
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Local Kyphosis vs. Sagittal 
Alignment

Local angular and height restoration 
falls within the “neutral zone”- disc 
– soft tissues of the spine motion 
segment.
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Pain relief obtained by Kyphoplasty also 
appears to contribute to improving the 

sagittal imbalance. 28
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n Mechanical quality of the bone (density)
n Nature of fracture
n Mechanical quality of the disc
n Size of the disc bias
n Number and placement of balloon tamps measurement
n Age of fracture s . a

Local Kyphosis vs. Sagittal 
Alignment
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Height Restoration 0-90%

Angular Correction 0-180 (100)

Kyphoplasty’s  advantage vs. Vertebroplasty

Thoracic spine …>   Lumbar spine  

(smaller endplates and narrower discs, 

smaller dimensions )

Local Kyphosis vs. Sagittal 
Alignment
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Unipedicular / Bipedicular 

Technique Analysis
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Biomechanical Comparison of Unipedicular 
Versus
Bipedicular Kyphoplasty
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Conclusion

No statistical significant difference  between  
unipedicular  and bipedicular  kyphoplasty

Biomechanical Comparison of 
Unipedicular Versus
Bipedicular Kyphoplasty
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Pain relief
Surgery Time and Cement Dosage
Restoration of Vertebral Height… only in anterior height differs

Complications
Quality of Life

Conclusion
UNILATERAL IS ADVANTAGEOUS
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Subsequent Fx / Cement Leakage

Technique Analysis
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The role of the disc  in a non-osteoporotic spine + 
augmentation  (non-degenerated disc)

Pillar theory

Stiffness = 1580.7 N/mmStiffness = 1756.5 N/mm

Hydrostatic Pressure IV disc=0.75 
MPaà19% than the

non-augmented

% of compression=64.7%à IV disc
Axial compliance    35.3%àendplates    

L4-L5

% of compression=%à19.5% IV disc
Axial compliance    

0.44 mm
0.57 mm0.04 mm

0.52 mm

Axial loading stiffening in the 
augmented segment   à 11.1%

495 N

Colors àMean stresses (MPa)

17% increase 
of the compressive
stress - deflection

Eur.Spine(2003) 12 : 421–426

37



The role of the disc /clinical data
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The role of the disc /clinical data

Conclusion:
Cement leakage into the disk was a significant predictor of
new vertebral body fracture after kyphoplasty/vertebroplasty
(odds ratio = 4.6 – 5.9).

n Percutaneous vertebroplasty for osteoporotic compression fracture: multivariate study of predictors of new vertebral body fracture. 
Cardiovasc Intervent Radiol. 2006 Jul-Aug;29(4):580-5. 
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Increased impaction forces…
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Technique Analysis

Bone Metabolism / Special Patient 
Categories
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The Bone quality -
Corticosteroid use 

Materials/Methods: 115 patients-225 kyphoplasties
80 patients primary OS,
35 patients secondary OS

Results: 22.6 % -15.1% (26/115 patients,34/225 kyphoplasties)
9/80 primary OS   11.25%

17/35 secondary  OS 48,6 %
The period of follow-up 9.8  months in secondary OS versus         
the primary  OS at  13.1
The corticosteroid patients were younger, having a mean age 
of 71.4 years versus 74.4 

Conclusion: The subset of patients with secondary osteoporosis has an 
increased incidence of subsequent vertebral compression 
fractures compared with the primary osteoporosis population.

Primary and Secondary Osteoporosis' Incidence of Subsequent Vertebral Compression Fractures After 
Kyphoplasty Spine 2004
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Hypovitaminosis D Osteopathy - Osteomalacia

Clinical 
40 postmenopausal women with symptomatic vertebral fracture/s 
(primary OS)
Malignant fractures are excluded from this study
Male patients ,patients with secondary OS are also excluded in this 
S A.
Association of Vit D levels and subsequent fractures…

Conclusion: vit D levels… a prognostic factor of subsequent fractures
43



Structure of the Presentation

• Basic Knowledge…30 year story

• Trends of the Literature and News Feed…5 year story

• Robust Reviews + Meta-Analysis…focus on 2018/2019

• Conclusion…Critique…Take Home Message
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Old stories…
Types of cement 
(clinical or experimental use)

n Biopex   (calcium-phosphate ionic cement) (slow release of heat)-low radiodensity

nNorian SRS  (calcium-phosphate ionic cement) (slow release of heat) )-low radiodensity

n Cranioplastic (high release of heat)

n Simplex /Simplex P (+barium sulfate) (high release of heat)

nOrthocomp (glass-ceramic-reinforced composite)

n Vertebroplastic

n KyphX HV-R (high viscosity radiopaque polymethylmethacrylate (PMMA) 
Bone Cement (+barium sulfate))

Joint Bone Spine 73 (2006)144-50
Spine 2001 26,14 1537-41

45



Elastoplasty…

• 13 studies
• VK100 (BONWRX, Phoenix, AZ, USA), an elastic polysiloxane polymer 

(silicone) which is reported to show stiffness close to intact vertebrae
n The working time for VK100 is dependent on room or body temperature 

and is approximately 15 min from the beginning of the procedure to the
end of the injection process in normal operating room and body
Temperature.

• Mechanical properties to those of the trabecular bone of the vertebrae, 
VK100 may reduce the risk of subsequent fractures

• less additional fractures??????
• A leakage rate of 13%
• Worse height restoration

• Conclusion… elastoplasty is a safe and promising technique to overcome 
some certain drawbacks of PMMA
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The 3 women treated with 
vertebroplasty sustained
10 new vertebral fractures 
in the following month.
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Vertebral collapse



n Sugita et al.

Good prognosis group: 
•concave
•dented type

Poor prognosis group:
•swelled-front
•bow-shaped 
•projecting type - cleft



Vacuum cleft, which suggests 
nonunion, was more likely to 
appear in thoracolumbar 
fractures and in swelled-front, 
bow-shaped and projecting types



• Yu et al. cohort of patients with vertebral osteonecrosis with 
collections of intravertebral fluid, air or both

• The purpose of this study was to investigate MR images of 
osteonecrotic vertebral bodies and adjacent intervertebral disks 
and vertebral bodies

• The authors found that loss of more than 50% of vertebral height was 
more frequent in patients with intravertebral air only or mixed with 
fluid, rather than those with intravertebral fluid only





• Kanchiku et al. MRI bone marrow blood perfusion in fractured 
vertebrae

• The progression of vertebral collapse was calculated by subtracting 
the collapse on initial examination from the follow-up examination

• statistically significant association between the percentage of MR 
non-contrast area and the degree of vertebral collapse progression

• fractures with posterior wall involved showed higher noncontrast
area percentage and vertebral collapse progression



• STIR in MRI to predict the progression of vertebral collapse in 
osteoporotic vertebral fractures

• Linear black signal area is considered to be compressed 
cancellous bone that results from more extensive trabecular damage; 
it causes prolonged instability, which prevents new bone formation 
and results in early osteonecrosis



•They found a significant difference in affected vertebrae with linear black signal area—
which was a linear black signal occupying more than half the length of the vertebral 
body—that showed higher vertebral collapse progression, when compared to those with 
nonlinear black signal area.

•Non-homogenous high signal change was a strong risk factor for nonunion, compared to 
homogenous high signal change obtained by STIR in MRI



Ha and Kim proposed three criteria to define progressive vertebral 
collapse, which were height loss > 15%, kyphotic angle > 10°, and 
presence of intravertebral cleft sign during the follow-up
Thoracolumbar fracture, mid-column damage and posterior wall 
damage were important risk factors for progressive collapse.



According to their findings, the
frequency of vertebral collapse was
greater for hypointense wide-type
fractures than for hyperintense wide-type

On applying the T2WI
classification to T1WI
total-type fractures, which
showed poor radiologic
prognosis, they found that
it was possible to narrow
down types that had a
higher chance of
pseudoarthrosis conversion



Kyphotic deformity
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n For people with painful osteoporotic VCFs refractory to analgesic treatment, PVP and BKP
perform significantly better in unblinded trials than OPM in terms of improving
quality of life and reducing pain and disability. However, there is as yet no convincing
evidence that either procedure performs better than OPLA. The uncertainty in the evidence
base means that no definitive conclusion on the cost-effectiveness of PVP or BKP can be
provided.
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Critique
RCTs

• VERTOS 2007à Vert vs Medical Management…<50 year old, invalidating 
pain, subacute and chronic fx (6-24 weeks), 34 pts, 88% of MM pts crossed 
over, no f/u was possible

• FREE 2009àKypho vs MM, moderate pain 4/10, 300 pts, 21 year old and 
older, acute and subacute (> 3 mo). Improvement durable to 6 months. Pts 
gained 60 days unrestricted. Lack of blinding. Durable NRS scores – no 
difference in SF36

• Rousing 2009à Vert vs MM, <65 year old, intractable pain, 49 pts, fx less than 
8 weeks, VAS better in 24 hr – same in 3 months – shorter hospital stay

• INVEST 2009 (NEJM)àVert vs Sham procedure (periosteum), 131 pts, 50 year 
old, moderate to severe back pain (>3/10), fx age <1 year. No differences in 
NRS at 1 month, only trend in Vert Group, by 3 months 43% cross over to 
Vert, No MRI requirement – only xray, only 131 pts during 4 years in 11 
centers – very slow recruitment

• Buchbinder 2009 (NEJM)à Vert vs Sham. 78 pts, fx age 1 year, yes to MRI, 78 
pts in 4 years at 4 centers, terminated the trial early – didn’t reach the 
estimated sample size
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Critique
RCTs

• VERTOS 2à Vert vs MM, 50 year old, VAS>5, fracture age <6 week, MRI, 
Significant improvement in Vert durable at 1 year. No pain 3 months faster –
120 pain free days but… lack of blinding. 60% achieved sufficient (VAS<3) 
pain relief by 12 months. 40% who developed chronic pain. Idea for further 
trials: those who have chronic pain

• Farrokhi 2011à Vert vs MM, severe pain, fx age 4weeks-1 year, 82 pts, 
significant difference in VAS score. All pts were ambulatory in 24 hr vs 2% of 
the MM group

• Blascoà Vert vs MM, VAS>4, fracture age <1 year, 25% of MM received 
intrathecal anaesthesia vs 5% in the Vert group, 11% crossover rate, Lack of 
blinding

• VAPOURà Vert vs Sham (subcutaneous), 60 year old pts, severe pain (7), 
fracture age <6 weeks, significant treatment advantage durable to 6 months, 
5,5 less inhospital days in Vert, different volumes in cement but well 
organized

• Placebo effect…Sham Effect…periosteal vs subcutaneous injection…focus on 
subgroups and fracture stages…admitted to hospital older pts is another 
subgroup 75



Take home message…

Pain Relief/Disability/QoL Improvement
Are VAPs Cost-Effective? Mortality Reduction
VAPs and Kyphotic Reduction/Vertebral Height Restoration
Cement leakage
Subsequent Fractures are not related probably to the intervention…osteoporosis related
Cement Types, Characteristics, and Optimal Filling
Unipedicular versus Bipedicular Approach
Significant role in MSK Oncology

Patient Selection & Early Detection of Complication

Take home message…
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Thank you
#Free Samos


	Επαναξιολόγηση της Κυφοπλαστικής
	Why are we discussing that?
	Why are we discussing that?
	TODAY…
	Structure of the Presentation
	Structure of the Presentation
	�Historical review of the method �
	Jensen ME, Evans AJ, Mathis JM, et al. Percutaneous polymethylmethacrylate vertebroplasty in the treatment of osteoporotic vertebral body compression fractures: technical aspects. AJNR Am J Neuroradiol 1997;18:1897-904.�
	Surgical Technique
	Surgical Technique
	Robert Bruce Salter, C.C., MD, FRCSC. Dec 15, 1924 – May 10, 2010�
	Indications
	Clinical Indication - Pain
	Complications
	Slide Number 15
	Slide Number 16
	Combined extraforaminal and intradiscal cement leakage following percutaneous vertebroplasty Spine. 2007 May 20;32(12):E358-62 
	Background data
	vs
	���Compared the efficacy and safety of kyphoplasty with non-surgical �Hypothesis that kyphoplasty would result in increased improvement in quality of life��Materials and Methods: �300 Pts with up to 3 fx randomised in 2  groups 1)kypho (149) 2) conservative (151)�SF-36 , EQ-5D , Roland-Morris  scale, pain  , drug use�complications�f/u in 1, 3, 6, 12 months��Results�Stat significant difference SF-36+Roland-Morris+pain+drug use�non stat signicicant diffence  subsequent fx  at the end of the study(7.7%(25/33)---14%)� �Conclusion�balloon kyphoplasty resulted in improvements in quality of life and disability measures and reduction of back pain FASTER�, differences in improvement between kyphoplasty and non-surgical control groups diminished by 1 year� ��
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Local Kyphosis vs. Sagittal Alignment 
	Local Kyphosis vs. Sagittal Alignment (2)
	Local Kyphosis vs. Sagittal Alignment 
	Local Kyphosis vs. Sagittal Alignment 
	Slide Number 28
	Slide Number 29
	Local Kyphosis vs. Sagittal Alignment 
	Local Kyphosis vs. Sagittal Alignment 
	Slide Number 32
	Biomechanical Comparison of Unipedicular Versus�Bipedicular Kyphoplasty
	Biomechanical Comparison of Unipedicular Versus�Bipedicular Kyphoplasty
	Slide Number 35
	Slide Number 36
	The role of the disc  in a non-osteoporotic spine + augmentation  (non-degenerated disc)��Pillar theory
	The role of the disc /clinical data
	The role of the disc /clinical data
	Slide Number 40
	Slide Number 41
	The Bone quality -�Corticosteroid use 
	�Hypovitaminosis D Osteopathy - Osteomalacia
	Structure of the Presentation
	Old stories…�Types of cement �(clinical or experimental use) 
	Elastoplasty…
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Vertebral collapse
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Structure of the Presentation
	Slide Number 63
	vs
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Structure of the Presentation
	Critique�RCTs
	Critique�RCTs
	Take home message…
	Slide Number 77

