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General introduction and outlines of this thesis
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Background

 Since its introduction in 1984 percutaneous vertebroplasty (PV)

has been progressively performed with success in mainly France and

from the early nineteen nineties in the United States of America. The

first treated cases were aggressive haemangioma’s of the cervical spine

(1). During the next couple of years gradually the other treatment

indications were introduced: primary and secondary malignant vertebral

tumors, posttraumatic vertebral fractures, vertebral osteonecrosis

(Kummell’s disease) and osteoporotic vertebral compression fractures

(VCF). Nowadays, most PV procedures are performed in patients with

painful osteoporotic VCF. The patients with osteoporotic VCF treated by

PV are the subjects of this thesis.

 Osteoporotic VCF occur frequent in the elderly, predominantly in

postmenopausal women. In the Netherlands about 16.000 new VCF

occur each year and in the United States of America about one million

(2). The majority of osteoporotic VCF arise at the thoracolumbar

junction of the spine (Th11-L2), commonly spontaneous or due to minor

trauma. Not all VCF are symptomatic. Approximately 60% of VCF are

asymptomatic or result in minimal symptoms and/or physical

impairment. Half of the rest of VCF heal within six to eight weeks after

initial fracture and subsequent gradual pain relief is observed. These

patients are treated with conservative methods: rest, analgesics and

sometimes bracing. About 10-20% of patients suffer chronic invalidating

pain, quite sometimes accompanied with functional physical impairment.

Most physicians consider these patients as candidates for treatment with

PV. Because of the elderly age of patients, presence of concomitant

disorders and the fragile state of the osteoporotic bone, a surgical

stabilization is often not possible. On the other hand, because of its

minimal invasive technique PV can be performed in this population.
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 The primary aim of PV is to reduce or relief patients from the

invalidating pain caused by the vertebral fracture. A vertebral body

fracture differs from other bone fractures. VCF consists of numerous

micro fractures that stimulate pain nerves of the periost during vertebral

body movement. Through the instillation of cement inside the vertebral

body, the micro fractures are fixed. This results in loss of movement of

parts of the (micro) fractures and thus in pain relief.

 The pain of an osteoporotic VCF has to be distinguished from

other types of back pain. (Low) back pain is one of the most frequent

encountered problems in medicine. Most types of back pain are caused

by myalgia or degenerative disease of the spine. The pain due to a

herniated disc is typically radiating. Usually, the pain from a VCF gives

rise to a focal, sharp, deep pain at the level of the VCF and/or in

adjacent regions, only during movement of the patient and without a

radiating pain component. In addition, the majority of patients have

focal tenderness on physical examination at the level of the VCF.

 The diagnosis of a VCF can be made on X-rays of the spine.

Comparison with previous X-rays can show progressive height loss. If

these are not at hand, (sub) acute VCF can be distinguished from healed

VCF on a Magnetic Resonance Imaging (MRI) scan or bone scintigraphy.

The shape and grade of VCF is evaluated as well as the intactness of the

posterior wall and pedicles. Osteoporosis can be diagnosed by the

measurement of the bone density of the lumbar spine or femoral head.

 Before a PV procedure can be performed, the patient has to be

clinically evaluated. The exclusion criteria are (1) asymptomatic VCF, (2)

patients improving on medical therapy, (3) ongoing local or systemic

infection, (4) radiculopathy and/or myelopathy, (5) spinal canal

compromise, (6) uncorrectable coagulopathy, (7) allergy to bone

cement or other materials used, (8) not able to lie in prone position and

(9) poor cardiopulmonary condition.
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 The procedure is usually performed with sedation and/or local

anesthetics. In order to avoid the spinal canal during needle placement,

the bone biopsy needles are inserted via a transpedicular route and

positioned with the tip at the anterior third part of the vertebral body. In

thoracic VCF a posterolateral or costovertebral route can be chosen, as

an alternative approach. After needle placements the inner stylet of the

needle is extracted and subsequently cement in a “tooth-paste” like

consistence is injected in the vertebral body. This can be done by bone

injectors, but the safest way is to use one cc syringes and controlled

manual injection. Usually, polymethylmethacrylate cement is used. This

cement consists of a liquid that is mixed with a powder and hardens

within 6-10 minutes. Cementleakage outside the vertebral body can

easily occur, because of the abundant presence of veins both inside and

outside the vertebral body. In case of endplate fractures, cementleakage

to the intervertebral spaces can occur. Cement may also leak at the

pedicle needle insertion site or through cortical fractures at other

locations. Because of this high risk of cementleakage, optimal

fluoroscopy and controlled cement injection are mandatory. Most

complications occur due to cementleakage. In the worst case,

radiculopathy, myelopathy, or pulmonary embolism may arise. In some

cases an allergic reaction to (the monomer of) the cement can happen.

 Normally patients can be mobilized several hours after the

procedure. Quite often the reduction in pain is experienced immediately.

The postprocedural care consists of physiotherapy, pain medication

according to need and management of the osteoporosis.

 When performed by experienced physicians, PV is a safe and

effective minimal invasive treatment in patients with painful osteoporotic

VCF resulting in pain relief or reduction in 90% of patients. Although the

technique of the procedure is optimized during the last 20 years, the

clinical outcome of PV has been evaluated only in retrospective studies



5

or in a few prospective clinical trials with quite some methodological

shortcomings.

Purposes and outlines of this thesis

 Before PV becomes an alternative treatment of pain in patients

with osteoporotic VCF in the Netherlands and Belgium, we evaluated

several aspects of the clinical effect of PV in patients with painful,

invalidating osteoporotic VCF. Each of the chapters in this thesis deals

with one or more clinical aspects of PV in osteoporotic VCF.

 In order to compare the clinical outcome of the patients treated

in our institution(s) with the results from the literature, prospective

clinical follow-up studies and a comprehensive review of the literature

have been performed. In addition, a prospective randomized study

evaluates the effect of PV in comparison with the common conventional

therapy in patients with painful osteoporotic VCF. The presence of bone

marrow edema in osteoporotic VCF detected by MRI as selection

criterion for PV is speculative. In addition, little is known about the

evolution of bone marrow edema in osteoporotic VCF after PV, nor about

its relation with relief of pain. These aspects of bone marrow edema in

osteoporotic VCF have been assessed. The occurrence, clinical aspects

and possible mechanism of new osteoporotic VCF in patients treated

with PV of osteoporotic VCF has been evaluated.

 The last chapter of this thesis deals with a future interventional

tool: three dimensional rotational X-ray (3DRX) guided needle

introduction of the vertebral body. In order to reduce the radiation dose

both for the patient and for the interventionalist during the procedure

and to have a precise needle positioning tool, the feasibility of 3DRX

guided navigation on vertebral bodies is assessed.
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Chapter one provides an overview of the clinical and technical aspects of

PV in patients with osteoporotic VCF (3).

Chapter two describes the short term results of the first treated patients

in the St Elisabeth Hospital Tilburg, the Netherlands, with symptomatic

osteoporotic VCF in a prospective follow-up pilot study (4).

Chapter three reviews the literature to determine the effectiveness and

safety of PV for the treatment of osteoporotic VCF (5).

Chapter four assesses the short, mid and long term pain relief in

patients with osteoporotic VCF after PV in a prospective clinical follow-up

study (6).

Chapter five assesses the short term clinical outcome of patients with

painful osteoporotic VCF treated with PV compared to optimal pain

medication in a randomized comparative trial (7).

Chapter six clarifies the significance of bone marrow edema in VCF on

preprocedural MRI scans by the assessment of the pain response after

PV in patients with VCF with full bone marrow edema versus patients

with VCF with absent bone marrow edema in a prospective follow-up

study (8).

Chapter seven assesses the changes in bone marrow edema with MRI at

three, six and 12 months following PV and the related changes in bone

marrow edema with pain evolution and analgesic use over time in a

prospective follow-up study (9).
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Chapter eight assesses the incidence, location and possible causative

mechanisms of new VCF in symptomatic patients treated with PV of

osteoporotic VCF and evaluates the relation between new VCF and back

pain symptoms in a prospective follow-up study (10).

Chapter nine investigates the feasibility of navigation on 3DRX data for

transpedicular percutaneous needle introduction and compares

navigation on 3DRX data with conventional fluoroscopic guidance in a

cadaver study (11).
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Introduction

 Percutaneous vertebroplasty (PV) literally means augmentation

of the vertebral body through the skin. The main goal of PV is partial or

complete pain relief. In addition, the vertebral compression fractures

(VCF) are stabilized. However, height restoration is not achieved.

Patients with severe back pain due to VCF are candidates for treatment

by PV. Painful vertebral bodies suitable for PV treatment are

osteoporotic VCF, benign vertebral tumors (haemangioma), primary or

secondary malignant vertebral tumors (osteolytic metastases, multiple

myeloma) or some posttraumatic VCF.

 The procedure is performed with the patient in prone position,

making use of local anesthetics. After a small skin incision and with the

aid of fluoroscopy, one or two bone biopsy needles are positioned in the

involved vertebral body. Most frequently the transpedicular needle

approach is used. Subsequently, a small amount of cement is injected

under optimal fluoroscopic guidance.

 A PV treatment in an osteoporotic VCF is safe and associated with

incidental complications (1-3%) as well as effective, resulting in pain

relief in 90% of patients on average. These results are similar in treated

vertebral bodies occupied by aggressive haemangioma. In case of

treatment of osteolytic metastases, the complication percentages are up

to 10% and the effect on pain and/or stabilization is 70% (1-9).

 Worldwide and especially in the United States of America, PV is

most frequently being applied in the treatment of pain due to

osteoporotic VCF. In patients with osteoporosis, PV is the first pain

therapy that actually gives (nearly) immediate relief of the invalidating

(back) pain. Alternative therapies, such as the use of analgesics, short

term bed rest and physiotherapy, are merely supportive and not directly

aimed to heal the painful VCF. Surgical stabilization of a VCF is usually
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not possible in this patient population, because fixation pedicle screws

can’t be secured in porous osteoporotic bone. In addition, general

anesthesia in elderly patients with osteoporotic VCF has a higher risk of

complications, most frequently due to the poor cardiopulmonary

condition of these patients. The advantage of PV compared to

alternative treatments is (nearly) immediate back pain relief through a

minimal invasive procedure. Because general anesthesia is not

obligatory, patients in relative poor clinical conditions can be treated as

well. Procedure related complications are incidental when the procedure

is performed by experienced interventional radiologists.

History

 Since decades orthopedic surgeons have performed

vertebroplasty as “open” procedure to stabilize vertebral bodies. Both

general anesthesia and complication risks of an open procedure are not

always required or possible. The recent development of minimal invasive

therapies has brought PV into focus. These new therapies have all the

advantages of open procedures, but are associated with less morbidity.

The first percutaneous vertebroplasty treatment was performed in 1984

in Amiens, France, by the neuro-interventional radiologist Deramond

and the neurosurgeon Galibert. They treated a painful aggressive

haemangioma of cervical vertebral body C2. After surgical laminectomy,

cement was injected through an anterolateral approach. After the first

successful treatment, more patients with similar cervical lesions were

operated by PV. The results of the first seven treated patients were

published in 1987 (10). A group from Lyon, France, extended the

indications for treatment selection. They performed PV in patients with

VCF caused by osteoporosis, multiple myeloma and metastases (11).
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 In the early nineties, a group of interventional radiologists from

Virginia made contact with dr Deramond and started their PV practice.

Because of the expected lower complication rates and therefore less risk

of judicial claims, patients with painful osteoporotic VCF were treated

with this experimental therapy. In 1997 the first results of patients with

painful osteoporotic VCF successfully treated by PV were published (2).

Subsequently more centers in the USA implemented the technique in

their arsenal of minimal invasive procedures. Studies and experimental

research was done to optimize both the procedure as well as the

materials used. In 2001 the same group of authors published a review

article (1).

 In the Netherlands we have begun to perform PV recently in the

St Elisabeth Ziekenhuis Tilburg in 2001. From 2002 onwards the

University Medical Center Utrecht started their PV practice. Up till now

we have treated predominantly osteoporotic VCF with results

comparable to the literature (12).

Indications and patient selection

 In general, PV is considered when a proven vertebral fracture still

provides back pain despite optimal conservative analgesic therapy. As

mentioned previously, the primary aim of PV is pain treatment, next to

stabilization. Height restoration will rarely be achieved. In vertebral

tumors cement has a local chemotherapeutic effect. The mechanism of

pain relief in PV is due to the mechanical stabilizing effect of the injected

cement. By stabilization of micro fractures in the involved vertebral

bodies, sensible (pain) nerves will not be stimulated anymore. Studies

have shown that a local chemo toxic or thermal effect of the cement on

pain is very small (13-15).
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 From this point onwards we will focus on the PV treatment in

osteoporotic VCF. In the preprocedural work-up of painful osteoporotic

VCF considered for PV, it is important to exclude other causes of VCF,

like metastases, and other origins of back pain. Frequently the source of

back pain is not an osteoporotic VCF, but another underlying illness,

such as myalgia, degenerative disease, herniated disc or alternations in

the spinal stature. These conditions have to be excluded by clinical

examination and additional diagnostic tests.

 Osteoporotic VCF can be subdivided into wedged, (bi) concave,

crushed and vertebra plana. These vertebral fractures occur exclusively

at the thoracic and lumbar spine, most commonly at the thoracolumbar

junction. Characteristically only the vertebral body is fractured, while the

posterior wall of the vertebral body and the posterior complex

surrounding the spinal canal are left intact. Seldom neurological deficits

occur. Vertebral fractures usually consolidate in a couple of weeks to

months with accompanying pain relief (16).

 It is known that the risk of a second osteoporotic VCF within the

first year is 20% (17). Moreover, such VCF are associated with a

fourfold chance of developing a hip fracture (18). About half of vertebral

fractures arise spontaneously, whereas 36% arise after a minor

traumatic event. Through the progression of the spinal kyphosis and

accompanying forces on the lungs, stomach, bladder and pelvis, the VCF

can cause symptoms in these regions next to back pain. Normal daily

activities are difficult to perform or can’t be carried out at all. In serious

cases, patients are immobilized and bedridden with associated medical

and social consequences (19).

 In the Netherlands about 800.000 people have osteoporosis, on

estimation. Every year 83.000 people with osteoporosis aged over 55

years suffer fractures, subdivided into 16.000 vertebral fractures,

15.000 hip fractures, 12.000 wrist/lower arm fractures and 40.000
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fractures of other origins. One in four women and one in 12 men aged

over 55 years will develop an osteoporotic fracture. The incidence of

osteoporotic VCF in the Netherlands is 16.000 per year. Most vertebral

fractures give no clinical complaints, only 40% are symptomatic. Half of

these show complete pain relief within six weeks. Half of the rest of

these patients continue to have chronic back pain. Of all patients 8% are

hospitalized and 2% require long term care because of serious

invalidating back pain (19-21).

 A PV is considered in osteoporotic VCF when X-rays have

demonstrated a vertebral fracture and the patient still has serious back

pain despite optimal conservative analgesic treatment after a period of

four to six weeks. Co-existing radiating (nerve) pain has to be excluded.

Local manual compression on the spinous processes may help to

distinguish the symptomatic vertebral levels. However, this physical

examination is not always conclusive. That’s why it is advisable to make

a Magnetic Resonance Imaging (MRI) of the spine, including T2

weighted fat suppression sequences (for example Short Tau Inversion

Recovery (STIR) sequences) to differentiate between recent (subacute)

fractures and chronic VCF (22). In addition, MRI can help to exclude

other causes of back pain. Table one summarizes the contra-indications

and relative contra-indications for PV treatment in osteoporotic VCF.

 Since the treatment of osteoporotic VCF not only includes the

injection of cement in the vertebral body by the interventional

radiologist, but also an extensive preprocedural trajectory of indication

assessment and postprocedural management with analgesics and other

supportive therapies, patients are treated multidisciplinary in our

hospital. This multidisciplinary team consists of internists-

endocrinologists, orthopedic surgeons and (interventional) radiologists.

Every week potential candidates are discussed in a meeting on fixed

times. If patients are not suitable for PV, the referring physician receives
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an advice for one or several alternative therapies. On top, we maintain a

database of all patients treated with PV.

Table one:  (Relative) contraindications of percutaneous vertebroplasty in

  osteoporotic vertebral compression fractures

Contraindications Relative contraindications

Asymptomatic VCF Back pain more than one year

Patient improving with therapy Vertebra plana

Other cause back pain (HNP, degenerative disease) Radicular pain or radiculopathy by compression syndrome

Ongoing systemic or local infection (osteomyelitis,

spondylodiscitis)

Spinal cord compression > 20% by dorsal placed vertebral

fragment

Radiculopathy and/or myeolopathy Spinal canal stenosis

Uncorrectable coagulopathy Destruction posterior wall vertebral body

No (neuro-)surgical back-up Aneurysm abdominal aorta

Allergic to procedure related materials Pedicle/facet fracture

Cardiopulmonary bad condition

Prone positioning patient impossible

Technique

 The preprocedural work-up by the internist consists of

assessment of the cardiopulmonary condition of the patient. Blood

sampling is taken; ECG and X-thorax are made. Particularly

coagulopathy disorders have to be corrected. Patients need to be

physically able to lay prone for at least one hour. In addition to the

previously mentioned X-rays and MRI of the spine, bone mineral

densitometry is performed. During the procedure patients are monitored

by a pulse-oxymeter.

 The PV procedure is carried out in an angiography suite in the

department of radiology under optimal fluoroscopic guidance with

alternative anteroposterior and lateral fluoroscopy. The procedure takes

place in sterile conditions. After X-ray identification of the pedicles, the

subcutaneous tissues and the periost of the pedicle is numbed by a local

anesthetic. Subsequently a bone biopsy needle is placed manually (or
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rarely by means of a mallet) in the involved collapsed vertebral body.

During needle placement one has to avoid the spinal canal and neuro

foramina. The safest approach to reach the vertebral body is most

frequently the transpedicular route, in which one stays constantly within

the borders of the bone (Figure 1). The costovertebral or lateral route is

an alternative needle approach, which is sometimes used in case of

small or fractured pedicles, or if the center of the vertebral body needs

to be reached. Needles of 11 and 13 Gauge with a length of 10 or 15 cm

are applied in the thoracolumbar spine. One tries to place the end of

both needles medially in the anterior one third of the vertebral body.

After final needle placement cement is injected through the outer

needle. Bone biopsy needles consist of a sharp-edged hollow outer

needle and an inner stylet that will be removed after final positioning. In

nearly every situation we place two needles via both pedicles in the

involved vertebral body. Thus a symmetrical distribution of the cement

can be injected in the vertebral body. Most commonly

polymethylmethacrylate (PMMA) cement is used, which is a well known

cement from orthopedic operative prosthesis procedures. The cement is

compiled of a liquid monomer that is mixed with the PMMA powder. To

make the cement fluoroscopically visible a radio-opaque substance is

added, usually bariumsulphate. Post mixing the cement is almost

completely hardened in about 10 to 15 minutes, depending on the

mixture of used components and room temperature. When cement has

reached a “tooth-paste” like structure after three to five minutes from

beginning of mixing, it is safe to inject in the vertebral body. The total

amount of injected cement ranges in thoracic levels between one to four

cc and in lumbar levels from two to six cc. On average three cc is

injected, depending on the vertebral body volume and appearance of

cementleakage. Studies have demonstrated that one does not have to
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Figure one:  Schematic display transpedicular needle placement inside vertebral body

Figure two: Lumbar spine on anteroposterior X-ray, lateral X-ray and lateral MRI

  (STIR sequence): osteoporotic vertebral compression fracture L2 with

  bone marrow edema.

Figure three:  Needles placed inside vertebra L2 (a: anteroposterior view; b: lateral

  view); cement placed into vertebra L2 (c: anteroposterior view; b:

  lateral view); e: CT scan post cementation vertebra L2 (axial view)
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fill the entire vertebral body from top to bottom in order to obtain pain

relief (23).

 The procedural complications take most frequently place during

the cement injection. Cementation time is short. Cementleakage occurs

easily. Cement may leak to areas with a minimum of clinical

consequences such as the anterolateral paravertebral soft tissues and

the intervertebral disc spaces. Dorsal leakage to the spinal canal may

give cause to the most feared complication: spinal cord lesion. Leakage

at the region of the pedicle can produce nerve root damage. Finally,

leakage by way of vertebral veins can cause occlusion of the inferior

vena cava and vena azygos or in the worst case may produce lung

embolism. The risk of pulmonary cement or fat embolism is higher if

more than three vertebral bodies are cemented in one session.

 Postprocedure the patients stays supine for at least 4 hours to let

the cement fully harden. Half an hour postprocedure a Computer

Tomography (CT) scan of the treated vertebral levels is made to assess

the exact position of the cement inside as well as potential

cementleakage outside the vertebral body. Minor cementleakages are

not always visible during fluoroscopy. Moreover, possible cortical

vertebral lesions are better assessed by CT scan. Treated patients are

discharged the same day if they are recovered and no complications

occurred. The effect of PV on pain is usually noticed directly

postprocedure. However, a large number of patients need revalidation to

regain muscle strength as well as analgesics to treat their procedure

related pain. In the first days postprocedure this pain is mainly caused

by formation of hematoma. On the long run stature related pain caused

by the strained spinal muscles can occur. In the out-hospital clinic the

internist follows patients to evaluate the osteoporosis therapy and to

prescribe analgesics when needed. Radiological follow-up by total spine

MRI is scheduled at three, six and 12 months after PV. At every follow-
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up period patients are asked to fill out a short questionnaire to indicate

their visual analog score (VAS) for pain (24), analgesics used and their

grade of satisfaction with the outcome of the PV treatment.

Results and complications

 The moment to treat patients with invalidating back pain caused

by an osteoporotic VCF is as soon as possible. However, most

osteoporotic VCF heal within four to six weeks after initial fracture in

their natural course. Therefore, we tend to postpone PV treatment until

this period has passed. If the patient still has lasting severe back pain

after 6 weeks, PV comes into consideration. Successful outcome of PV is

achieved in patients up to 6 months after initial fracture, in general.

Patients with chronic back pain for more than 6 months after fracture

have less chance of complete pain relief, but these patients will certainly

notice pain reduction, increased mobility and less need to use

analgesics.

 As mentioned before, approximately 90% of patients treated with

PV of painful osteoporotic VCF have complete pain relief or substantial

pain reduction with accompanying restoration of stability. The return to

normal daily activities is commonly within 24 hours. The outcome of the

PV treatment remains constant for 15 to 18 months. Complications

occur in 1-3% of PV and are caused mainly by inappropriate patient

selection, wrong needle placement, cementleakage, bleeding and

infection. PV in malignant vertebral tumors is associated with

complications in up to 10% (1-9).

 Recently we have reviewed the literature to evaluate the results

of PV in patients with osteoporotic VCF from 1984 until August 2002.

The effect on pain relief varies between 60 - 100% within 24 hours after

PV and the long term effect (up to four years) shows a rise of this
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percentage to 78 – 100% (25). The mean VAS decreases from 8.6 pre

to 2.8 postprocedure. Complications occur only during procedure and

are nearly always without clinical consequence. Most commonly

cementleakage in the intervertebral disc spaces takes place. Incidentally

complications with clinical outcomes are reported, among others rib

fractures, pedicle fractures, radiculopathy, hypotension and arrhythmia.

Procedure related long term complications are not reported. The

assessment of the PV clinical and technical outcome in the first 18

patients treated from October 2001 until June 2002 in the St Elisabeth

Ziekenhuis Tilburg showed comparable results to the literature (12).

Meanwhile more than 80 patients have been treated in the St Elisabeth

Hospital Tilburg and 30 patients in the University Medical Center Utrecht

with good clinical outcomes and no procedure related complications. In

conclusion, PV seems to be a safe and effective treatment of back pain

in patients with painful osteoporotic VCF.

Future development

 Future development is aimed at optimization of both technical

and clinical aspects of the procedure. Research development is done in

the field of bio-absorbable or -degradable cements, improvement of

instruments and computer aided needle navigation. In addition,

treatment with cement (cementoplasty) of other weight baring skeletal

regions such as the acetabulum, femoral and tibial head, is under

investigation. Also prophylactic therapy of vertebral bodies that are still

intact but might fracture in the near future is being evaluated. Next to

the previously mentioned indications for treatment, effect of PV in other

osteolytic vertebral lesions, such as fibrous dysplasia, is studied. Finally,

we have started a multi center clinical study, named the VERTOS trial,

to assess whether PV results indeed in pain relief as suggested by



21

literature. Until now no prospective randomized comparative study has

been performed to compare clinical outcomes in patients with painful

osteoporotic VCF treated with PV and patients treated with optimal

conservative analgesic therapy (the only alternative treatment in this

population).

Conclusion

 Percutaneous vertebroplasty is a minimal invasive procedure in

which symptomatic osteoporotic vertebral compression fractures (or

other vertebral lesions) are stabilized, resulting in pain relief. Patients

with painful osteoporotic VCF have no alternative therapy directly aimed

at the source of their pain. A PV is only considered in patients who still

have severe and/or invalidating back pain despite optimal conservative

analgesic therapy. Successful treatment depends largely on appropriate

patient selection and a multidisciplinary approach. Patients with painful

osteoporotic VCF demonstrate pain relief or significant pain reduction in

90% of treated patients and few procedure related complications with

clinical consequence occur. Most complications are caused by wrong

needle placement and particularly by cementleakage. Optimal

fluoroscopy is essential for a safe procedure. Orthopedic surgeons or

neurosurgeons need to be available to surgically decompress cement

leakage when neurological sequels occur. The literature results show

that PV is safe and effective, but a prospective randomized comparative

clinical trial is not performed yet. At this moment we have started such

a study in which treatment by PV is compared with optimal conservative

analgesic treatment in patients with painful osteoporotic VCF.
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Abstract

Objective. To describe the technique of percutaneous vertebroplasty (PV) and the

short term results in patients with symptomatic osteoporotic vertebral compression

fractures (VCF).

Design. Prospective follow-up study.

Methods. In a pilot-study to evaluate the short term safety and effectiveness of

percutaneous vertebroplasty, eighteen consecutive patients with a total of 33 osteoporotic

thoracic or lumbar VCF were treated from October 2001 to June 2002 with a follow-up of

three to six months. Indication of treatment was a symptomatic, therapy resistant

osteoporotic VCF. PV was performed under fluoroscopic control. After preceding

intraosseous venography, Palacos LV cement mixed with barium sulfate was injected.

Postprocedural follow-up consisted of radiological evaluation with conventional

thoracolumbar X-rays and MRI scans, and interviews with patients.

Results. PV was technically successful in 31 of 33 treated vertebral fractures

(94%) in 16 of 18 patients (89%). One patient with extreme venous contrast leakage was

not treated. Sixteen patients had less or no pain after treatment. One patient retained

thoracolumbar back pain after inadequate cementations and refused further treatment. No

patient reported aggravation of symptoms following the procedure. Contrast leakage was

absent in 18 vertebrae. In eight vertebrae contrast leakage to paravertebral veins was

observed. Three of these cases showed such severe contrast leakage that embolization

was performed. Successful occlusion was achieved in one case. Thirteen VCF

demonstrated cementleakage to intervertebral and paravertebral spaces or pedicle cement

spurs. All were without clinical sequel. Immediately postprocedure and during follow-up,

no clinically relevant complications occurred.

Conclusion. Percutaneous vertebroplasty was a technically feasible treatment in

these patients with symptomatic, therapy resistant osteoporotic VCF. First short term

results were comparable with literature results. A prospective randomized intervention

study will be needed to compare results of PV with optimal conservative treatment.
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Introduction

 Percutaneous vertebroplasty (PV) is a minimal invasive technique

to stabilize one or more vertebral bodies with acrylic bone cement. After

local anesthetic application, bone biopsy needles are placed inside the

vertebral body, most frequently by a transpedicular approach.

Subsequently, cement is injected. The first PV was performed in 1984 by

Deramond and Galibert in Amiens, France (1). They treated an

aggressive haemangioma of C2. After their first successful procedure,

more patients with different indications were selected for this stabilizing

pain treatment. The most common applied treatment indications are

vertebral lesions caused by trauma or (osteolytic) tumors (mainly

metastases and haemangioma) and more recently osteoporotic vertebral

compression fractures (VCF).

 Osteoporosis is a common disease, usually present in elderly post

menopausal women. The incidence of new osteoporotic VCF in the

Netherlands is 16.000 per year on estimation; two thirds of such

fractures are relatively asymptomatic (2). The risk of new vertebral

fractures the first year after initial vertebral fracture is 20% and five

times higher compared to patients without osteoporosis. This risk

increases with the number and severity of preexisting osteoporotic VCF

(3,4).

 The therapy is usually conservative and consists of analgesics,

short time bed rest and physiotherapy. The primary aim of PV is to

obtain immediate partial or complete pain relief in patients with therapy

resistant back pain. The procedure is safe if one makes use of

appropriate inclusion criteria, optimal fluoroscopy and is aware of

possible cement leakage. PV is effective, resulting in pain relief in 90%

of patients (6-13).
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 PV is performed on regular bases in France and the United States

of America, but not yet in the Netherlands. In October 2001, the first PV

was performed in our hospital, the St Elisabeth Ziekenhuis Tilburg. The

present study is a pilot-study preceding a prospective randomized

comparative multi center intervention trial.

Patients and methods

Patients

 Between October 2001 and July 2002, 18 consecutive patients

with 33 osteoporotic VCF were treated in our hospital by PV. Most

patients were referred by internists, one by the orthopedic surgeon.

Fourteen women and four men with a mean age of 75 years (range 63

to 87 years) were included. One vertebral fracture was treated in eight

patients, while two and three vertebral fractures were treated in one

session in seven and two patients, respectively. One patient had five

vertebral fractures treated in two sessions.

 The indication for treatment was local invalidating back pain not

responding to conservative analgesic therapy in a period of four to six

weeks caused by osteoporotic thoracic (n=10) and lumbar (n=23) VCF.

Vertebral height loss had to be in the range of 15-85 % compared to the

upper vertebral body height. Focal tenderness on physical examination

and bone marrow edema of involved vertebral levels had to be present.

 Patients with contraindications for PV were excluded. Absolute

contraindications were poor cardiopulmonary condition, uncorrectable

bleeding disorders, systemic or local infection of the spine, and

compression of a nerve root and/or the spinal cord. Relative

contraindications were posterior wall fracture of the vertebral body,

vertebra plana (more than 85% height loss), lasting back pain for more

than one year and the presence of an abdominal aortic aneurysm (risk
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of aorta rupture). The presence of emergency decompressive surgery

was obligatory.

 The shape and grade of vertebral fractures were assessed by

conventional X-rays, CT- and MRI scans (sagittal T1 and T2 weighted Turbo Spin

Echo sequences and Short Tau Inversion Recovery (STIR) images) of the spine.

Preprocedural work-up consisted of the evaluation of an ECG and X-

thorax, as well as taking blood samples including leukocytes,

thrombocytes, sodium, potassium, BSE, prothrombine time and

activated partial thromboplastine time.

Procedure

 The patients were kept sober from four hours before the

procedure. The PV procedure was performed under local anesthetics

(lidocain 2%). Intravenous prophylactic antibiotics (two grams of

cephalozin) were administered one hour prior to the procedure. With CT

guidance, position of pedicles of involved vertebral fractures was marked

on the skin of the prone lying patient. The procedure was performed

under biplane fluoroscopy. Bone biopsy needles of 11 or 13 Gauge and

10 to 15 cm length (William Cook, Europe, Bjaeverskov, Denmark) were

transpedicular placed inside the vertebral body (Figure 1). The needle

tip was manually medially directed towards the anterior one third part of

the vertebral body. After final positioning, an intraosseous venogram

was made by injection of a small amount of contrast (johexol (Omnipacque

300)) to check correct needle position and to observe possible contrast

leakage to paravertebral veins and spaces, especially in the direction of

the spinal canal. The bone cement used was polymethylmethacrylate

(PMMA) (Palacos LV; which also includes gentamycine) hand mixed with

nine ml sterile barium sulfate. Under fluoroscopic controlled guidance,

cement in a toothpaste like constitution was manually injected with one

cc syringes (Figure 2).
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Figure one: Schematic depiction of a transpedicular approach in percutaneous

  vertebroplasty

Figure two:  Lateral (a) and anteroposterior (b) X-rays after percutaneous

  vertebroplasty
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After the mixing of components, the cement hardens in five to six

minutes with an exothermic reaction, depending on the room

temperature, among others. Often a bipedicular approach was chosen,

unless three vertebral fractures were treated in one session. In such

cases unipedicular approaches were used to make the procedure as

short and comfortable as possible for the patient. Moreover, it is known

that extensive (bipedicular) cement injection of more than two vertebral

bodies increases the risk of pulmonary cement- and/or fat embolism (5).

Two to eight cc cement was injected per vertebral body. Immediate

postprocedure, a CT scan was made to evaluate the distribution of

cement inside the vertebral bodies and to trace possible

cementleakages. After four to six hours of bed rest, those patients who

were in good clinical condition and had support at home were

discharged.

Clinical evaluation

 The clinical assessment of the PV therapy was done by

interviewing the patients both one and three months after their

treatment. The patients were asked about their back pain and

functioning of daily activities compared to their preprocedural condition.

X-rays of the spine were made one month postprocedure and MRI scans

were made three and six months after PV.

Results

 The PV were successfully performed in all cases. The cementation

was done in 31 of 33 treated vertebral fractures (94%) in 16 of 18

patients (89%). No relevant clinical complications occurred. Of 33

vertebral bodies, 20 had bipedicular approaches.
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 Of 18 patients, one patient with two osteoporotic VCF at levels

Th11 and Th12 had considerable venous contrast leakage to the inferior

cave vein. For safety reasons, no cement was injected, because of the

risk of lung embolism.

 Of 17 patients, 16 had significant or complete pain relief. Seven

patients were pain free immediately postprocedure. Eight patients

indicated initially unchanged pain postprocedure, but they demonstrated

progressive pain reduction within three to six months. One patient

indicated less back pain after a second additional cementation of the

same vertebral level, performed at another hospital. None of the treated

patients had worsening of their pain postprocedure. Nine patients were

discharged the same evening, the rest stayed in-hospital one night

because of lack of social support at home.

 One patient treated at levels Th12 and L3 had no pain relief.

Because the cement hardened too soon after mixing, only a small

amount of cement could be injected in the collapsed level Th12. Cement

injection of collapsed level L3 resulted in immediate leakage to the lower

intervertebral disc space and only a small filling of the vertebral body.

The patient refused a second procedure.

 The intraosseous venography showed no contrast leakage in 18

vertebral fractures. Leakage to intervertebral disc spaces and to

paravertebral veins occurred in two and eight vertebral fractures,

respectively. Three vertebral fractures showed considerable contrast

leakage. Subsequently, an embolization was performed of the

basivertebral veins, resulting in successful occlusion in one vertebral

level. Cementleakage to intervertebral disc spaces occurred in seven

vertebral fractures. Two levels demonstrated additional leakage to

anterolateral paravertebral spaces. Pedicle cement spurs in spinal soft

tissues dorsal to the spine occurred in four vertebral fractures. None of

these cementleakages resulted in clinical sequels. During the six months
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follow-up, no extra clinical relevant procedure related complications

occurred.

Discussion

 The first short term results of percutaneous vertebroplasty of

painful osteoporotic vertebral compression fractures were positive; no

clinical relevant complications occurred. Presently, no information is

available on the long term effects and our results have not been

compared to a conservatively treated control group. From literature it is

unknown in which patients with painful osteoporotic VCF a PV has a

surplus value over conservative treatment and at what moment in time

PV should be performed. Experience from daily practice suggests rapid

pain relief, but half of our patients demonstrated delayed pain relief, and

the contribution of the PV in these cases is unknown. In the natural

course of osteoporotic VCF pain relief occurs usually in several weeks to

months (13). In our opinion, accurate patient selection and optimal

postprocedural patient follow-up must be done in a multidisciplinary

setting of cooperating intervention radiologists, internists and orthopedic

or neurosurgeons. The prescription of supportive pain medication and

medication to treat osteoporosis should complement the PV.

 Initially we selected on purpose only patients with painful

osteoporotic VCF to treat. The risk of complications is higher in non-

osteoporotic and especially in malignant vertebral lesions (5-12).

A MRI scan of the spine is especially important in the preprocedural

radiological evaluation of patients (14). If the suspected symptomatic

vertebral fracture shows bone marrow edema on the MRI, successful

outcome of treatment is likely (14). Bone marrow edema implies an

active reaction in the vertebral body. In addition, other vertebral lesions

such as a herniated disc, spinal canal stenosis, vertebral tumors and



34

spinal degenerative disease, can be observed and excluded by MRI. A CT

scan is used to assess the intactness of the posterior vertebral body

wall, the size of the pedicles and the presence of an abdominal aortic

aneurysm.

 One of the risks of a PV procedure is cementleakage, usually

caused by pressurized cement injection in the vertebral body and/or

making use of suboptimal fluoroscopy. The most feared complication is

spinal cord compression. Other possible complications are radiculopathy,

pulmonary embolism, aortic rupture, rib fracture, bleeding, infection and

anaphylactic reaction to cement. Complications tend to occur more

easily in hypervascular lesions (malignancy, haemangioma), when the

cement consistency is too liquid and in cases of dorsal vertebral wall

fractures (12). The reported complications in PV procedures in

osteoporosis are limited to a few cases of rib fractures (6), intercostal

neuralgia (7), radicular neuralgia (8) and painful cementleakage in the

psoas muscle (9).

 The transpedicular approach is safest, because of less risk of

nerve damage and cementleakage in paravertebral spaces (Figure 1).

Alternative approaches are the posterolateral and costovertebral routes.

An intraosseous venography prior to definitive cementation could be

valuable to evaluate contrast leakage to paravertebral veins and soft

tissues (10,11,15,16). To minimize cementleakage a “toothpaste” like

consistency is preferred over a liquid one. Of highest importance is an

optimal anteroposterior and lateral fluoroscopy to closely follow the

cement distribution inside the vertebral body and to observe

cementleakage at an early stage. The total amount of injected cement

varies according to the treated vertebral level and ranges between two

and eight ml (17). The restoration of vertebral strength and stiffness is

already achieved with two ml cement, independent of the level of the
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spine (17). In the future, the development of materials will lead to a

more safe and optimal cementation.

 Contrary to PV, kyphoplasty claims to make height restoration

possible. After percutaneous needle placement, a balloon is inserted

inside the vertebral body and gradually inflated. The created space

between upper and lower endplates is subsequently filled with cement.

 The evaluation of the patients in our study was not done with

standardized questionnaires or by comparison with a control group. The

objective of this study was to describe the clinical practice of a new

promising treatment.

 All possible treatment options need to be discussed in a

multidisciplinary team consisting of physicians from the departments of

internal medicine, orthopedic and/or neuro surgery and interventional

radiology. The final therapeutic choice is determined by the extent of the

disease, the involved vertebral level(s), the severity of (back) pain, the

general physical condition and life expectancy of the patient. Sometimes

a combination of therapies is necessary. A multidisciplinary approach is

also essential to optimize the postprocedural patient care.

 The patients considered for PV in osteoporotic VCF must have

well defined local back pain. In addition, optimal conservative analgesic

therapy during four to six weeks must have had no or minimal effect on

the pain. To reduce the risk of spinal cord compression and other

neurological sequels, we treated collapsed vertebral bodies from mid to

lower thoracic and lumbar levels. With more experience, we will extend

our treatment indications.

Conclusion

 In our opinion, percutaneous vertebroplasty is a technically

feasible treatment in patients with symptomatic, therapy resistant
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osteoporotic vertebral compression fractures. Our first short term results

were comparable with the literature results (about 90% pain relief).

However, these literature results are mainly gathered from

retrospective, nonrandomized studies.

 Percutaneous vertebroplasty threatens to be introduced shortly in

the Netherlands without a preexisting clinical comparative evaluation.

Our patients were not assessed by standardized questionnaires and the

results were not compared with a control group. The purpose of this

study was to describe the clinical practice of a new promising treatment

and to acquire information on (technical) safety, short term

complications and effectiveness. To assess whether patients might profit

from this therapy, prospective randomized comparative intervention

studies with long term follow-up are necessary. The emphasis of those

studies must be directed towards the effectiveness of treatment of local

(back) pain in osteoporotic VCF, pain and quality of life pre and post PV,

compared to current standard therapy: optimal conservative treatment.
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Abstract

Objective. To determine the effectiveness and safety of percutaneous

vertebroplasty for the treatment of osteoporotic vertebral compression fractures as

published in the scientific literature.

Design. Literature review.

Methods. Medline and the Cochran library were searched with the terms

'percutaneous vertebroplasty', 'vertebral compression fractures', 'osteoporotic' and

'osteoporosis'. Criteria for inclusion were: (a) studies had to have been published in the

period January 1985-August 2002, (b) study population had to include at least 10

patients, (c) patients had to have been treated with percutaneous vertebroplasty, and (d)

diagnosis had to have been 'osteoporotic vertebral compression fracture'.

Results. Twelve studies met the inclusion criteria. Pain relief was seen in 60%-

100% of the patients within the first 24 hours and this result improved to 78-100% long

term (maximum 4 years). Complications immediately after the procedure were related to

cementleakages and were mostly of no clinical consequence. Serious complications such as

pulmonary embolism were rare. Long term, percutaneous vertebroplasty was associated

with an increased risk of fractures in the adjacent vertebrae.

Conclusion. Percutaneous vertebroplasty seems to be effective and safe in the

treatment of osteoporotic vertebral compression fractures. A prospective randomized

intervention study has not yet been performed. For the time being, percutaneous

vertebroplasty should be reserved for carefully selected patients in whom conservative

therapy has not been effective to treat pain.
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Introduction

 In the Netherlands about 800.000 people suffer from

osteoporosis. Progressive bone matrix loss and alternations in the bone

structure makes a patient more susceptible to skeletal fractures. In

addition to wrist and hip fractures, every year 16.000 new osteoporotic

vertebral compression fractures occur (1). The prevalence is 3% in men

and 9.5% in women between 50 and 70 years of age.

 Two thirds of osteoporotic vertebral compression fractures (VCF)

are relatively asymptomatic. In the Netherlands symptomatic

osteoporotic VCF are treated by physiotherapy, bracing, short time bed

rest and analgesics. The disadvantage of bed rest is rapid bone mineral

and muscle mass loss. To prevent the occurrence of new vertebral

fractures the underlying disease, osteoporosis, needs to be treated with

estrogen receptor modulators or bisfosfonates. In general, osteoporotic

VCF heal within several weeks to months accompanied by concurrent

pain relief (2). Some patients retain invalidating pain despite optimal

conservative therapy. These patients get chronic back pain and reduced

pulmonary capacity through spinal deformation (scoliosis, kyphosis),

resulting in decreased mobility and reduced quality of life (3).

 Since 1984 a new pain therapy in vertebral fractures exists:

percutaneous vertebroplasty (PV). The procedure was initially developed

in France by Deramond and Galibert, to treat an aggressive

haemangioma of vertebral level C2 (4). Ever since, PV has been applied

in various pathological vertebral lesions like metastases and multiple

myeloma. Since 1997 osteoporotic VCF are being treated in growing

quantities, mainly in the United States of America (5-12).

 PV is an intervention procedure that results in regained strength

and stiffness of vertebral bodies by the injection of bone cement. The

primary goal is (immediate) pain relief. In addition, the risk of further
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vertebral collapse is reduced. The mechanism of pain relief is not quite

clear. The most plausible explanation is mechanical stabilization of the

vertebral body by the cement (13-16). Other factors such as nerve

damage by heating of the cement during the hardening process (cement

hardens with an exothermic reaction) or a chemo toxic effect of the

cement, might also have an influence on the pain relief (17,18).

  Because osteoporosis has a high prevalence and the secondary

consequences of the disease such as vertebral fractures therefore have

large financial implications on health care, it is very important to

evaluate the outcomes of PV as treatment of painful osteoporotic VCF.

Although PV is performed for quite a number of years to treat these

vertebral fractures, the indication is controversial.

 To determine the effectiveness and safety of PV for the treatment

of osteoporotic VCF we reviewed the literature. The following subjects

were evaluated: procedural aspects, effectiveness and complications.

Material and methods

 The electronic database of the Medline and Cochran libraries

were researched by one of us (C.A.H.) on relevant publications in the

period January 1985 to August 2002. Search terms included:

‘percutaneous vertebroplasty and (vertebral compression fractures or

osteoporosis or osteoporotic)’. Besides, these search terms were also

used as ‘free-text’ terms, including all possible combinations. Moreover,

relevant additional publications were researched in the literature

references. The inclusion criteria of our literature review were (a)

studies published in the period January 1985 to August 2002 with (b) at

least 10 patients treated by (c) PV in (d) osteoporotic VCF. Studies in

which diverse pathology of vertebral lesions were treated by PV, were
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only included if results of osteoporotic VCF were separately evaluated.

Excluded were studies of vertebral fractures treated by kyphoplasty.

 Quality assessment of articles was done by one of us (C.A.H.).

The following issues were assessed: internal validity (presence of control

group, prospective/retrospective design), general aspects (description of

patient population) and quantitative aspects (size of patient group,

duration of pain and preprocedural therapy, length of follow-up,

objectivity of study results).

Results

 Of 118 traced publications, 12 matched our inclusion criteria

(Table 1) (19-30). All were observational studies, four were

prospectively and eight retrospectively conducted and there was no

comparison with controls. Most studies included small patient groups.

Often there was lack of data on exclusion criteria, severity of fractures,

duration of pain, and duration and type of the preprocedural therapy.

Three review articles were found, but no new studies were discussed

that matched our inclusion criteria (31-33). No prospective randomized

intervention study was published. In the period 1985 to 1997 no study

matched our inclusion criteria.

Patient selection

 Most studies included patients with pain for at least four weeks

not responding to conservative therapy. Three studies did not mention

information on the duration of pain (21,26,27). One study used the

onset of pain less than four weeks as inclusion criterion (20). Except for

one study (27), all studies used CT or MRI to exclude other causes of

back pain like herniated disc or vertebral malignancy.
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 The total number of treated patients in the studies was 423 (with

exclusion of one study with no specification of the number of treated

patients) (30) and 922 interventions were performed (with exclusion of

one study with no specification of the number of interventions). Every

treatment of one vertebral body was counted as one intervention. The

mean age of patients varied between 66 to 79 years and age ranged

from 39 to 99 years. In the early years of PV in France, mainly vertebral

tumors were treated. From the moment PV was accepted as a relative

safe procedure, increasing numbers of non malignant vertebral lesions

were considered for treatment. Following the retrospective evaluation of

the successful short term results in 29 patients with osteoporotic

vertebral fractures in 1997 by Jensen et al, the number of treatments by

PV expanded enormously, especially in the United States of America.

Technique of the procedure

 PV is a local treatment in which through a percutaneous approach

bone cement in a collapsed vertebral body is injected. After the

application of local anesthetics, bone biopsy needles are placed inside

the vertebral body under (biplane) fluoroscopic guidance. In selected

cases general anesthesia is used. The safest method to reach the

vertebral body is the transpedicular route; risk of nerve damage is

smallest this way. Alternative approaches are the lateral paravertebral

or costovertebral route, usually applied in thoracic levels. The aim is to

place the cement centrally in the anterior one third part of the vertebral

body.

 One or several vertebral bodies can be cemented per session. On

average 1.9 vertebral fractures were treated in the 12 included studies.

The maximum number of treated levels in one patient in one session

was six (21). Vertebral bodies can be approached from one or two sides,

named uni- or bipedicular approaches respectively. In two studies a
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bipedicular approach was used (19,28). Bipedicular cement injection

results in a more symmetrical cement distribution, accompanied by a

more equal distribution of strength (34). However, unipedicular

percutaneous approaches can be equally effective concerning clinical

outcome as bipedicular approaches (29,35). Most studies started with

unipedicular approaches to reduce operation time and complexity of the

procedure. In case unipedicular cement injection was insufficient,

additional cement was injected through a contralateral placed second

needle.

 Prior to final cementation frequently an intraosseous venogram

was made to reduce the risk of subsequent possible cementleakage

(Table 1). However, this diagnostic examination is controversial.

Especially in the United States of America intraosseous venograms are

applied. This method helps to exclude needle tip position in the

basivertebral veins complex and secondly to trace possible contrast

leakages to important paravertebral structures like the spinal canal,

epidural veins and central veins. Some authors state that intraosseous

venography predicts correct distribution of cement in 83% of procedures

(36). Others claim that due to the difference in viscosity between bone

cement and contrast, an intraosseous venography has no added value in

the clinical response and safety of PV (37-39). According to them, safety

of the procedure depends more on accurate visualization of cement

distribution and experience of the operator (37-39). In six out of 12

studies, intraosseous venograms were used (Table 1).

Cement

 In all studies polymethylmethacrylate (PMMA) was the main

substance of the used bone cement. Barium sulfate (for radio-opacity

purposes) and antibiotics were added. The mean volume of injected
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PMMA per vertebral body in the discussed patient groups varied between

2.5 and 11 ml.

Table one:  Published studies of percutaneous vertebroplasty in osteoporotic vertebral

compression fractures.

ref = literature reference; ∗ = R=retrospective/P=prospective; N=number; PV=percutaneous vertebroplasty; † = T=

thoracic/L=lumbar/S=Sacral; ‡ =when mentioned, mean is reported; in most studies only ranges are given. Overall

range from all studies was 2.5 – 11 ml; nm=not mentioned

first author; year

(ref)

design∗ N;

women/men

mean age in

years

(range)

number of

PV

procedures

vertebral

fracture

level†

intraosseous

venography

mean volume

cement per

vertebral body

(ml)‡

Jensen; 1997

(19)

R 29; 19/10 nm 47 17 T, 30 L yes 7.1

Cyteval; 1999

(20)

P 20; 17/3 nm

(62-92)

23 T10 – L4 no 4 – 8

Martin; 1999

(21)

R 11; nm 67

(32-87)

nm T4 – S1 yes nm

Cortet; 1999

(22)

P 16;

9/7

66 20 T / L no 6.5

Barr; 2000 (23) R 38; nm 69.4

(33-88)

70 T / L yes 2 – 5

Grados; 2000

(24)

R 25; 19/6 66

(48-78)

34 13 T, 21 L no 3 – 6

Heini; 2000 (25) P 17; 15/2 74

(50-86)

45 T6 – L5 no 5.9

Ryu; 2002 (26) R 159; nm nm 347 nm yes 3 – 6

Kallmes; 2002

(27)

R 41; nm nm 63 T4 – T8 no 3.2

Zoarski; 2002

(28)

P 30; 27/3 79

(57-90)

54 nm yes 4 – 8

Peh; 2002 (29) R 37; 27/10 73.6

(44-91)

48 T5 – L5 yes 6

Vasconcelos;

2002 (30)

R nm; nm 73

(18-99)

171 T4 – L5 no nm

Effectiveness of percutaneous vertebroplasty

 In the literature results are uniform regarding the pain relief in

patients with osteoporotic VCF treated by PV (Table 2) (19-30). (Sub)

total pain reduction was achieved in 78-100% of the procedures.

However, most studies had one or more methodological shortcomings.

As mentioned before, the effect of PV was not compared with outcomes
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in control groups in any of the studies. Many studies had a short follow-

up period, did not use standardized pain scores or provided minimum of

information. Besides, the pain reduction was not evaluated in all studies.

Table two: Effect of percutaneous vertebroplasty on pain relief in osteoporotic vertebral

compression fractures.

ref = literature reference; ∗ = in months, unless stated otherwise; † = VAS = Visual Analog Score (10-point scale

ranging from ‘no pain’ to ‘worse pain ever’); MODEMS = Musculoskeletal outcomes data evaluation and management

scale’; PV = percutaneous vertebroplasty; nm = not mentioned; § = improvement in pain reduction to 3.5 in 75% and to

4-5 in 15% postprocedure; 10% had pain due to cement leakage to psoas muscle or new vertebral fracture;  = 10

point scale  3 in 63% and 4 – 6 in 32%; 5% had no pain relief; ‡ = questionnaire of own design by authors

first author; year

(ref)

follow-

up∗

response (in

%)

method to

measure pain

mean pain score patients (%) with pain

reduction

pre PV post PV < 24 h long term

Jensen; 1997

(19)

24

(hours)

100 nm nm nm 90 nm

Cyteval; 1999

(20)

6 100 VAS 7.5 – 9.5 § 100 100

Martin; 1999

(21)

14 82 nm nm nm nm 78

Cortet; 1999

(22)

6 nm VAS 7.2 2.9 nm nm

Barr; 2000 (23) 18

(2-42)

94 VAS 10 nm 95

Grados; 2000

(24)

48 63 VAS 8.0 3.4 nm 96

Heini; 2000 (25) 12 100 VAS 7.5 3.5 100 nm

Ryu; 2002 (26) 3 64 VAS nm nm 60 87

Kallmes; 2002

(27)

28

(days)

76 11-point scale
‡

9.7 1.7 nm nm

Zoarski; 2002

(28)

15-18 83 10-point scale
‡ and MODEMS

9.7 2.6 97 96

Peh; 2002 (29) 11 81 VAS 8.3 nm nm 97

Vasconcelos;

2002 (30)

0 nm nm nm nm nm nm

Pain score

 To assess the effect of the procedure on pain relief, the Visual

Analog Score (VAS) of Huskisson (40) was used in six of 12 studies. On

a 10-point scale, the level of pain is indicated ranging from “no pain” to
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the “worse pain ever”. Three studies used standardized pain

questionnaires to assess the quality of life.

Pain reduction within 24 hours

 Pain reduction within 24 hours after procedure was evaluated in

five studies. All studies demonstrated pain reduction in 60-100% of

patients (19,20,25,25,28). Three studies used VAS to evaluate pain

reduction (20,25,26). One study showed a preprocedural VAS of 7.5-9.5

and an improvement to 3,5 in 75% and 4-5 in 15% postprocedure. The

remaining 10% of patients had pain caused by cementleakage to the

psoas muscle or occurrence of a new vertebral fracture at another level

(20). Another study showed a decrease of mean VAS of 7.5

preprocedure to 3.5 within 24 hours postprocedure (25).

Long term pain reduction

 On the long term, ten of 12 studies showed a significant pain

reduction (20-29). The follow-up period in the 12 studies ranged

between 24 hours and four years. The long term results seemed to be

somewhat better compared to the results within 24 hours. One study

demonstrated a success outcome percentage of 95%: postprocedural

VAS  3 in 63% and VAS 4-6 in 32%; unchanged pain was observed in

5% (23). Another study described a success of 97%, while only 47% of

patients demonstrated complete pain relief (29). The patient population

in this study had severe VCF: vertebrae plana with a collapse of more

than two thirds of the original height. The success percentage in the

retrospective study with the longest follow-up (four years) was 96%

(24). The preprocedural VAS was 8.0. In between one month and four

years follow-up, the mean pain scores decreased from 3.7 to 3.4. In

another study the preprocedural mean VAS was 7.2 (22). On day 30, 90
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and 180, the VAS decreased significantly to 4.4, 3.9 and 2.9,

respectively.

 Three studies evaluated some other clinical aspects besides pain.

One study made use of quality of life questionnaires (‘Nottingham health

profile’) and showed significant improvements in four of six aspects:

pain, physical mobility, emotion and energy (22). Authors of another

study made use of the ‘Musculoskeletal outcomes data evaluation and

management scale’ (MODEMS) that included pain, therapy expectation

and satisfaction, as well as mental and physical functioning (28). All four

modules showed significant improvement after treatment. The third

study showed a non-significant improvement in medication and mobility

scores.

Complications

 In the literature, the risk of complications with clinical

consequences caused by the PV procedure was small and ranged

between 0 to 10%. Procedure related complications of PV can either

occur short term or long term.

Short term complications

 Short term complications occur during the procedure or within 24

hours postprocedure. The 12 included studies demonstrated

cementleakages to various paravertebral tissues during the procedure in

3.3-68.8%, frequently without clinical sequels (Table 3) (19-30). Most

frequent, cementleakage to an intervertebral disc space occurred, in 9.3

- 35% of patients (19,20,22,24,29,30). Incidentally, cementleakage was

observed in the epidural space, paravertebral veins, paravertebral soft

tissues, anterior internal venous complex, neuro foramina, venous

plexus and spinal canal (19,20,22,25,26,28-30). Detailed information of

possible cementleakage was not always reported. The occurrence of
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cementleakage was not reported in a number of the studies or it was

indirectly ruled out because no clinical sequels took place. However, post

operative CT scans were never made.

 Pulmonary embolism can occur by venous PMMA or by

(vertebral) fat leakage via the inferior cave vein to pulmonary vessels.

Four of 12 studies reported the occurrence of pulmonary embolism,

usually without respiratory changes, and with a prevalence of 0.5 -

6.8% (19,24,28,30). Low cement viscosity increases the risk of leakage

(41). One study discovered two other significant correlation’s (26):

higher risk of cementleakage is associated with larger amounts of

injected cement and with the level of treated vertebral bodies (this is in

correspondence with another study that was excluded from our review)

(34). Highest incidence of cementleakage occurred in vertebral levels

above Th7.

 Next to complications due to the leakage of bone cement, a

number of other complications were reported, among which a rib

fracture, pedicle fracture and infections, including staphylococcal

epidermitis and urethritis due to bladder catheterization (19,23,27). In

addition, sporadic occurring severe complications were reported,

including radiculopathy, arrhythmia and arterial hypotension during and

shortly after injection of the bone cement (23,24,30).

Long term complications

  It is unclear whether PV has long term harmful consequences on

back stature, and what the duration of strength by the bone cement will

be. The vertebral bodies adjacent to the treated VCF by PV seem to

have a higher risk to fracture in future. The longest follow-up study

(four years) reported at least one new fracture in 13 patients (52%)

with an odds ratio of 2.27 of new vertebral fractures at the levels

adjacent to the treated levels and an odds ratio of 1.44 of new vertebral
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fractures adjacent to intact levels (24). Other studies also reported the

occurrence of new vertebral fractures during follow-up (20,23,25,28).

Table three:  Percentage of patients with short and long term complications of percutaneous

vertebroplasty of painful osteoporotic vertebral compression fractures.

ref = literature reference; ∗ = in months, unless stated otherwise (range); † = percentage of number of treated

vertebral fractures

first author; year (ref)

Jensen; 1997

(19)

Cyteval; 1999

(20)

Martin; 1999

(21)

Cortet; 1999

(22)

Barr; 2000

(23)

Grados; 2000

(24)

number of

patients

29 21 11 16 38 25

follow-up∗ 24 (hours) 6 14 6 18 48

short term complications

rib fracture 6.8 4

arterial

hypotension

pulmonary

embolism

6.8

pedicle fracture

radiculopathy 2.6 8

infection 2.6 0

cementleakage 34.4 38 68.8 28

- intervertebral

disc space

31.0 23.8 18.8 28

- paravertebral

veins

- anterior internal

venous plexus

3.4

- paravertebral

soft tissues

37.5

- spinal canal

- epidural space 18.8

- lumbar venous

plexus

4.7 6.3

- foramina 9.5

long term complications

new vertebral

fractures during

follow-up

23.8 0 2.6 52
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Table Three continued

first author; year (ref)

Heini; 2000

(25)

Ryu; 2002 (26) Kallmes; 2002

(27)

Zoarski; 2002

(28)

Peh; 2002 (29) Vasconceloos;

2002 (30)

number of

patients

17 159 41 30 37 -

follow-up∗ 12 3 28 (days) 15 - 18 11 0

short term complications

rib fracture

arterial

hypotension

0.5†

pulmonary

embolism

3.3 0.5†

pedicle fracture 2.4

radiculopathy

infection 2.4

cementleakage 20† 40.3 3.3 43 27.2†

- intervertebral

disc space

35† 9.3†

- paravertebral

veins

2.5† 16.9†

- anterior

internal venous

plexus

- paravertebral

soft tissues

12.5† 8† 1†

- spinal canal 5†

- epidural space 40.3 3.3

- lumbar venous

plexus

- foramina

long term complications

new vertebral

fractures during

follow-up

11.8 13

Discussion

 Although studies in the literature and our own experience

suggest that PV is a safe and successful therapy of painful osteoporotic
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VCF, we need to be somewhat reserved in our enthusiasm. In the

literature, significant pain reduction was achieved in 70-90% of cases

within 24 hours and this outcome does not change on long term. Both

mobility and quality of life are being improved. Although the incidence of

complications was relatively low and most often without clinical sequel,

incidental reports of patients with serious complications have been

published, including cases of hypotension, radiculopathy, spinal cord

lesion and pulmonary embolism (42-45).

 Long term, an increased risk of occurrence of new vertebral

fractures adjacent to the vertebral fractures treated by PV seems to

exist. The occurrence of new vertebral fractures could be due to the

underlying disease, osteoporosis (46), or to the changed strength forces

of the cement on adjacent structures, as well as a combination of both.

The injected cement could result in increased stiffness with accompanied

increased pressure on adjacent vertebral levels. However, women with

osteoporotic VCF not treated by PV also have this increased risk of new

vertebral fractures within the first year. After initial vertebral fracture,

the incidence of new vertebral fractures is 19,2% (13.6-24.8%)(47). In

a study on the effect of raloxifene, 4.5% of 1522 women without

vertebral fractures in the placebo group developed new fractures during

follow-up, compared to 21.2% of 770 women with preexisting vertebral

fractures; the relative risk was 4.7 (48).

 Since procedure related complications were not systematically

recorded in the included studies of our literature review,

disadvantageous effects of PV cannot with certainty be excluded. All

studies demonstrated methodological shortcomings, such as small

patient groups, short follow-up period, minimal basic characteristics

and/or no standardized pain scores. In addition, the results were not

based on randomized intervention studies, but on observations

comparing “before” to “after”.
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 In our opinion, a PV treatment should currently only be

considered in patients not responding to conservative therapy. In

addition to PV, bisfosfonates or selective estrogen receptor modulators

need to be prescribed to prevent new osteoporotic VCF.

 Although the present literature review was not systematically

conducted, because study selection and data assessment was done by

one individual, and the studies were not systematically scored on quality

criteria, we don’t expect that this would have influenced the outcomes of

this review in such a way that different conclusions need to be drawn.

Conclusion

 Based on available literature, we conclude that percutaneous

vertebroplasty is an appropriate treatment in selected patients with

painful osteoporotic vertebral compression fractures resistant to

conventional pain therapy. Future prospective randomized intervention

trials are necessary in order to assess both the benefit, as well as the

short and long term effectiveness of percutaneous vertebroplasty.
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Abstract

Purpose:  To prospectively assess the short, mid and long term pain relief in

patients with osteoporotic vertebral compression fractures (VCF) after percutaneous

vertebroplasty (PV).

Methods:  Visual Analog Score (VAS) for pain at the treated vertebral level,

analgesic use and satisfaction with outcome was assessed in 112 patients after PV of 168

VCF. Serial follow-up was performed at 24 hours, three, six and 12 months and in a

minority at 1 – 3 years. Procedure related complications were evaluated by physical

examination and CT scan of treated levels.

Results:  After PV, VAS for pain at treated vertebral levels and use of analgesics

was significantly less compared to scores before treatment at every follow-up period.

Within 24 hours postprocedure, decrease in all scores was less compared to scores at later

follow-up periods, but this was not significant. Preprocedural mean VAS was 8.8. At follow-

up mean VAS was between 2.5 and 3.3. Short term after PV, patients used significantly

less analgesics and 86% of patients was satisfied with outcome. At mid- and long term

follow-up, patients used even less analgesics and 95-100% of patients were satisfied with

outcome. Procedure related complications with clinical consequence occurred in three

patients (2.7%): one patient experienced a cardiovascular reaction, one patient had a

pedicle chip fracture and another a rib fracture.

Conclusion:  Percutaneous vertebroplasty of painful osteoporotic VCF provides

immediate and long lasting pain reduction in nearly all treated patients.
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Introduction

 Percutaneous vertebroplasty stabilizes vertebral body lesions by

cement injection. Percutaneous vertebroplasty (PV) has several

indications, but nowadays most frequently painful osteoporotic vertebral

compression fractures (VCF) are considered for treatment. The primary

aim of treatment is to reduce or relief patients from the pain caused by

the collapsed vertebral body. The first case report of PV in osteoporotic

VCF was published in 1989 in France and the first results in a series of

patients with osteoporotic painful VCF retrospectively evaluated was

published in 1997 (1,2). Ever since, numerous studies with clinical

outcomes have been published. Review of clinical studies in patients

with osteoporotic VCF showed good pain response in 80 to 100% of

patients, short and long term after PV and few procedure related

complications (3-6). However, the authors reported that nearly all

studies had one or more methodological shortcomings. Most studies

were retrospectively performed, few studies assessed clinical results in

larger series of patients and few studies evaluated patients with serial

follow-up.

 In the present study we assessed the prospective clinical

outcomes of 112 patients with painful osteoporotic VCF treated by PV at

serial follow-up periods up to three years after PV. In addition we

performed a literature review (a) to summarize the clinical outcomes

from previous conducted prospective studies of patients with painful

osteoporotic VCF at short, mid and long term follow-up periods after PV

and (b) to compare these outcomes with results from the present study.
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Patients and Methods

Patient selection

 Between March 2002 and June 2005, all patients who

consecutively underwent a PV of a painful osteoporotic VCF in our

hospital were prospectively recruited for a clinical follow-up study after

PV. The inclusion criteria for VCF to be treated by PV were: (1) VCF with

at least 15% height loss of the vertebral body compared to the posterior

wall height, (2) back pain refractive to medical therapy for at least six

weeks and related to the level of the VCF at fluoroscopy guided physical

examination, (3) presence of bone marrow edema in the collapsed

vertebral body on magnetic resonance imaging (MRI), (4) bone density

T-scores less than -2.0. The exclusion criteria were (1) indication of

another underlying disease, (2) bleeding disorders, (3) any ongoing

systemic or spinal infection, (4) myelopathy and/or radiculopathy, (5)

patients not able to lie on their stomach and (6) patients with poor

cardiopulmonary conditions. The inclusion criteria for follow-up of

patients were: (1) completed pain questionnaires before PV and at least

at 24 hours and three months after PV, and (2) successful PV procedure.

A successful PV was defined by the succeeded injection of cement in the

involved collapsed vertebral body without technical failure of the

materials used. Before the procedure, Institutional Review Board

approval and patient informed consent were obtained.

Imaging protocol

 Conventional anteroposterior and sagittal X-rays of the spine

were made to diagnose the VCF. If these VCF were painful, a total spine

MRI was performed on a 1.0 or 1.5T MRI scanner. The MRI sequences

consisted of sagittal T1 weighted, T2 Turbo Spin Echo (TSE) weighted and
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STIR (Short Tau Inversion Recovery) images and transverse T2 TSE weighted

images at the level of the VCF with bone marrow edema.

 The shape and grade of every treated VCF was scored using the

semi quantitative visual grading scale of vertebral deformities according

to Genant (7). Bone marrow edema in the collapsed vertebral body was

defined as decreased signal intensity on T1 weighted images and

increased signal intensity on STIR-weighted images (8).

 Immediately after the PV, in all cases a CT volume scan with

multiplanar reconstructions of the treated and adjacent levels was made

to assess cement deposition and to identify possible extra

cementleakage or other local complications that might not have been

noted under fluoroscopy. Follow-up total spine MRI scans were

scheduled at three, six and 12 months after PV and were compared to

identify new VCF at untreated levels.

Procedure

 The PV was performed under local anesthesia on a biplane

angiographic unit. The patients were placed in prone position on the

angiography table. Two grams of prophylactic intravenous cephalozin

was given one hour before the procedure. In the majority of cases a

bilateral transpedicular approach was used. Polymethylmethacrylate

(PMMA) bone cement was injected manually under continuous

fluoroscopy using 1.0 cc syringes and 11 or 13 Gauge bone biopsy

needles (William Cook Europe, Bjaeverskov, Denmark). Various bone cements

were used: Simplex-P (Howmedica, Limmerick, Ireland; n=15), Palacos LV-40

(Schering-Plough Europe, Brussels, Belgium; n=33), Osteopal V (Biomet Merck, Ried b.

Kerzers, Switzerland; n=45) and Osteo-Firm (William Cook Europe, Bjaeverskov,

Denmark; n=75).

 In general, the patients were discharged within 24 hours

postprocedure.
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Clinical follow-up

 Immediately postprocedure and during their hospital stay, special

attention was focused on the possible development of neurological

consequences of the PV procedure. In addition, the patients were

observed to exclude dyspnoea or chest pain. In case of procedural

complications, additional examinations were performed and the

complications were treated according to their cause.

 Follow-up was scheduled at fixed intervals: 24 hours, three, six

and 12 months after PV and in several patients also at longer periods up

to three years after PV. Before the PV and at every follow-up visit, a

visual analogue scale (VAS) for pain was scored from 0 to 10, with 0

representing no pain and 10 representing the worst pain in the patient’s

life (9). In addition, the patients were asked whether their pain was

located at the treated spinal level or at another level. VAS represents

the pain at the treated level. The type of analgesic use was noted and

categorized into no analgesics, paracetamol (acetaminophen), Non

Steroid Anti Inflammatory Drugs (NSAID), and opiate-derivatives. The

patients were asked whether they were satisfied with the outcome of

PV, dichotomized in yes or no.

Statistical analysis

 The changes in VAS at the different points in time were assessed

by subtraction of scores at different follow-up intervals. The differences

in type of analgesics used at every follow-up period were quantified by

defining analgesic use as an ordinal variable in which no analgesic use

was coded as 0, paracetamol (acetaminophen) as 1, NSAID as 2 and

opiate-derivatives as 3. The paired T-test was used to compare the

changes in VAS and the Wilcoxon paired sample test to compare the

type of analgesics used before and after the PV. The patient satisfaction
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with the outcome of PV was assessed as the percentage of the total

group at the different follow-up periods.

Literature review

 In order to compare our outcome scores after PV with results

from the literature, the electronic databases of the Medline and Cochran

libraries were searched with the terms ‘percutaneous vertebroplasty’

and ‘vertebroplasty’, as well as ‘vertebral compression fractures’ or

‘vertebral fracture’ combined with ‘osteoporotic’ or ‘osteoporosis’. The

criteria for inclusion of studies were: (a) publication in the period

January 1989 until October 2005, (b) a prospective study design, (c) the

patients had to be treated with PV, (d) the diagnosis had to be

‘osteoporotic vertebral compression fracture’, and (e) the clinical

outcome after PV had to be evaluated. Studies with inclusion of several

pathologic vertebral lesions treated by PV were only included if the

results of osteoporotic VCF were separately evaluated. Reviews and case

reports were excluded.

 The included studies were evaluated for (a) the selection of

patients, including the total number of patients included and the actually

evaluated number of patients with osteoporotic VCF at every follow-up

period, (b) the moments in time of every follow-up, (c) the scoring

methods to assess the result of PV, (d) the VAS pain score before and

after the procedure, (e) the percentage of patients with improved

outcome and (f) the procedure related complications with clinical

consequence. The total number of patients and the mean outcome

results were assessed at short term (immediate up to one month), mid

term (from one to six months) and long term (more than six months)

after PV.
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Results

Patient population

 A total of 121 patients were enrolled in the study. During the

study period, nine patients were excluded: two patients died within

three months of unrelated disease and seven patients refused three

months follow-up MRI. The remaining 112 patients met all study

inclusion criteria and are the subjects of this study. Twenty men (18%)

and 92 women (82%) with a mean and median age of 72 years (range

46 – 91 years) had 425 pre-existing VCF with a median of three VCF per

patient (range 1-12). Of these 425 VCF, 168 painful VCF demonstrated

bone marrow edema on MRI and were subsequently treated with PV. All

168 treated vertebrae had intact posterior walls, pedicles and posterior

arches. Thirty-nine patients (35%) had multiple VCF treated in one

session: 34 patients with two VCF and five patients with three VCF.

Three patients had five VCF treated in two sessions. Of the 168 treated

VCF, 111 (66%), 55 (33%) and two (1%) were wedged, biconcave and

crush shaped, and 56 (33%), 58 (35%) and 54 (32%) were scored as

grade 1, 2 and 3, respectively. The vertebral levels treated by PV ranged

from Th5 through L5. The most frequent treated vertebral levels were

Th8 and Th11 - L2. The mean and median duration of pain from fracture

of the vertebra to the  time of PV was four months and ranged from six

weeks to one year.

Procedure

 The mean injected cement volume per vertebral body was 2.9 cc

(median 3.0 cc) and ranged from 1.0 to 9.0 cc. Cementleakage occurred

in 79 treated VCF (47%). Even the smallest extra vertebral

cementleakage was registered from postprocedural CT scan of the

treated levels. All cementleakages were minor, without clinical
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consequence and were located at the adjacent intervertebral disc spaces

(n=45 (27%)), the segmental paravertebral veins (n=23 (14%)) or the

epidural veins (n=5 (3%)). Five cement spurs occurred in the bone

biopsy needle track transpedicular into the local soft tissues of the back

(3 %). No pulmonary embolism, radiculopathy or spinal cord

compression was clinically observed.

 Three complications (2.7%) with clinical consequences occurred

during the procedures. One patient had a short term drop in arterial

pressure and arrhythmia as a reaction to pain during needle placement.

Another patient had a cement track intrapedicular that broke upon

manipulation by the bone biopsy needle. Consequently a small cortical

fracture at the medial border of the pedicle arose. No neurological

consequence evolved. The last patient had a rib fracture during PV of

level Th8 with local pain for several months.

Clinical outcome

 The mean and median follow-up after PV was 10.4 and 12

months, ranging from three to 37 months. Six months follow-up was

complete in 100 patients (89%). Three patients had died unrelated to

the PV procedure and nine patients had not completed their six months

follow-up. Twelve months follow-up was complete in 59 patients (53%).

One patient had died, the rest had not completed their follow-up.

Sixteen patients (14%) consented to be evaluated more than one year

after their PV.

 The mean preprocedural VAS was 8.8 (median 9.0). After PV, the

VAS for pain at the treated levels and the use of analgesics was

significantly less compared to the scores prior to treatment (p<0.001)

(Table 1). Short term after PV, the mean decrease in VAS was 5.7, 47%

of patients used less analgesics and 85% of patients were satisfied with

outcome of PV. Mid- and long term after PV, the mean decrease of VAS
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ranged from 5.9 – 6.3, 67 – 86% of patients used less analgesics and

95 – 100% of patients were satisfied with the outcome (Table 1). The

mean VAS scores did not significantly differ at every follow-up period

after PV. Within 24 hours after PV, less patients were satisfied with their

PV outcome compared to later follow-up periods (p=0,04) and the

patients used more analgesics compared to mid- and long term follow-

up (p<0.001). Most of these patients had procedure related pain due to

either subcutaneous hematoma, muscle stiffness or pain due to being

unaccustomed to lying in a prone position. From three months follow-up

and later, the patients indicated no significant change in analgesic use

and were evenly satisfied with outcome of PV (Table 1).

 No patient had worse pain at a treated vertebral level

postprocedure compared to before PV. Six patients (5%) were not

satisfied with the outcome of PV at three months follow-up and had

unchanged pain. Of these six patients, respectively four and three were

still in follow-up at six and 12 months after PV (Table 1). One patient

with the previously described pedicle chip fracture (Figure 1), still had

local pain three months after PV and died four months after PV due to

cardiac failure. Two patients with lasting pain were retreated with a

second PV at the same level, one patient three months and the other six

months after previous PV, respectively. Both patients had pain relief

after the second PV. Three patients had unchanged pain after PV of

unknown cause. Their PV procedures were technically successful. No

cause for the unchanged back pain could be traced by physical

examination or MRI.

 During follow-up, 25 patients (22%) developed 39 new VCF at

untreated levels. No other new spinal pathology was observed. Half of

the new VCF were clinically unnoticed by patients or caused minimal

back pain. Half of the new VCF occurred at adjacent levels to treated

levels.
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Table one: Visual Analog Score (VAS), use of analgesics, pain relief / reduction percentage and

satisfaction with outcome before and at every follow-up period after percutaneous

vertebroplasty (PV) in 112 patients with painful osteoporotic vertebral compression fractures.

NSAID = non steroid anti inflammatory drugs

before PV follow-up period after PV

24 hours 3 months 6 months 12 months 1 – 3 years

Number of patients 112 112 112 100 59 16

VAS

- mean

- median

- range

8.8

9.0

5 – 10

3.3

3.0

0 – 10

2.8

3.0

0 – 10

2.5

2.0

0 – 8

2.5

2.0

0 – 7

2.8

2.0

0 – 6

Analgesic use score

- mean

- median

- range

2.1

2.0

0 – 3

1.0

1.0

0 – 3

0.6

0

0 – 3

0.5

0

0 – 3

0.5

0

0 – 3

0.3

0

0 – 2

Percentage of

patients with

- pain relief

- pain reduction

- no change

42%

44%

14%

45%

50%

5%

56%

39%

5%

55%

40%

5%

57%

43%

-

Satisfied with

outcome PV

- 86% 95% 95% 95% 100%

Figure one: Patient with a broken pedicle cement spur upon manipulation with the  bone biopsy

needle and a subsequent pedicle chip fracture on the medial side of the pedicle. No

neurological consequence occurred. The local pain was treated by analgesics and local injection of an

anaesthetic. A. postprocedural X-ray of treated vertebral level L1 in anteroposterior view showing the

broken cement spur (arrow). B. transverse CT scan image showing pedicle chip fracture (arrow)

C. transverse T2 weighted MR image at the same level showing pedicle chip fracture (arrow) and intact

intra spinal structures.
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However, all patients could discriminate the new pain from their original

pain of their previously treated VCF by PV. In most cases, the

new VCF were treated conservatively. In case a new VCF caused

invalidating pain not responding to conservative treatment during a six

to eight weeks period, a PV was performed.

Literature review

 Of the 174 traced publications with clinical results after PV in

patients with painful osteoporotic VCF, 14 matched our inclusion criteria

(10-23). In the period 1989 to 1998 no study matched our inclusion

criteria. Table two summarizes the population, follow-up, evaluation

method used and VAS outcomes of the 14 included studies. Overall, 710

patients were included with a mean preprocedural VAS of 7.9 (range 7–

10).

 From the start of their studies, a total of 92 patients were lost to

follow-up from the studies by Diamond, Chen and Do (15,19,23). The

shortest follow-up was one day and the longest follow-up was five years

after PV (14,21).At short, mid and long term follow-up 555, 309 and

247 patients were evaluated with a mean VAS of 2.7 (range 1.1-4.4),

3.0 (range 1.1-3.7) and 2.9 (range 1.6-3.9), respectively. The

improvement of pain after PV ranged from 53-100%, 72-94% and 77-

100% on short, mid and long term postprocedure, respectively. Table

two summarizes procedure related complications with clinical outcome of

included studies. The complication percentage ranged between 0–12 %.

The mean and median complication percentage were 2.5% and 1.4%,

respectively. Most frequently (transient) radiculopathy occurred.

 All 14 included publications were prospective observational

studies. No study was a prospective randomized comparative

intervention study with controls. Single follow-up VAS was evaluated in

two studies short term and in one study mid term after PV (10,21,23).
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Follow-up VAS scores at two periods was evaluated in one study short

and long term, in three studies short and mid term, and in two studies

mid and long term after PV (11,13,16,18,20,22). In the remaining five

studies, longitudinal short, mid and long term follow-up VAS after PV

were evaluated (12,14,15,17,19). In addition to VAS scores for pain,

eight studies used pain and/or physical functioning questionnaires to

measure outcomes (11,13-18,23). The measurement of analgesic use

was evaluated in six studies (11,15,17,20,22,23). Eleven studies

evaluated the percentage of patients with improved pain after PV

(10,12-15,17,19-23).

Table two: Number of patients with osteoporotic vertebral compression fractures treated by

percutaneous vertebroplasty (PV) and differences in pain scores before and after

treatment as well as procedure related complications with clinical consequence in 14 prospective

conducted clinical studies assembled from the literature between January 1989 and October 2005.

ref = literature reference number; VAS = Visual Analog Score (for pain); § = d=days, w=weeks, m=months, y=years;

- = not reported; # NHP = Nottingham Health Profile; † MODEMS = Musculoskeletal Outcomes Data Evaluation and

Management Scale;¥ MPQ = short McGill pain questionnaire; ‡ OLBPD = Oswestry Low Back Pain Disability; * OQLQ =

Osteoporosis Quality of Life Questionnaire

first

author;

year (ref)

total

number

of

included

patients

number

of

patients

evaluated

at follow-

up period

follow-

up

period §

method to

measure

pain

outcome

mean

VAS

before

PV

mean

VAS

after

PV

percen-

tage of

patients

with

improved

outcome

number of

patients with

complications

(%)

description of

complications

Cyteval

1999 (10)

20 20 6 m VAS 7.5-

9.5

3.7 90% 1 (1%) 1 intercostal

neuralgia

Cortet

1999 (11)

16 16 3 d

1 m

3 m

6 m

VAS,

NHP#

7.2 3.4

4.4

3.9

2.9

- 0

Heini

2000 (12)

17 17 1 d

3 m

12 m

VAS 7.5 3.2

2.8

3.2

100% 0

Zoarski

2002 (13)

30 30

22

2 w

15-18 m

VAS,

MODEMS†

9.7 1.7

2.6

97%

96%

1 (3.3%) 1 pulmonary

embolism

Perez-

Higueras

2002 (14)

17 13 3 d

3 m

5 y

VAS,

MPQ¥

9.1 1.1

1.1

2.2

100% 2 (12%) 2 transient

radiculopathy

Diamond

2003 (15)

55 42

31

1 d

6 w

VAS,

Barthel

7.6 3.6

2.0

53%

72%

3 (5.5%) 2 fracture

transverse
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17 6-12 m index  1.6 77% proces

1 hematoma

psoas muscle

Legroux-

Gerot

2004 (16)

16 16 6 m

35 m

VAS, MPQ¥,

NHP#

7.1 3.6

3.9

- 0

Winking

2004 (17)

38 38 2 d

6 w

6 m

12 m

VAS,

OLBPD‡

7 1.8

1.8

2.6

2.6

92% 1 (2.6%) 1 transient

radiculopathy

McKiernan

2004 (18)

46 46

41

1 d

2 w

2 m

6 m

VAS,

OQLQ*

7.7 2.8

4.5

3.2

3.5

- 0

Chen

2004 (19)

75 70

70

1 d

1 m

1 y

VAS 8 3.8

3.6

3.0

91% 2 (2.7%) 1

radiculopathy

1 pulmonary

embolism

Fessl

2005 (20)

26 26

13

6 m

12 m

VAS 10 2.8

2.7

92%

100%

0

Kobayashi

2005 (21)

175 175 1 d VAS 7.2 2.1 96% 3 (1.7%) 2 transient

nausea upon

cement

injection

1 para-

vertebral

hematoma

Liliang

2005 (22)

16 16 1 d

6 m

VAS,

Barthel

index

8.9 4.3

2.8

81%

94%

1 (6.3%) 1 transient

radiculopathy

Do

2005 (23)

167 92

79

1 m

6 m – 3

y

VAS,

SF-36

8.7 2.8

-

90 %

80 %

0

Discussion

 The present study shows long lasting pain reduction after

percutaneous vertebroplasty of treated painful osteoporotic VCF.

Immediately postprocedure, most patients (86%) already benefited

from treatment, while these same patients suffered on average four

months of pain before their treatment with PV. Some patients

experienced short term procedure related spinal muscle pain, which
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resolved in a couple of weeks. From three months follow-up onwards,

nearly all patients indicated persistent reduction or relief of pain related

to the treated vertebral level. Most patients didn’t use analgesics

anymore or took less strong analgesics. About 95% of patients were

satisfied with outcome of PV. No patient had more pain after PV. Few

procedure related and no major complication(s) occurred.

 From the first publication of patients treated with PV for

osteoporotic VCF in 1989 until October 2005, 14 prospective studies

evaluated the clinical outcome in patients with painful osteoporotic VCF

treated by PV (10-23). In total, 710 patients underwent PV in the

included studies. At short, mid and long term follow-up a total of 555,

309 and 247 patients were evaluated, respectively. Overall, the mean

VAS decreased from 7.9 preprocedure to 2.7 – 3.0 at follow-up after PV.

These results are comparable to the results from our study in 112

patients (Tables 1 and 2). Five prospective studies assessed short, mid

and long term longitudinal clinical outcome after PV of osteoporotic VCF

(12,14,15,17,19). The follow-up results from Diamond and Chen are

comparable to our results: the short term VAS was a little bit higher

than the mid and long term VAS (15,19). The short and mid term results

from Heini are comparable to our results, but their long term result

showed a small increase in VAS (12). Contrary to these findings, the

studies by Perez-Higueras and Winking showed a lower short term VAS

compared to later follow-up scores (Table 2) (14,17).

 Five studies evaluated the outcomes of the changes in analgesic

use in relation to the use before PV (15,17,20,22,23). All showed a

decrease in analgesic use after PV. Overall, from mid term follow-up

onwards about 75% of the patients did not use analgesics anymore after

PV. The outcomes from our study can only be compared to the serial

follow-up results from the study by Diamond. Within 24 hours

postprocedure, 95% of patients used less than half of preprocedural
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needed analgesics (15). At mid term follow-up, 64% of patients used

less than half of the analgesics they needed 24 hours postprocedure and

at long term follow-up, 12% of patients used less than half of the

analgesics they needed at mid term follow-up (15). Except for the initial

high decrease in analgesic use, these outcomes are comparable to the

decrease in analgesic use in our patients during follow-up (Tables 1 and

2).

 The percentage of relief or reduction of pain after PV was

evaluated in eleven studies. Serial data on the percentage of patients

with pain improvement was only presented by Diamond (15). Their

patients indicated a good albeit less positive outcome than ours, but the

trends are comparable: within 24 hours after PV less patients (53%)

indicated improvement of pain compared to better outcomes at later

follow-up periods (72-77%). Other studies showed overall 80 –100%

improvement during follow-up.

 In addition to the previous discussed pain assessment scores,

eight studies evaluated  clinical outcomes by standardized

questionnaires (Table 2). Two types of additional standardized pain

scales were used by four authors, the Barthel index and the short McGill

pain questionnaire (14-16,22). The Barthel index level of function

records the level of pain associated with five activities on a visual 5-

point scale (24). The short McGill pain questionnaire records VAS for

pain on a 6-point scale and a pain descriptor scale, which sums the

number of words chosen from a list of adjectives frequently used to

describe pain (25). One study evaluated the pain outcomes using the

Oswestry Low Back Pain Disability questionnaire, assessing back pain

related limitations of various activities of daily life divided into ten

sections (17,26). The efficacy of PV was assessed in five studies by

changes over time in quality of life with the use of a SF-36 scale (23),

Osteoporosis Quality of Life Questionnaire (OQLQ) (18,27), Nottingham
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Health Profile (NHP) (11,16,28) or modified Musculoskeletal Outcome

Data Evaluation and Management Scale (MODEMS) (13,29). In general,

these quality of life questionnaires evaluate five to ten different health

scales. After PV, the scores were better than prior to treatment in all

studies. Not using additional standardized pain or quality of life

questionnaires was one of the limitations of our study.

 Overall, 2.5% (range 0 - 12%) procedure related complications

of PV with clinical consequence in patients with osteoporotic VCF arose

in included studies from the literature review (Table 2). Most frequently,

transient radiculopathy occurred. Six studies reported no complications

with clinical consequence. The highest complication percentage occurred

in small patient groups (14,22). In larger patient series the complication

rate ranged from 0 - 5.5%. Three patients in our study had PV related

complications with clinical consequence (2.7%). No major complication

resulting in additional invasive treatments, lasting neurological deficits

or prolonged hospital stay occurred in the present study. In general, PV

is considered a safe procedure in the treatment of osteoporotic VCF

when performed by experienced operators and with the use of optimal

fluoroscopy. However, the Food and Drug Administration in the United

States had registered hypotension and deaths caused by PV due to a

reaction to the use of acrylic (PMMA) bone cement, especially when

multiple vertebral levels are treated in one session (30).

 Two patients with lasting pain after PV had their VCF successfully

re-treated several months later. Probably a too small amount of cement

(1.0 cc) was initially injected in the collapsed vertebral bodies of these

patients, because after additional cement injection their pain was

relieved. In selected cases, another study has also shown that repeat PV

at previously treated levels can result in therapeutic benefit (31). The

scores of the two patients in our series at the follow-up periods had no
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significant effect on the clinical outcome scores, because of our large

study population.

 Our study is the largest series of prospectively evaluated patients

with osteoporotic VCF with longitudinal short, mid and long term follow-

up after PV compared to the included patient populations from our

literature review. The number of initially included patients was highest in

the study by Do, but the number of actually evaluated patients up to six

months after PV was highest in our study (23). Chen evaluated 70

patients from the start of their study until one year after PV. Only five

patients were lost to follow-up (19). One of the weak points of the

studies by Diamond and Do is the large percentage of patients lost to

follow-up (15,23).

 Two prospective studies were not included in our summary of the

literature review of clinical outcome after PV. McGraw evaluated

prospective outcomes in 100 patients after PV, but assessed combined

outcomes of patients with osteoporotic VCF and patients with vertebral

tumors (32). Pitton evaluated only subjective pain improvement

percentage after PV in 58 patients and used no standardized scores

(33).

 The clinical outcome of PV has largely been evaluated in

retrospective studies with most times short term follow-up and without

the use of standardized scores or questionnaires. Most prospective

studies analyzed small patient groups, often without serial follow-up.

Only three studies, including the present study, assessed longitudinal

clinical outcome of PV in more than 50 patients with painful osteoporotic

VCF. Until a randomized clinical trial comparing outcome of PV with

optimal conservative treatment in comparable patient groups with

painful osteoporotic VCF is presented, validity of the PV effect on pain

caused by osteoporotic VCF depends on the results from prospective

studies with longitudinal follow-up in sizeable patient groups. Since
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randomized clinical studies seem hard to perform, more prospective

clinical studies with longitudinal follow-up of clinical outcome after PV in

large patients populations are needed.

Conclusion

 Percutaneous vertebroplasty of painful osteoporotic VCF provides

immediate and long lasting significant pain reduction in nearly all

treated patients.
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Abstract

Purpose:  To prospectively assess the short-term clinical outcome of patients with

subacute or chronic painful osteoporotic vertebral compression fractures (VCF) treated

with percutaneous vertebroplasty (PV) compared to optimal pain medication (OPM).

Methods:  Randomization of patients in two groups: treatment by PV or OPM. After

two weeks, patients from the OPM arm could change therapy to PV. Patients were

evaluated one day and two weeks after treatment. Visual Analog Score (VAS) for pain and

analgesic use were assessed before, and one day and two weeks after start treatment.

QUALEFFO and Roland Morris Disability (RMD) questionnaire scores were assessed before

and two weeks after start treatment. Follow-up scores in patients requesting PV treatment

after two weeks OPM treatment were compared to scores during their OPM period.

Results:  Eighteen patients treated with PV compared to 16 patients treated with

OPM had significantly better VAS and used less analgesics one day after treatment. Two

weeks after treatment the mean VAS was less, but not significantly different in patients

treated with OPM, whereas these patients used significant less analgesics and had better

QUALEFFO and RMD scores. Scores in the PV arm were influenced by occurrence of new

VCF in two patients. After two weeks OPM, 14 patients requested PV treatment. All scores,

one day and two weeks after PV, were significantly better compared to scores during

conservative treatment.

Conclusion:  Pain relief and improvement of mobility, function and stature after

percutaneous vertebroplasty is immediate and significantly better on short term compared

to optimal pain medication treatment.
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Introduction

 Percutaneous vertebroplasty (PV) consists of the percutaneous

injection of bone cement, usually polymethylmethacrylate (PMMA), in a

vertebral compression fracture (VCF). PV stabilizes the fractured

vertebral body and provides nearly immediate reduction or relief of pain

caused by the VCF. Initially patients with symptomatic primary or

secondary osteolytic vertebral tumors were treated with PV. Nowadays,

the main target population of PV is the patient group with painful,

therapy resistant osteoporotic VCF not responding to analgesics, rest,

bracing or other conservative therapies.

 Studies have shown that PV is effective and safe in patients with

painful osteoporotic VCF with a reported pain relief in more than 90% of

patients (1-5). Although this innovative treatment exists for over 20

years, no randomized comparative trial (RCT) has been performed to

assess the differences in clinical outcome between patients treated with

PV and those treated with the “golden standard”: optimal pain

medication (OPM).

 In this prospective RCT we assessed the short-term clinical

outcome in patients with painful osteoporotic VCF treated with PV

compared to patients treated with OPM.

Patients and Methods

Patients

 Between July 2003 and June 2005, all patients with painful

osteoporotic VCF refractive to medical therapy for at least six weeks and

no longer than six months, were approached to participate in the study.

After informed consent, patients were randomized in two groups. Three

hospitals took part in the study. All patients were discussed in a
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multidisciplinary team consisting of internists, orthopedic surgeons and

radiologists. The inclusion criteria were: (1) VCF with height loss of the

vertebral body (minimal 15%) on X-ray of the spine, (2) invalidating

back pain related to the VCF refractive to medical therapy for at least six

weeks and no longer than six months, (3) focal tenderness on physical

examination related to the level of the VCF, (4) bone density T-scores

less than -2.0, (5) bone marrow edema of the affected VCF on MRI scan

of the spine, and (6) patient age 50 years or older. The patient exclusion

criteria were: (1) poor cardio-pulmonary condition, (2) untreatable

coagulopathy, (3) ongoing systemic infection or local infection of the

spine (osteomyelitis, spondylodiscitis), (4) radicular and/or myelum

compression syndrome, (5) indication of other underlying disease than

osteoporosis and (6) no informed consent.

Study protocol

 The patients had had at least one day to consider their

involvement in the study before participating. After informed consent,

the patients were randomized in two groups by an independent central

operator. One arm consisted of patients to be treated by PV and the

other arm to be treated by OPM. The intention of the study was to follow

the patients from both groups for one year with MRI scans and

standardized questionnaires at serial intervals in time: one day, two

weeks, and three, six and twelve months after start of the study. The

patients randomized in the OPM arm, who were still suffering from

severe pain two weeks after initiating optimized analgesic treatment,

could undergo PV if they wanted to (“cross-over”). The OPM treatment

was optimized during follow-up by the internist and/or orthopedic

surgeon. Every patient could leave the study any moment without

explanation of their motivation. Institutional Review Board approval was

obtained in each participating hospital.
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 Our original study design was changed during our trial. Because

nearly all of the patients randomized in the OPM arm requested to be

treated by PV two weeks after start of OPM treatment, we stopped our

study early. Our interest was to compare the outcomes between both

treatment arms. Consequently, the follow-up data after the period of

two weeks from the start of treatment were not analyzed in this study.

The results from the patients who requested to subsequently undergo a

PV were analyzed during two weeks after PV to compare these results

with the results from the period during OPM treatment.

Preprocedural imaging protocol

 Upon the detection of a VCF on the X-rays of the spine, a total

spine MRI was performed on a 1.0 or 1.5 Tesla MRI scanner. The MRI

sequences consisted of sagittal T1 weighted (TR 400 ms, TE 13 ms), T2

Turbo Spin Echo (TSE) weighted (TR 3500 ms, TE 120 ms) and STIR (Short Tau

Inversion Recovery) images (TR 2500 ms, TE 70 ms) of the entire spinal column

and transverse T2 TSE weighted images (TR 2500 ms, TE 120 ms) at the

level of the VCF with bone marrow edema (BME). BME in the collapsed

vertebral body was defined as a decreased signal intensity on T1

weighted images and an increased signal intensity on STIR images

(6,7). The shape and grade of every treated VCF was scored by two

radiologists in consensus using the semi quantitative visual grading

scale of vertebral deformities according to Genant (8). The shape of VCF

was classified on the basis of the reduction in anterior height (wedged),

middle height (biconcave) and posterior height (crush). The grade of

VCF was classified as a percentage of the height reduction in mild (15-

25%), moderate (26-40%) and severe (>40%).

Study population

 Of approximately one in four potential study candidates, a total

of 46 patients consented initially to participate in the study. Despite
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informed consent, 12 patients refrained from the study shortly after

inclusion: six patients randomized for OPM actually wanted to be treated

by PV, two patients randomized for PV actually wanted to be treated by

conservative treatment, and four patients refused to fill out

questionnaires two weeks after their treatment. In the end, a total of 34

patients were enrolled in the study. Eighteen patients were randomized

to be treated by PV and 16 patients by OPM.

PV Procedure

 The patients were treated within one week after study inclusion.

PV was performed under local anesthesia on a biplane (n=2 hospital

departments) or monoplane (n=1 hospital department) angiographic

unit. In the majority of cases a bilateral transpedicular approach was

used. Under continuous fluoroscopy, polymethylmethacrylate (PMMA)

bone cement (Osteopal V; Biomet Merck, Ried b. Kerzers, Switzerland) was injected

manually using 1.0 cc syringes and 11 or 13 Gauge bone biopsy needles

(William Cook Europe, Bjaeverskov, Denmark). Immediately after the PV, a CT

scan with multiplanar reconstructions of the treated levels was

performed to assess the cement deposition and to identify possible extra

cementleakage or other local complications that might not have been

noted under fluoroscopy.

Pain medication protocol

 The pain medication was optimized according to the individual

need of patients. In ascending order of analgesia, the patients were

treated with paracetamol (acetaminophen), Non Steroid Anti

Inflammatory Drugs (NSAID) or opiate-derivatives. To optimize

analgesic use, at first the dose per day of prescribed analgesics was

regulated. Second, the class of pain medication was adjusted. According

to need, corrections were made on a daily basis by the internists.
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Clinical follow-up

 All 34 patients filled out pain questionnaires before and both one

day and two weeks after PV or after initiation of OPM. All questionnaires

consisted of a Visual Analogue Score (VAS) for back pain and recording

of analgesic use (9). VAS was indicated on a ten-point scale ranging

from 0 (no pain) to 10 (worst pain in the patient’s life). The prescribed

analgesic use was classified into (0) no medication, (1) use of

paracetamol (acetaminophen), (2) use of NSAID and (3) use of opiate-

derivatives.

 In addition to the scores of VAS and analgesic use, both before

and two weeks after starting the treatment two more extensive

standardized questionnaires were filled out: the Quality of Life

Questionnaire of the European Foundation for Osteoporosis (QUALEFFO)

and the Roland Morris Disability (RMD) questionnaire (10,11).

QUALEFFO is specifically developed for patients with osteoporosis and

vertebral fractures (10). QUALEFFO consists of 41 multiple choice

questions in the domains pain, physical function, social function, general

health perception and mental function. The RMD questionnaire measures

functional status in patients with (low) back pain (11).

Statistical analysis

 The data were analyzed according to intention to treat principle.

The differences in baseline characteristics in the patients from both

groups were compared using the Chi-square test for categorical

variables and the unpaired t-test for continuous variables.

 The following patient and imaging characteristics were compared

in the patients from both treatment arms: patient age, sex, interval of

pain related to VCF, number and spinal distribution of treated and pre-

existing VCF, shape and grade of treated VCF, percentage of height loss

of treated VCF, VAS for pain and analgesic use. In addition, QUALEFFO
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and RMD questionnaire scores were compared. The percentage height

loss of VCF was calculated by dividing the minimal vertebral height

through the dorsal wall height on lateral mid spinal MRI T1 weighted

image.

 The differences in VAS score, type of analgesics used, QUALEFFO

total and sub scores, and RMD score at the follow-up intervals between

patients from both groups were evaluated by linear regression analysis.

Regression coefficients were calculated with corresponding 95%

confidence limits (12). The changes in VAS at different points in time

were assessed by subtraction of scores at both follow-up intervals. The

differences in the type of analgesic use at every follow-up period were

quantified by defining analgesic use as an ordinal variable from 0 (no

analgesic use) to 3 (use of opiate-derivatives). The paired T-test was

used to compare the changes in VAS and the Wilcoxon paired sample

test to compare the changes in the use of type of analgesics.

 The changes in scores of QUALEFFO total scores were calculated

by subtraction of the scores at two weeks from initial scores. The

changes in RMD questionnaires at two weeks follow-up were calculated

by subtraction of the scores at two weeks from initial scores and divided

by initial score times 100 (percentage).

 All scores from the standardized questionnaires one day and two

weeks after PV in the patients who requested a PV treatment two weeks

after initiating OPM (“cross-over “arm) were compared to their scores

from the standardized questionnaires one day and two weeks during

their OPM period. The differences in scores in these patients were

compared by the paired T-test with corresponding 95% confidence

limits.
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Results

Clinical outcome treatment by PV versus pain medication

 Of the 34 included patients, 18 were randomized for PV and 16

patients for OPM. Characteristics of the patients before randomization

are summarized in Table 1. The randomization was successful: except

for the number and shape of the treated VCF, all patient characteristics

that influenced the outcome were equally distributed, including the sub

scores of QUALEFFO (Table 4).

 In patients who underwent PV, the mean amount of injected

cement in each vertebral body was 3.2 cc, median 3.0 cc and a range of

1.0 – 5.0 cc. One PV procedure related complication occurred in a

patient initially randomized in the OPM arm, but who requested to be

treated by PV after two weeks OPM treatment. An intrapedicular cement

spur that broke upon manipulation by the bone biopsy needle caused a

small cortical chip fracture at the medial border of the pedicle. No

neurological sequel evolved.

 One day after initiation of the treatment, the mean VAS and the

analgesic use differed significantly in both groups (Table 2). The mean

VAS scores compared to the scores before treatment decreased 2.3

points in the patients treated by PV and 0.5 point in the patients treated

by OPM. Analgesic use compared to pretreatment decreased nearly one

point in patients treated by PV and increased nearly one point in

patients treated with pain medication. One patient with the previously

described procedure related pedicle chip fracture showed an increase in

pain scores. The pain was relieved with the use of analgesics and by

local anesthetic infiltration of the involved pedicle.
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Table one:  Characteristics of the total group of patients and categorized by treatment arm:

percutaneous vertebroplasty (PV) and optimal pain medication (OPM), before

initiating therapy; p-value for differences in PV versus OPM.

Numbers are mean (range) or absolute number (percentage) if indicated by (%); VCF=vertebral compression fracture

VAS=visual analogue score; NSAID=non steroid anti-inflammatory drugs; QUALEFFO=Quality of Life Questionnaire of

the European Foundation for Osteoporosis; RMD=Roland Morris Disability questionnaire

total PV OPM p-value

number of patients 34 18 16 -

age in years 73 (55-88) 72 (59-84) 74 (55-88) 0.4

female sex (%) 28 (82) 14 (78) 14 (88) 0.5

duration of back pain 81 (46-141) 85 (47-138) 76( 46-141) 0.4

total number of preexisting VCF

- mean

108

3.2 (1-8)

59

3.3 (1-8)

48

3.1 (1-8)
0.5

distribution of preexisting VCF T5-L5 T5-L5 T5-L5 0.5

total number of treated VCF

- mean

49

1.4 (1-3)

28

1.6 (1-3)

21

1.2 (1-2)
0.04

distribution of treated VCF T6-L5 T6-L5 T6-L5 0.5

shape treated VCF (%)

- wedge

- biconcave

38 (78)

11 (22)

25 (89)

3 (11)

13 (62)

8 (38)

0.02

grade treated VCF (%)

- mild

- moderate

- severe

6 (12)

11 (22)

32 (65)

3 (11)

6 (21)

19 (68)

3 (14)

5 (24)

13 (62)

0.1

compression of treated VCF (%) 45 (15-72) 47 (23-72) 42 (15-68) 0.3

initial VAS for pain 7.3 (5-10) 7.1 (5-9) 7.6 (5-10) 0.3

initial pain medication (%)

- no

- paracetamol

- NSAID

- opiate-derivative

3 (9)

11 (32)

9 (27)

11 (32)

2 (11)

4 (22)

6 (33)

6 (33)

1 (6)

7 (44)

3 (19)

5 (31)

0.5

QUALEFFO 63 (37-86) 60 (37-86) 67 (38-86) 0.1

RMD 16.7 (8-24) 15.7 (8-22) 17.8 (9-24) 0.2

 Two weeks after the start of the treatment, the mean VAS scores

differed between both groups, but the difference was not significant

(Table 3). Compared to one day after the start of the treatment, the

mean VAS increased 0.2 points in the patients after PV and decreased

0.6 points in patients treated by OPM. The patients needed significantly

less pain medication compared to the situation prior to PV, but their

analgesic use did not decrease compared to one day after PV. Both

mean scores and changes in the scores of QUALEFFO and RMD
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questionnaires compared to the situation prior to the start of treatment

were significant (Table 3). The sub scores of QUALEFFO demonstrated

significant relief in pain and progress in function, mobility and stature

(Table 4). However, the sub scores of social, quality of life and

emotional functioning were comparable with the levels prior to

treatment in both groups. The RMD scores showed a clear improvement

in the functional status of the patients after PV and a slight worsening in

the patients from the OPM arm.

 Two patients treated by PV with initial improved pain scores one

day after PV, had maximal pain scores two weeks after PV. Both patients

indicated pain at a vertebral level adjacent to the treated levels. The

spine X-rays and subsequent MRI scans showed a new VCF in adjacent

vertebral bodies. After several weeks of conservative treatment, these

new VCF were treated by PV with subsequent improvement of pain

during follow-up. The mean VAS score in 16 patients after PV with

elimination of scores from the two patients with new VCF is 4.4 (range

0-8) with a decrease of 2.9 compared to VAS prior to PV. Comparing the

mean VAS in these patients with the 16 patients in the OPM arm showed

a significant difference (95% CI difference -3.6 – -0.5).

Table two:  Mean visual analog score (VAS) for pain and analgesic use scores before start of

treatment and at one day after start of the treatment and the mean changes in

both scores in 18 patients treated by percutaneous vertebroplasty (PV) and 16 patients treated by

optimal pain medication (OPM); p-value and 95% confidence interval (CI) of the differences between patients after

PV and patients treated by OPM. Values between parentheses indicate the range.

PV

(n=18)

OPM

(n=16)

difference

PV – OPM
95% CI difference

Initial scores

  VAS for pain 7.1 (5-9) 7.6 (5-10)

  Analgesic use 1.9 (0-3) 1.7 (0-3)

Scores after one day

  VAS for pain 4.7 (1-8) 7.1 (5-10) - 2.4 -3.7  -1.0

  change - 2.3 - 0.5 - 1.8 -2.9  -0.8

  Analgesic use 1.1 (0-3) 2.5 (1-3) - 1.4 -2.1  -0.8

  change - 0.8 + 0.8 - 1.6 -2.3  -0.8
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Table three: Mean visual analog score (VAS) for pain and analgesic use scores at two weeks

after initiation of treatment and the mean changes in scores compared to initial

scores and scores one day after treatment in 18 patients treated by percutaneous vertebroplasty (PV)

and 16 patients treated by optimal pain medication (OPM). In addition, mean scores and mean changes

in scores of Quality of Life Questionnaire of the European Foundation for Osteoporosis (QUALEFFO) and

Roland Morris Disability (RMD) questionnaires, compared to the initial scores. P-value and 95% confidence

interval (CI) of the differences between patients after PV and patients treated by pain medication. Values between

parentheses indicate the range.

PV

(n=18)

OPM

(n=16)

difference

PV – OPM
95% CI difference

Initial scores

  VAS for pain 7.1 (5-9) 7.6 (5-10)

  Analgesic use 1.9 (0-3) 1.7 (0-3)

  QUALEFFO 60 (37-86) 67 (38-86)

  RMD 15.7 (8-22) 17.8 (9-24)

Scores after two weeks

  VAS for pain 4.9 (0-10) 6.4 (3-9) - 1.5 -3.2 – 0.2

  change compared to initial score - 2.1 - 1.1 - 1.0 -0.5 – 2.5

  change compared to one day + 0.2 - 0.6 + 0.8 -2.4 – 0.7

  Analgesic use 1.2 (0-3) 2.6 (2-3) - 1.4 -2.0  - 0.8

  change compared to initial score - 0.7 + 0.9 - 1.5 -2.3  -0.8

  change compared to one day - 0.2 - 0.1 - 0.1 -0.4 – 0.5

  QUALEFFO 53 (28-79) 67 (40-88) - 14 -24.7  -3.4

  change - 6.8 - 0.7 - 6.1 -10.7  -1.6

  RMD 13 (3-22) 18 (9-23) - 5 -8.4  -1.2

  change RMD (%) + 19 - 2 + 21 0.07  0.35

Clinical outcome cross-over from pain medication to PV

 Fourteen (88%) of the 16 patients in the OPM arm requested to

be treated by PV, two weeks after initiation of OPM. The scores of these

patients one day and two weeks after PV were compared to the scores

during their OPM study period. Figure 1 illustrates the outcomes of the

randomization scheme.
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Figure one: Randomization scheme of the VERTOS study in 34 patients randomized in either

the percutaneous vertebroplasty (PV) treatment arm (n=18 patients) or the

optimal pain medication (OPM) treatment arm (n=16 patients). After two weeks of treatment, 14

patients treated by OPM requested to be treated by PV and two patients continued their pain

medication treatment.

Table four: Mean scores of the subgroups of the Quality of Life Questionnaire of the European

Foundation for Osteoporosis (QUALEFFO) before and two weeks after therapy in 18

patients treated by percutaneous vertebroplasty (PV) and 16 patients treated by optimal pain

medication (OPM); absolute differences and 95% confidence interval (CI) of the differences between patients after PV

and patients treated by OPM.

PV

(n=18)

OPM

(n=16)

difference

PV – OPM
95% CI difference

Initial scores

QUALEFFO

pain 19 21 - 2 -3.6 – 0.4

  function 10 12 - 2 -5.3 – 0.6

  mobility 18 20 - 2 -5.9 – 1.4

  stature 23 27 - 4 -9.6 – 1.5

  social 26 27 - 1 -4.7 – 2.9

quality of life 11 12 - 1 -2.3 – 0.9

  emotion 31 33 - 2 -4.0 – 0.6

2 weeks after therapy

QUALEFFO

pain 14 20 - 6 -8.5  -2.5

  function 8 13 - 5 -7.5  -2.0

  mobility 16 20 - 4 -8.3  -0.3

  stature 21 27 - 6 -11.8  -1.0

  social 25 26 - 1 -4.6 – 3.5

quality of life 11 12 - 1 -2.9 – 0.3

  emotion 31 32 - 1 -3.2 – 1.2
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 One day after PV, the mean VAS and analgesic use were

significantly better compared to one day after the start of  OPM (Table

5). Two weeks after PV, the mean VAS, analgesic use, QUALEFFO and

RMD questionnaire scores showed significant improvement (Table 5).

The sub scores of QUALEFFO demonstrated significant relief in pain and

progress in function, mobility, stature and social functioning. Quality of

life and emotional status were almost comparable to the scores two

weeks after optimizing pain medication.

 One patient indicated worsening of pain immediately after PV

(maximal VAS). This patient had the previously described pedicle chip

fracture and was treated conservatively. Two weeks after PV the VAS

decreased to five.

Table five: Mean scores in 14 patients randomized for optimal pain medication (OPM) who

requested crossover to treatment by percutaneous vertebroplasty (PV) two weeks after start of the

study. Initial scores both one day and two weeks during OPM and the scores after treatment by PV;

absolute difference and 95% confidence interval (CI) of the differences before and after cross-over to PV. Values

between parentheses indicate the range. VAS=visual analog score for pain; QUALEFFO=Quality of Life Questionnaire of

the European Foundation for Osteoporosis; RMD=Roland Morris Disability questionnaire

OPM

treatment

(n=14)

after cross-

over to PV

(n=14)

difference

OPM – PV
95% CI difference

one day

   VAS for pain 7.4 (5-10) 3.9 (0-10) - 3.5 -4.8  -2.1

   Analgesic use 2.5 (1-3) 0.9 (0-3) - 1.6 -2.4  -0.9

two weeks

   VAS for pain 6.8 (4-9) 3.3 (0-7) - 3.5 -4.9  -2.1

   Analgesic use 2.6 (2-3) 0.9 (0-3) - 1.7 -2.5  -1.0

   QUALEFFO 67 53 14 8.5  19

   RMD 18 11 7 2.4  11.4

   QUALEFFO subsections:

pain 20 13 - 7 -10.6  -2.6

     function 13 9 - 4 -5.6  -2.5

     mobility 20 16 - 4 -6.7  -1.6

     stature 27 22 - 5 -8.3  -1.6

     social 26 25 - 1 -3.1  -0.1

quality of life 12 11 - 1 -2.1 – 0.1

     emotion 32 31 - 1 -2.3 – 0.2
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Discussion

 One day and two weeks after initiating the treatment, the pain

relief was significantly better in the patients treated by PV compared to

the patients treated by OPM. Two weeks after initiating treatment, the

differences were less significant, but this was caused by the occurrence

of new VCF in adjacent vertebral bodies in two patients treated by PV.

The progress in mobility, function and stature of the patients after PV

was significant compared to OPM treatment. The outcomes of quality of

life, social and emotional status were comparable in both treatment

arms. Fourteen of 16 patients randomized in the OPM arm requested to

be treated by PV two weeks after starting OPM. The pain outcome scores

one day and two weeks after PV treatment were better compared to the

short term results after OPM.

 One day after treatment decrease in VAS in the patients treated

with PV was largest, while VAS after two weeks was almost comparable

to one day VAS. Consequently, the effect on pain caused by the VCF is

immediate after PV. One day and two weeks after treatment a gradual

decrease in VAS is observed in the patients treated by OPM. Next to less

impact on back pain, the pain medication seems to have a more slow

effect on pain relief compared to the instant response after PV.

 Shortly after treatment, the only comparable outcomes in both

study groups were quality of life and social as well as emotion status

(subsections of QUALEFFO). Moreover, the scores after treatment were

in nearly all cases equal to the scores before treatment. Apparently,

pain and physical impairment of painful osteoporotic VCF have not that

much influence on mental status of patients short term after PV.

 In studies with small populations the results can be influenced by

one or two extreme measurements. The present study showed that the

pain scores of two patients who developed new VCF within two weeks
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after PV influenced the pain scores such that exclusion of the scores

from these patients resulted in significant improved VAS scores after PV

compared to patients treated by OPM. The occurrence of new VCF is a

well known phenomenon in patients with osteoporosis, both after PV as

well as in patients treated conservatively. New VCF are observed in

about a quarter of patients within the first year after the initial VCF (13).

Within three months after PV most new VCF occur in the vertebral

bodies adjacent to treated levels (13).

 The present management of patients with pain and functional

impairment of osteoporotic VCF consists of conservative therapy:

analgesics, (bed) rest and in some cases bracing. However, these

palliative treatments are not directed towards the cause of complaints:

the VCF. To the contrary, the aim of PV is immediate alleviation of the

pain and improvement of the disability through cement stabilization of

the VCF. Since the first PV treatment of an aggressive cervical vertebral

body haemangioma by Gilbert and Deramond in 1984 and the first

published case of PV in an osteoporotic VCF in 1989 by Lapras and

Dusquenel, numerous clinical studies have been performed (14,15). In a

recent literature review on clinical studies in patients with osteoporotic

VCF treated by PV, we found that these studies indicated that PV is a

safe minimal invasive treatment of painful osteoporotic VCF with

immediate and long-lasting good clinical outcome (3). However, the

majority of these studies were retrospectively conducted and nearly all

had one or more methodological shortcomings (3). Most studies included

small patient groups. Often there was lack of data on exclusion criteria,

severity of fractures, duration of pain, and duration and type of the

preprocedural therapy. Only few studies assessed the clinical outcome

making use of standardized pain, functional status or quality of life

questionnaires. No prospective randomized intervention study was

published. The present study is to our knowledge the first randomized



97

prospective comparative clinical trial in patients with painful osteoporotic

VCF comparing PV to the present ‘golden standard’ therapy: pain

medication.

 Up until now, common practice in most centers is to treat

patients with osteoporotic VCF conservatively for at least six to eight

weeks after initial VCF, because most osteoporotic VCF heal within this

period with subsequent pain relief (16,17). As a consequence, potential

candidates for our study were already treated with various conservative

therapies, including (bed) rest, bracing and analgesics. Most of these

patients were referred to one of our hospitals to be treated by PV,

because conservative treatment failed. The mean duration of back pain

from the VCF in our patient population was nearly three months. These

patients were not motivated to participate in our study and wanted to be

treated with an alternative therapy. During almost two years of

inclusion, 46 patients consented to participate, but in the end only 34

could be included in the study. Twelve patients who initially consented

to take part, left the study in an early phase because they refused to fill

out the extensive questionnaires or to be followed so intensively. The

patients who did consent to participate in the study and were

randomized in the OPM arm were probably prejudiced against continued

medical therapy, albeit the individual optimization, since most had been

treated for an average of three months without success. This explains

the high number of cross-over to PV after two weeks of OPM.

 Another limitation of our study was the short term follow-up to

compare patients in both randomization arms. The initial objective was

to follow the patients for one year. We incorporated in the study the

possibility to undergo PV for those patients who did not benefit from two

weeks of OPM. The cross-over possibility to PV was never encouraged by

the physicians, but was in all cases by request from the patients.
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Despite some improvement of pain relief during two weeks of OPM, only

two patients continued their OPM treatment.

 Further research is needed with larger groups of patients and

longer follow-up. In order to enroll more patients in a RCT, these

patients have to be included in an early stage after initial fracture of the

vertebral body. This way, possible randomization to conservative

treatment will be more readily accepted as treatment by participants. To

have less influence on the clinical outcome by patients in whom natural

VCF healing takes place within six to eight weeks, such a study need to

be performed in a larger population. Even more important, there must

be no acceptance of a “cross-over” from one study arm to the other in a

future prospective RCT. To evaluate the effect of the injected cement on

pain and to exclude the influence of other factors such as a placebo

effect or local anesthetic effect, another RCT could be a sham trial, in

which the one arm has a cementation after percutaneous needle

placement and in the other arm no cement is injected. For the time

being, PV should be reserved for carefully selected patients in whom

conservative therapy has not been effective to treat their pain.

Conclusion

 The pain relief and improvement of mobility, function and stature

after percutaneous vertebroplasty is immediate and significantly better

on short term compared to optimal pain medication treatment.
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Abstract

Purpose:  Presence of bone marrow edema (BME) in osteoporotic vertebral

compression fractures (VCF) detected by MRI as selection criterion for percutaneous

vertebroplasty (PV) is speculative. To clarify significance of BME in VCF, we assessed pain

response after PV in patients with VCF with full BME versus patients with VCF with absent

BME.

Methods:  From a cohort of patients with painful VCF selected for PV, pain response

in 14 patients with absent BME in VCF was prospectively compared with pain response in

31 patients with full BME in VCF. Pain was evaluated before PV and at 1 and 3 months

after PV with visual analogue scores and analgesics used. Back pain in general and at

treated vertebral levels was assessed.

Results:  Pain decrease after PV at treated levels was observed in 10 (71%)

patients with absent BME in VCF at both follow-up periods and in 29 (94%) patients with

full BME one month after PV and 30 (97%) at three months follow-up. Differences between

both groups were significant (p=0.04 at 1 month; p=0.01 at 3 months). Pain response

was not affected by other patient or imaging characteristics. General back pain after PV

was comparable in both groups after PV (p=0.08 at 1 month; p=0.4 at 3 months).

Conclusion:  Pain decrease after PV in patients with VCF is more frequently observed

when full BME is present. Since 71% of patients with VCF with absent BME responded

favorably on pain, PV should not be withheld based on absence of BME alone.
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Introduction

 The role of imaging procedures prior to percutaneous

vertebroplasty (PV) in patients with symptomatic osteoporotic vertebral

compression fractures (VCF) remains largely speculative. In patients

with multiple VCF or in patients with discrepancy in location of pain and

level of VCF, Magnetic Resonance Imaging (MRI) can be helpful in

selecting the symptomatic VCF. MRI is sensitive for the detection of

bone marrow edema (BME) in VCF (1-4). Presence of BME in VCF is

associated with (sub)acute fractures (1-4). Some investigators have

suggested that presence of BME in VCF is predictive of a favorable

response to PV (1,5,6). Most VCF demonstrate no BME on MRI and are

not considered for PV, unless back pain in patients is invalidating and

can be related to collapsed vertebral bodies on fluoroscopically guided

examination. The relation between preprocedural BME in painful VCF

with pain response after PV has not been evaluated prospectively.

 In the present study we investigated the relation between BME

and pain response after PV. As we expected maximum differences to be

found between patients with absent BME and full BME, patients with

partial BME were excluded. From a cohort of 127 patients with painful

VCF selected for PV, we prospectively included 31 patients with full BME

in VCF on preprocedural MRI and 14 patients with absent BME in VCF.

Relief of pain in the first trimester after PV was compared in both

groups.

Patients and Methods

Patients

 Between March 2002 and March 2005, 127 consecutive patients

underwent PV of painful osteoporotic VCF in our hospital. All patients
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were discussed in a multidisciplinary team consisting of endocrinologists,

orthopedic surgeons and radiologists. The inclusion criteria for VCF to be

treated by PV were: (1) VCF with height loss of the vertebral body, (2)

invalidating back pain refractive to medical therapy for at least six

weeks and related to the VCF, (3) focal tenderness on fluoroscopy

guided physical examination related to the level of the VCF and (4) bone

density T-scores less than -2.0 and no indication of underlying disease.

Preprocedural imaging protocol

 Preprocedural imaging consisted of anteroposterior and lateral x-

ray examinations of the spine. When PV was considered, total spine MRI

was performed on a 1.0 or 1.5 Tesla MRI scanner. MRI sequences

consisted of sagittal T1 weighted (TR 400 ms, TE 13 ms), T2 Turbo Spin Echo

(TSE) weighted (TR 3500 ms, TE 120 ms) and STIR (Short Tau Inversion

Recovery) images (TR 2500 ms, TE 70 ms) and transverse T2 TSE weighted

images (TR 2500 ms, TE 120 ms) at the level of VCF with BME. All MR

sequences had 512 matrices. Slice thickness was 4 mm slices. Field of

view in sagittal plane images was 350 mm and in transverse images 225

mm. BME in the collapsed vertebral body was defined as decreased

signal intensity on T1 weighted images and increased signal intensity on

STIR images (1). BME extent was assessed as a percentage of volume

of the collapsed vertebral body and classified into absent (0%), partial

(5-95%) and full (100%) (Figures 1–4). Shape and grade of every

treated VCF was scored by two radiologists in consensus using the semi

quantitative visual grading scale of vertebral deformities according to

Genant (7). Shape of VCF was classified on the basis of reduction in

anterior height (wedged), middle height (biconcave) and posterior

height (crush). Grade of VCF was classified as a percentage of height

reduction in mild (15-25%), moderate (26-40%) and severe (>40%).
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Figure one: Lateral STIR and T1 weighted MR images of various osteoporotic vertebral

compression fractures with absent, partial and full bone marrow edema (BME)

before percutaneous vertebroplasty (PV) and lateral X-ray images after PV.

Figure two: Osteoporotic vertebral compression fracture of L2 with absent bone marrow edema

(BME) treated by percutaneous vertebroplasty (PV). Lateral STIR and T1 weighted

MR images of the lumbar spine before and after PV. In the middle, lateral and anteroposterior X-ray

images after PV.
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Figure three: Osteoporotic vertebral compression fractures of L1 and L3 with partial bone marrow

edema (BME) treated by percutaneous vertebroplasty (PV). Lateral STIR and T1

weighted MR images of the lumbar spine before and after PV. In the middle, lateral and anteroposterior

X-ray images after PV.

Figure four: Osteoporotic vertebral compression fracture of L1 with full bone marrow edema

(BME) treated by percutaneous vertebroplasty (PV). Lateral STIR and T1 weighted

MR images of the lumbar spine before and after PV. In the middle, lateral and anteroposterior X-ray

images after PV.
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Study population

 Of 127 consecutive patients selected for PV, 45 were

prospectively included in this study: 14 patients had absent BME in

treated VCF (group I) and 31 patients had full BME in treated VCF

(group II). The 14 patients with absent BME were treated with PV

because focal tenderness related to the level of the VCF was present on

physical examination and no other underlying spinal cause for their pain

was evident. Before the procedure, Institutional Review Board approval

and patient informed consent were obtained.

Procedure

 PV was performed under local anesthesia on a biplane

angiographic unit (Integris BN 3000 Neuro, Philips Medical Systems, Best, The

Netherlands). In the majority of cases a bilateral transpedicular approach

was used and in one case a unilateral transpedicular approach. Under

continuous fluoroscopy polymethylmethacrylate (PMMA) bone cement

was injected manually using 1.0 cc syringes and 11 or 13 Gauge bone

biopsy needles (William Cook Europe, Bjaeverskov, Denmark). Until June 2003,

Simplex-P (Howmedica, Limmerick, Ireland; n=3) and Palacos LV-40 (Schering-

Plough Europe, Brussels, Belgium; n=11) PMMA bone cements were used, to

which 6.0 grams of sterile barium sulphate was added for radio-opacity.

Later on, custom-made Osteopal V (Biomet Merck, Ried b. Kerzers, Switzerland;

n=16) and Osteo-Firm (William Cook Europe, Bjaeverskov, Denmark; n=30) were

utilized. The amount of injected cement in each vertebral body was

noted. Immediately after PV, a CT scan with multiplanar reconstructions

of treated levels was made to assess cement deposition and to identify

possible extra cementleakage or other local complications that might not

have been noted under fluoroscopy.
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Clinical follow-up

 All 45 patients filled out pain questionnaires before and at one

and three months after PV. Pain questionnaires consisted of a Visual

Analogue Score (VAS) for back pain and recording of analgesic use. VAS

was indicated on a ten-point scale ranging from 0 (no pain) to 10 (worst

pain in the patient’s life) (8). Prescribed analgesic use was classified into

(0) no medication, (1) use of paracetamol (acetaminophen), (2) use of

Non Steroid Anti Inflammatory Drugs (NSAID) and (3) use of opiate-

derivatives. In addition, at follow-up after PV patients were asked

whether pain was located at the treated level or at another level. Three

months after PV, MRI was performed to evaluate presence of new VCF

at other levels or other spinal pathology at another level. Follow-up MRI

consisted of sagittal T1 weighted and STIR images and transverse T2

TSE weighted images at the level of new VCF or other spinal pathology if

present.

Statistical analysis

 Characteristics in both groups were compared to evaluate

possible other differences besides BME extent in treated VCF that could

have influenced pain evolution after PV with Chi-square (categorical

variables) or unpaired t-test (continuous variables). Changes in VAS at

different points in time were assessed by subtraction of scores at both

follow-up intervals. Differences in type of analgesic use at every follow-

up period were quantified by defining analgesic use as an ordinal

variable from 0 (no analgesic use) to 3 (use of opiate-derivatives).

Paired T-test was used to compare changes in VAS and Wilcoxon paired

sample test to compare type of analgesics used before and after PV.

Differences in VAS score and type of analgesics used at follow-up

intervals between patients from both groups were evaluated by linear

regression analysis. Regression coefficients for patients with VCF with
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absent BME versus full BME were calculated with corresponding 95%

confidence limits (9).  Differences in characteristics (see above) in

patients with unchanged pain and in patients with relief of pain at

treated levels after PV were tested with Chi-square (categorical

variables) or unpaired t-test (continuous variables).

Table I: Characteristics of patients with absent bone marrow edema (no BME) (0%) in

treated osteoporotic vertebral compression fractures (VCF) (group I) and patients

with full BME (full BME) (100%) in treated VCF (group II) prior to percutaneous vertebroplasty (PV);

p-value for differences in both groups; VAS = visual analogue score; NSAID = non steroid anti-inflammatory drugs

group I

no BME

group II

full BME
p-value

total number of study patients 14 31 -

mean age in years (range)

- Median

71 (47-88)

69

75 (51-88)

70

0.5

women (%) 12 (86) 27 (87) 0.9

number of VCF treated by PV 22 38 0.01

patients with multiple treated VCF (%) 7 (50) 7 (23) 0.1

mean age treated VCF (months)(range)

- median

8.3 (3-36)

5.5

4.7 (2-24)

3.0

0.07

extent bone marrow edema in treated VCF

- absent (0%)

- full (100%)

22

-

-

38

-

shape treated VCF

- wedge (%)

- biconcave (%)

- crush (%)

17 (77)

5 (23)

-

28 (74)

9 (24)

1 (2)

0.7

grade treated VCF

- mild (%)

- moderate (%)

- severe (%)

14 (64)

8 (36)

-

8 (21)

14 (37)

16 (42)

<0.01

mean injected cement volume (cc)(range)

- median

3.5 (1.2-5.5)

4.0

2.7 (1.0-4.5)

2.5

<0.01

mean initial VAS (range)

- median

8.6 (7-10)

8.0

8.6 (6-10)

9.0

0.9

initial analgesic use:

- no (%)

- paracetamol  (%)

- NSAID (%)

- opiate-derivative (%)

14

14

29

43

0

16

29

55

0.2
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Results

Preprocedural patient and imaging characteristics

 Characteristics in patients with absent BME (group I) and with

full BME (group II) in VCF are summarized in Table I. The majority of

patients were elderly women with wedged osteoporotic VCF of six

months old. Most patients indicated high VAS pain scores and used

strong analgesics. Besides the extent of BME in treated VCF, patients in

group II had on average more severe graded VCF treated by PV and had

nearly one cc less cement injected per VCF. All other characteristics

were comparable in the two groups. Vertebral levels treated by PV

ranged from Th7 through L5.

Postprocedural clinical outcome

 No technical failures or procedural morbidity occurred. During

follow-up pain and use of analgesics was significantly less compared to

scores prior to treatment in both groups (p<0.001) (Figures 5 and 6).

Mean change in VAS for pain after PV was not different in both groups at

both follow-up periods. Patients with full BME in treated VCF used less

analgesics one month after PV. At three months after PV analgesic use

was comparable in both groups. Table II shows decrease in mean VAS

and analgesics used during follow-up in both groups.

 At both follow-up intervals, 10 patients (71%) with absent BME

in treated VCF indicated no pain at treated levels or considerable less

pain. Twenty-nine (94%) and 30 patients (97%) with full BME in treated

VCF had good clinical response of treated levels at one and three

months follow-up respectively. Next to unchanged pain at treated levels

despite PV treatment, some patients from both groups indicated back

pain at other untreated levels. Five patients (11%), all with full BME in

treated VCF, developed new VCF in untreated vertebral bodies. Of these
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Figure five:  Visual analogue score (VAS) for pain both pre procedure (0 months) and at follow-

up periods after percutaneous vertebroplasty (PV) in patients with absent bone

marrow edema (no BME) in treated vertebral compression fractures and patients with full BME in

treated VCF.

Figure six:   Analgesic use both pre procedure (0 months) and at follow-up periods after

percutaneous vertebroplasty (PV) in patients with absent bone marrow edema (no

BME) in treated vertebral compression fractures (VCF) and patients with full BME in treated VCF.

NSAID= non steroid anti inflammatory drug
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five patients, one (2%) had invalidating pain; the others indicated no

new pain symptoms from their new VCF. One patient with absent BME

and six patients with full BME in treated VCF had pain at untreated

levels with a normal MRI at painful levels. Table III demonstrates pain

outcome scores at follow-up after PV in both groups. Patients with full

BME in treated VCF had significantly better relief of pain on the treated

level than patients with absent BME. No difference in back pain in

general after PV was found in both groups.

 Apart from BME in treated VCF prior to PV, basic characteristics

in patients with unchanged pain after PV (n=6 at one month and n=5 at

three months follow-up) did not differ from patients with relief of pain.

In the group of patients with absent BME in treated VCF prior to PV,

characteristics between patients with unchanged pain after PV (n=4)

and patients with relief of pain (n=10) were comparable.

Table II: Decrease in mean Visual Analogue Score (VAS) for pain and analgesics used at one

and three months after percutaneous vertebroplasty (PV) in patients with vertebral

compression fractures (VCF) with absent bone marrow edema (no BME) prior to PV and patients with

full BME (full BME) in treated VCF; regression coefficient and 95% confidence interval for differences in both

groups.

follow-up period after

PV
1 month 3 months

mean decrease VAS
mean decrease

analgesics
mean decrease VAS

mean decrease

analgesics

no BME 5.1 43% 0.4 0%

full BME 5.8 84% 0.5 13%

regression coefficient 0.7 0.9 0.09 0.07

95% confidence

interval
-1 – 2.4 0.1 – 1.7 -0.7 – 0.9 -0.4 – 0.5
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Table III: Pain response at both follow-up intervals after percutaneous

vertebroplasty (PV) in patients with absent bone marrow edema (no BME) in

treated vertebral compression fractures (VCF) prior to PV and patients with full BME (full BME) in

treated VCF prior to PV; p-value for differences in both groups.

follow-up period

after PV
1 month 3 months

no BME full BME p-value no BME full BME p-value

pain unchanged at treated

level
4 (29%) 2 (6%) 0.04 4 (29%) 1 (3%) 0.01

symptomatic new VCF - - - 0 1 (3%) 0.5

pain at untreated other

level with no diagnostic

substrate

1 (7%) 2 (6%) 0.9 1 (7%) 6 (19%) 0.3

pain decrease at treated

level(s)
10 (71%) 29 (94%) 0.04 10 (71%) 30 (97%) 0.01

back pain decrease in

general
9  (64%) 27 (87%) 0.08 9 (64%) 23 (74%) 0.4

Discussion

 We found a favorable response on pain in vertebral compression

fractures treated with percutaneous vertebroplasty in 94-97% of

patients with full bone marrow edema (BME) and in 74% of patients

with absent BME. These results indicate that presence of BME in VCF is a

strong predictor of favorable response on pain relief after PV and on the

other hand that PV in patients with absent BME should not be withheld

based on absence of BME alone. Pain response after PV was independent

on other patient or imaging characteristics. Relief of back pain in general

after PV treatment was comparable in patients with full and absent BME.

 In the preprocedural work-up of symptomatic VCF considered for

PV, MRI has additional diagnostic value in evaluation of soft tissue,

musculoskeletal and myelum or nerve root compromise. Moreover, the

most significant aspect of MRI is its sensitivity to show presence,

location and extent of BME in collapsed osteoporotic vertebral bodies.
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Supposedly, characteristic changes in marrow signal in VCF indicate age

and healing stage of VCF (1-4). In general, fractures less than 30 days

old are hypointense on T1-weighted images and hyperintense on T2-

weighted and STIR sequences. Approximately one month after vertebral

collapse, the majority of osteoporotic VCF become isointense to normal

bone marrow on T1- and T2-weighted sequences. Fully healed VCF

demonstrate either return to normal marrow signal or, in the presence

of sclerosis, may appear hypointense on T1- and T2-weighted

sequences. Based on these observations, VCF with BME are considered

(sub)acute and are considered candidates for PV with favorable

response to pain (1,5,6). On the other hand, VCF without BME are

considered chronic or healed and therefore not good candidates for PV.

 Early PV of subacute VCF with presence of BME on MRI has given

excellent clinical results regarding pain (10-12). In earlier years of PV,

chronic symptomatic osteoporotic VCF have not been treated, because

of poorer clinical outcomes in individual cases. However, recent studies

have demonstrated good clinical outcomes in patients with chronic VCF,

even though not as excellent as in patients with acute VCF (13,14). A

recent study in chronic VCF more than one year of age without BME on

MRI demonstrated clinical benefit from PV in 80% of individuals (5).

Patients with absent BME in treated VCF in our prospective study also

showed substantial relief of pain in 71%. Equally important, in all

studies clinical symptoms of patients did not worsen after PV. Therefore,

absence of BME in symptomatic VCF with pain related to the collapsed

level on fluoroscopically guided imaging, is no absolute contraindication

for successful clinical outcome after PV, but the chance of a good

outcome after PV is less likely. In our small patient group with absent

BME in VCF we found no difference in characteristics in patients with

pain relief and unchanged pain after PV. Characteristics of patients with

symptomatic VCF with absent BME need to be evaluated in large series
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to select more properly patients with VCF with absent BME that would

benefit from PV.

 The aim of our study was to compare differences in pain

response after treatment by PV of patients with absent or full BME in

treated VCF, not to assess trends of pain response after PV depending

on percentage of BME in treated VCF. In order to evaluate maximum

differences in patient groups with painful VCF selected for PV on

preprocedural MRI, we have selected on purpose patients with 0% BME

and 100% BME and excluded patients with partial BME (5-95%). Since

significant difference in pain response is found in patients with full and

absent BME, it would be of further interest to investigate trends in pain

response of patients with painful VCF with various percentages of BME

ranging from absent to full BME.

 In our study both patients with full and absent BME in treated

VCF had fractures with a median age of less than 6 months old and no

significant difference between both groups existed. In all patients

treated VCF still caused severe pain, although the period of one to three

months after fracture was already passed. In contradiction to previous

mentioned studies on marrow changes from acute to chronic phase of

osteoporotic VCF, we observed full BME in VCF in up to two years after

initial fracture age. Additionally, absence of BME in VCF was not always

associated with absence of pain symptoms at the fractured level.

Observations from previous studies need to be re-examined in larger

populations with lasting invalidating pain from osteoporotic VCF to

determine the moment of bone marrow signal change to normal.

Besides, it would be interesting to examine relation between change of

BME to normal and relief of pain symptoms in the natural history of

osteoporotic VCF.

 Effect of pain response after PV is within the first day after

treatment and remains constant thereafter. Follow-up period after PV
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chosen in our study was accordingly three months. Measurement of pain

relief after PV was not evaluated with standardized back pain

questionnaires. However, we believe differences in pre- and

postprocedural VAS for pain and use of analgesics is indicative of pain

outcomes after PV. Especially changes in VAS for pain at painful treated

vertebral levels gives accurate pain assessment compared to more

general back pain questionnaires, in our opinion. This is illustrated by

comparable outcomes in general back pain after PV in patients from

both groups in our study. Commonly, elderly patients with osteoporotic

VCF have pain symptoms not only caused by the VCF, but also

musculoskeletal back pain due to degenerative disease and stature

changes.

 As a guideline for clinical practice we propose that patients with

absent BME in painful VCF on MRI, but with local back pain upon

fluoroscopy guided manual palpation at the level of the vertebral

compression fracture, should be informed about the reasonable chance

of unaffected pain symptoms after PV treatment. Since a substantial

number of patients with absence of BME in VCF do have benefit from the

procedure, PV can be performed in selected cases with positively

motivated and well informed patients.

 Our study is in concordance with the observation that PV in VCF

with presence of (severe) BME gives pain relief, irrespective of age of

VCF. Except for extent of preprocedural BME in VCF on MRI, no other

characteristic was associated with pain outcome. Physical examination

and in particular fluoroscopic guided manual palpation, may help to

select the symptomatic vertebral level, but is not always conclusive. The

role of MRI required prior to PV is important and no longer empiric in

patient selection.
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Conclusion

 Decrease of pain after PV in patients with VCF is more frequently

observed when BME is fully present. Since 71% of patients with VCF

with absent BME responded favorably in regards to pain relief, PV should

not be withheld based on absence of BME alone.
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Abstract

Purpose:  Little is known about the evolution of bone marrow edema (BME)

in osteoporotic vertebral compression fractures (VCF) after percutaneous vertebroplasty

(PV), nor about its relation with relief of pain. In this study we prospectively assessed

changes in BME with MRI at three, six and 12 months following PV and related changes in

BME with pain evolution and analgesic use over time.

Methods:  BME percentage was assessed in 64 patients after PV of 89 VCF with

serial MRI follow-up at three, six and 12 months. Pain was assessed before PV and at

every follow-up interval by a visual analogue score for pain and type of analgesic used.

Relation between changes in BME and pain evolution was assessed in a subgroup of 31

patients with one single treated VCF and neither new VCF at follow-up nor pain at another

untreated level.

Results:  BME gradually decreased over time. At one year after PV, 29% of treated

VCF still demonstrated BME. Once BME disappeared, it did not return. Pain relief was most

striking the first three months after PV and remained constant thereafter. There was no

relation between relief of pain and extent, presence or absence of BME after PV.

Conclusion:  A gradual decrease of BME in osteoporotic VCF treated with PV is

apparent during 12 months MRI follow-up. Decrease of BME is unrelated to relief of pain.
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Introduction

 Percutaneous vertebroplasty (PV) is aimed at alleviation of local

spinal pain by stabilizing a vertebral compression fracture (VCF) and

strengthening the bone of a vertebral body through the percutaneous

injection of bone cement into the vertebral body. PV is increasingly used

to treat painful VCF due to osteoporosis refractive to medical treatment.

The presence of bone marrow edema (BME) on Magnetic Resonance

Imaging (MRI) is one of several necessary inclusion criteria for patients

to be considered candidates for PV. Little is known about changes in

appearance of BME on follow-up MRI of osteoporotic VCF after treatment

with PV, nor about the possible relation with pain relief.

 In the present study we prospectively (1) assessed changes in

appearance of BME extent on MRI at three, six and 12 months following

PV in 64 patients with 89 osteoporotic VCF and, (2) evaluated the

relation between changes in BME extent in treated VCF and relief of pain

over time.

Patients and Methods

Patient selection

 Between March 2002 and August 2004, 105 consecutive patients

who underwent PV of painful osteoporotic VCF in our hospital were

prospectively recruited for a one year follow-up study after PV. Inclusion

criteria for VCF to be treated by PV were: (1) VCF with at least 15%

height loss of the vertebral body compared to the posterior wall height,

(2) back pain refractive to medical therapy for at least six weeks and

related to the level of VCF at fluoroscopy guided physical examination,

(3) presence of BME in the collapsed vertebral body on MRI and (4)

bone density T-scores less than -2.0 and no indication of underlying
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disease. Inclusion criteria for follow-up were: (1) serial MRI at three, six

and 12 months following PV and (2) completed pain questionnaires

before PV and at three, six and 12 months after PV. Before the

procedure, Institutional Review Board approval and patient informed

consent were obtained.

Patient population

 A total of 105 patients were enrolled in the study. During the

study period, 41 patients were excluded: two patients died within three

months of unrelated disease, seven patients refused three months

follow-up MRI, five refused six months follow-up MRI and 27 patients

refused 12 months follow-up MRI. The remaining 64 patients met all

study inclusion criteria and are the subjects of this study. These 64

patients had 216 pre-existing VCF with a median of three VCF per

patient (range 1-10). Of these 216 VCF, 89 demonstrated BME on MRI

and were subsequently treated with PV. All 89 treated vertebrae had

intact posterior walls, pedicles and posterior arches. Nineteen patients

(29%) had multiple VCF treated in one session: 15 patients with two

VCF and three patients with three VCF. One patient had five VCF treated

in two sessions. Vertebral levels treated by PV ranged from Th5 through

L5. No technical failures or procedural morbidity occurred.

Procedure

 PV was performed under local anesthesia on a biplane

angiographic unit. In the majority of cases a bilateral transpedicular

approach was used. Polymethylmethacrylate (PMMA) bone cement was

injected manually under continuous fluoroscopy using 1.0 cc syringes

and 11 or 13 Gauge bone biopsy needles (William Cook Europe, Bjaeverskov,

Denmark). Various bone cements were used: Simplex-P (Howmedica,
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Limmerick, Ireland; n=14), Palacos LV-40 (Schering-Plough Europe, Brussels,

Belgium; n=27), Osteopal V (Biomet Merck, Ried b. Kerzers, Switzerland;

n=28) and Osteo-Firm (William Cook Europe, Bjaeverskov, Denmark; n=20). The

amount of injected cement in each vertebral body was noted.

Immediately after PV, a CT scan with multiplanar reconstruction of

treated levels was made to assess cement deposition and to identify

possible extra cementleakage or other local complications that might not

have been noted under fluoroscopy.

Preprocedural imaging protocol

 MRI was performed on a 1.0 or 1.5T MRI scanner. Total spine

MRI sequences consisted of sagittal T1 weighted (TR 400 ms, TE 13 ms), T2

Turbo Spin Echo (TSE) weighted (TR 3500 ms, TE 120 ms) and STIR (Short

Tau Inversion Recovery) images (TR 2500 ms, TE 70 ms) and transverse T2

TSE weighted images (TR 2500 ms, TE 120 ms) at the level of VCF with BME.

All MR sequences had 512 matrices. Slice thickness was 4 mm slices.

Field of view in sagittal plane images was 350 mm and in transverse

images 225 mm.

 BME in the collapsed vertebral body was defined as decreased

signal intensity on T1 weighted images and increased signal intensity on

STIR-weighted images (1). BME extent was assessed on sagittal images

as a percentage of volume of the collapsed vertebral body and classified

into severe (75-100%), moderate (25-74%) and minor (1-24%). The

shape and grade of every treated VCF was scored using the semi

quantitative visual grading scale of vertebral deformities according to

Genant (2).

Postprocedural imaging protocol

Follow-up MRI was scheduled at three, six and 12 months after

PV. Follow-up total spine MRI consisted of sagittal T1 weighted and STIR
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images and transverse T2 TSE weighted images at the level of treated

vertebral bodies and new VCF locations if present.

 After PV, the extent of BME was assessed as a percentage of

volume of the collapsed vertebral body excluding the volume occupied

by the cement and classified into severe (75-100%), moderate (25-

74%), minor (1-24%) and no BME (0%). Changes in BME extent over

time were classified into less, the same or more.

 Once BME in treated VCF was completely resolved, the presence

or absence of a small bright rim surrounding the cement cast on STIR

images was recorded.

Clinical follow-up

 Before PV and at every MRI follow-up visit, a visual analogue

scale (VAS) for pain was scored from 0 to 10, with 0 representing no

pain and 10 representing the worst pain in the patient’s life (3). Type of

analgesic use was categorized into no analgesics, paracetamol

(acetaminophen), Non Steroid Anti Inflammatory Drugs (NSAID), and

opiate-derivatives. In addition, patients were asked whether pain was

located at the treated level or at another level.

 Changes in VAS were assessed by subtraction of scores at

different follow up intervals. Differences in type of analgesic use at

every follow-up period were quantified by defining analgesic use as an

ordinal variable in which no analgesic use was coded as 0, paracetamol

as 1, NSAID as 2 and opiate-derivatives as 3.

Assessment of relation between changes in BME and evolution of pain

 To exclude possible other factors causing back pain, relation

between changes in BME in treated VCF and evolution of pain was only

assessed in patients with one single VCF treated with PV and neither

new VCF at follow-up nor pain at another untreated level. PV of one
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single VCF was performed in 45 patients. Seven of these 45 patients

developed new VCF and seven patients had pain at another untreated

level during 12 months follow-up. The remaining 31 patients

represented subgroup A and the 33 excluded patients subgroup B.

Statistical analysis

 Patient and imaging characteristics were evaluated in the total

study group and both subgroups. Patient characteristics in both

subgroups were compared to evaluate possible other differences besides

the exclusion criteria in subgroup A that could have influenced pain

evolution after PV. Differences between characteristics in the subgroups

were tested with Chi-square (categorical variables) or unpaired t-test

(continuous variables).

 Assessment of relation between changes in BME and evolution of

pain was evaluated in patients from subgroup A. Patients with decrease

in BME extent of treated VCF were compared to patients with no change

in BME extent at follow-up intervals. Patients with absence of BME in

treated VCF were compared to patients with presence of BME in treated

VCF at different follow-up intervals. The paired T-test was used to

compare changes in VAS and the Wilcoxon paired sample test to

compare type of analgesics used before and after PV. The relation

between changes in BME extent, VAS score and type of analgesics used

was evaluated by linear regression analysis. Regression coefficients for

change in BME extent (decrease or similar; absent or present) were

calculated with corresponding 95% confidence limits.

Results

Patient- and imaging characteristics

 The majority of patients were older women with wedged, severe

osteoporotic VCF of four months old with severe BME extent. Most
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patients used strong analgesics and indicated high VAS pain scores.

Characteristics of the total study population and both subgroups are

summarized in Table I. Besides the exclusion criteria, patients in

subgroup A had slightly lower initial VAS scores and a little bit more

injected cement in treated VCF compared to patients in subgroup B. All

other characteristics were equal in the subgroups.

Table I: Characteristics of the total group of patients and the subgroup of patients with one

treated vertebral compression fracture (VCF) and no new VCF or pain at another

untreated level during follow-up (subgroup A) and the remaining patients (subgroup B); p-value for

differences in subgroup A and B. PV=percutaneous vertebroplasty; VAS=visual analogue score; NSAID=non steroid

anti-inflammatory drugs

total group subgroup A subgroup B p-value

number of patients 64 31 33 -

median age in years (range)

- mean age

70 (47-88)

69

70 (47-88)

68

70 (51-88)

70

0.5

women (%) 49 (77) 24 (77) 8 (24) 0.9

number of VCF treated by PV 89 31 59 -

median age in months of treated VCF  (range)

- mean age

4 (2-48)

5.5

4 (2-13)

4.5

4 (2-48)

6.0

0.3

extent bone marrow edema in treated VCF

- minor (1-24%)

- moderate (25-74%)

- severe (75-100%)

6

27

67

6

26

68

5

28

67

0.95

shape treated VCF (%)

- wedge

- biconcave

61

39

68

32

57

43

0.3

grade treated VCF (%)

- mild

- moderate

- severe

28

33

39

26

39

35

29

29

41

0.7

median injected cement volume (cc) (range)

- mean

3.0 (1.0-4.5)

2.6

3.0 (1.2-4.5)

3.0

2.6 (0.8-4.0)

2.4

0.01

median initial VAS for pain (range)

- mean

9.0 (4-10)

8.7

8.0 (4-10)

8.2

10 (6-10)

9.1

0.02

initial pain medication (%)

- no

- paracetamol

- NSAID

- Opiate-derivative

11

12

28

49

13

13

39

35

9

12

18

61

0.2

patients with multiple treated VCF (%) 19 (29) - 19 (58) -

patients with new VCF after PV (%) 17 (26) - 17 (52) -

patients with pain at another untreated level after

PV, but without new VCF (%)
7 (11) - 7 (21)

-
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Figure one: Extent of bone marrow edema (BME) in 89 treated vertebral compression fractures

preprocedural (0 month) and at follow-up intervals after percutaneous

vertebroplasty (PV) in 64 patients.

Table II: Changes in extent of bone marrow edema (BME) in treated vertebral compression

fractures (VCF) and corresponding changes in visual analogue score (VAS) for pain

and use of analgesics in the three follow-up intervals after percutaneous vertebroplasty (PV) in 31

patients (subgroup A).

Follow-up interval after PV 0-3 months 3-6 months 6-12 months

Change in BME extent

   Number of VCF with BME 31 20 17

   Decrease 90% 45% 41%

   Similar 10% 55% 59%

   Increase - - -

Mean decrease in VAS 6.1 0.3 0.2

   Decrease 100% 19% 29%

   Similar - 71% 55%

   Increase - 10% 16%

Change in analgesic use

   Decrease 82% 10% 7%

   Similar 18% 84% 87%

   Increase - 6% 6%
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Figure two a+b: sagittal STIR (a) and T1 weighted images (b) follow-up in a patient with

osteoporotic vertebral compression fracture (VCF) Th12 treated by percutaneous

vertebroplasty (PV). Visual analog score for pain preprocedural (0) and at 3, 6 and 12 months after PV:

10, 2, 1 and 1. Patient used morphine pre procedural (0) and no pain medication at 3, 6 and 12 months

after PV. Percentage bone marrow edema (based on all images) in VCF Th12 preprocedural (0) and at

3, 6 and 12 months after PV: 75%, 25%, 20% and 0%.

Fig. 2a

Fig. 2b
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Bone marrow edema evolution

 Evolution of BME extent in treated VCF in 64 patients at three,

six and 12 months after PV is displayed in Figure 1. Over time, a gradual

decrease of BME is apparent (Figures 2a+b). At three, six and 12

months, BME had resolved completely in 35%, 54% and 71% of treated

vertebral bodies, respectively. Decrease in BME was largest in the first

three months after PV. One treated vertebral body demonstrated initial

increase of BME at three months, but BME resolved completely at six

months follow-up and remained so at 12 months. Once BME in treated

VCF was resolved completely, it did not return.

 VCF with completely resolved BME demonstrated a bright rim

surrounding the cement cast at three, six and 12 months follow-up in 22

(76%), 35 (73%) and 40 (64%) treated vertebral bodies respectively.

Once the bright rim was present, this rim persisted on next follow-up

MRI scans. On T1 weighted images signal intensity of this rim was equal

to water (Figure 3).

Bone marrow edema and clinical outcome

 Postprocedural VAS and type of analgesic used was significantly

lower at all intervals in time compared to initial values (p < 0.001)

(Figures 4 and 5). Both VAS and type of analgesic used decreased

foremost in the first three months after PV. Values remained fairly

constant at further follow-up intervals. Increase in VAS at six months

follow-up was indicated by three (10%) and at 12 months follow-up by

five (16%) patients. At six months follow-up, two (6%) patients used

stronger analgesics and at 12 months follow-up, two other (6%)

patients used stronger analgesics. One patient indicated both higher

VAS and use of stronger analgesics at 12 months follow-up compared to

six months follow-up. In this patient, treated VCF demonstrated no BME

on three months MRI follow-up onwards.
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Figure three:  Small hyperintense rim on sagittal STIR and hypointense on T1 weighted image,

comparable to signal intensity of water, directly surrounding the cement cast at 6

months follow-up after PV of VCF L1.

Figure four: Median Visual Analog Score (VAS) for pain in 31 patients (subgroup A) before

percutaneous vertebroplasty (PV) and at follow-up intervals.

 Table II summarizes the changes in BME extent of treated VCF,

mean VAS score and type of analgesic used at the three follow-up

intervals after PV. Patients with decrease in BME extent in treated VCF
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compared to patients with no change in BME extent, as well as patients

with absence versus presence of BME in treated VCF, had no difference

in mean decrease of VAS or analgesic use at each follow-up time

interval after PV (Table III).

Table III: Relation between changes in extent of bone marrow edema (BME) in treated

vertebral compression fractures (VCF) and corresponding decreases in visual

analogue score (VAS) for pain and use of analgesics in the three follow-up intervals after percutaneous

vertebroplasty (PV) in 31 patients (subgroup A). 95% CI=95% confidence interval

Follow-up interval after PV 0-3 months 3-6 months 6-12 months

decrease

mean VAS

decrease

analgesic

use

decrease

mean VAS

decrease

analgesic

use

Decrease

mean VAS

decrease

analgesic

use

Change in BME extent

  Decrease in BME 6.3 86% 0.4 0% 0.7 14%

  Similar BME 6.0 67% 0.2 15% 0.1 4%

  Regression coefficient 1.3 0.8 0.2 0.2 0.6 0.6

  95% CI -4.4 – 1.7 -2.0 – 0.5 -1.0 – 0.7 -0.9 – 0.8 -1.8 – 0.5 -1.8 – 0.5

  BME absent 6.3 89% 0.2 14% 0.2 5%

  BME present 6.0 82% 0.3 6% 0.4 8%

  Regression coefficient 0.2 0.5 0.1 0.02 0.1 0.1

  95% CI -1.9 – 2.2 -1.3 – 0.4 -0.9 – 0.7 -0.9 – 0.8 -1.1 – 0.9 -1.1 – 0.9

Figure five: Use of analgesics in 31 patients (subgroup A) before percutaneous vertebroplasty

(PV) and at follow-up intervals.
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Discussion

 Percutaneous Vertebroplasty aims to quickly reduce or resolve

pain related to symptomatic VCF. We found decrease of VAS and use of

analgesics to be most striking in the first three months after PV. Pain

scores stabilized thereafter at low levels. This successful treatment

result is in concordance with other studies (4-10). We also noticed a

gradual decrease of BME extent in treated osteoporotic VCF after PV

during twelve months MRI follow-up. One year after PV, BME had

disappeared completely in 71% of treated vertebral bodies. No relation

was found at each follow-up interval between decrease in BME extent

and decrease in back pain. Next to the exclusion criteria, patient and

imaging characteristics in subgroup A varied only minimally compared to

subgroup B. Therefore, the outcome of our study results can be applied

in general in patients with osteoporotic VCF after treatment by PV.

 Little is known about the natural history of BME on MRI in

untreated VCF. MRI can show characteristic changes in bone marrow

signal that depend on the age of the VCF: (sub)acute VCF features of

the bone marrow space on MRI is manifested by a hypointense signal on

T1-weighted images and a hyperintense signal on T2-weighted and STIR

sequences (1,11). BME is presumably the result of micro fractures within

the medullar bone and resultant hemorrhage. After one to three

months, most osteoporotic VCF become isointense to normal bone on all

sequences (11). Disappearance of BME is considered a sign of fracture

healing.

 In contradiction to these findings, we found that BME in VCF

persists much longer than three months: mean age of VCF before

treatment in our study was 5.5 months with a range of two to 48

months and all showed BME on MRI. Our findings are confirmed in

studies using bone scintigraphy in which increased uptake in up to 41%
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of untreated VCF persists for as long as one year after initial fracture

(12,13). Recently, progressive and persistent BME in treated VCF after

PV was also observed in another study (14).

 Influence of PV on fracture healing and normal evolution of BME

in treated osteoporotic VCF has not been studied before. Nearly all

patients have substantial pain relief within three months after

treatment. While decrease in BME was largest in the first three months

after PV, still 65% of treated VCF showed BME three months after PV

and nearly one third demonstrated BME one year after treatment. The

relatively rapid relief of pain seen following PV may be most likely due to

fixation and lack of movement of fracture fragments with PV. However,

relief of pain and fracture healing seem to be two separate aspects of

VCF recovery. The pathogenesis of persistent BME after PV remains

unclear. Perhaps changes in BME on MRI accurately depicts the time

course of fracture healing.

 Although presence of BME in VCF on pre-operative MRI is

supposedly considered related to the painful VCF, nothing is known

about presence of BME in treated VCF on follow-up MRI after PV and its

association with pain. In our prospective study, we could not find a

relation between BME and relief of pain: changes in BME extent on one

year MRI follow-up were unrelated to changes in pain after PV at all

follow-up intervals. Our results are in concordance with the assumption

that presence of BME in treated VCF on follow-up MRI after PV should

not be interpreted as ongoing pain at the treated vertebral level (14).

 A bright rim surrounding the cement cast on STIR images was

frequently observed. On T1 weighted images signal intensity of this rim

was equal to water (Figure 3). The bright rim remained visible long after

bone marrow signal intensity has returned to normal. Pathogenesis of

this bright rim may be explained by the hyperthermic reaction upon

hardening of the bone cement in the vertebral body (15,16). Heat can
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cause local vertebral ischemia, especially in osteoporotic bone,

characterized by increased fatty infiltration of bone marrow and overall

decrease in blood supply. Since temperature upon cement hardening is

highest in tissue directly in contact with the cement, probably the rim

expresses a small necrotic area surrounding the cement cast.

 We acknowledge that the methods to measure pain used in our

study have limitations. Extensive physical examination prior to PV and at

every follow-up visit combined with the use of designated standardized

back pain questionnaires, could probably have provided more detailed

information. Nevertheless, we believe the information obtained from

changes in VAS score and strength of analgesics taken at every time

interval, is comparatively indicative of the residual pain patients have

related to their treated VCF.

 Our results indicate that MRI follow-up after PV is generally not

necessary. Plain x-ray films of the spine give information on further

collapse of the treated VCF and occurrence of new VCF. Follow-up MRI is

only indicated in patients with new symptomatic VCF in which PV is

considered or in patients with unexplained residual pain.

Conclusion

 A gradual decrease of BME extent in treated osteoporotic VCF is

apparent during 12 months MRI follow-up after PV. Decrease of BME

extent in treated VCF is unrelated to the relief of back pain after PV.
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Abstract

Purpose:  To prospectively assess the incidence, location and possible causative

mechanisms of new vertebral compression fractures (VCF) in 66 symptomatic patients

with osteoporotic VCF treated with percutaneous vertebroplasty (PV) and to study the

relation between new VCF and back pain symptoms.

Methods:  Sixty-six patients with 102 painful symptomatic VCF were treated with

PV. All patients had baseline total spinal Magnetic Resonance (MR) Imaging. Follow-up MR

imaging was performed at 3, 6 and 12 months to locate new VCF. Visual analog scores for

pain and pain medication consumption were used to assess clinical outcome. The following

characteristics were compared in patients with new VCF after PV versus patients without

new VCF: patient age, sex, presence of secondary osteoporosis, bone mineral density,

number of pre-existing VCF, shape and grade of VCF, type of bone cement used for PV,

volume of injected cement, and cementleakage in intervertebral disc spaces.

Results:  Sixteen of 66 patients had 26 new VCF during 1 year of follow-up after

PV. Most new VCF occurred within 3 months of PV, half of new VCF appeared in levels

adjacent to treated levels, and half of the new VCF were symptomatic. The presence of

more than two pre-existing VCF was the only independent risk factor for the development

of a new VCF.

Conclusion: New VCF occurred after PV in 24% of patients. Half of new VCF occurred

in levels adjacent to treated levels and half were symptomatic. The presence of more than

two pre-existing VCF was the only independent risk factor for the development of a new

VCF.
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Introduction

 Percutaneous vertebroplasty (PV) is the percutaneous

stabilization of a compressed vertebral fracture with the injection of

polymethylmethacrylate. The main goal of PV is to reduce or eliminate

pain caused by vertebral compression fractures (VCF).  Although

patients with primary or secondary osteolytic vertebral tumors were

initially treated with this procedure, the main target population for PV is

patients with painful therapy resistant VCF caused by osteoporosis. A

major concern after PV in patients with osteoporosis is the occurrence of

new VCF in the nontreated vertebral bodies at other levels. Some

authors believe new VCF after PV are caused by the augmented stiffness

of the treated vertebrae related to the amount of injected cement or by

cementleakage in the adjacent vertebral disc space (1-7). Others have

stated that the ongoing osteoporosis induces new VCF (8-11).

 In this study, we prospectively assessed the incidence, location

and possible causative mechanisms of new VCF in 66 patients treated

with PV after osteoporotic VCF by Magnetic Resonance (MR) imaging

follow-up. We also studied the relation between new VCF and back pain

symptoms.

Patients and methods

Patients

 Between March 2002 and March 2004, 77 consecutive patients

underwent PV of painful osteoporotic VCF in our hospital. Eleven

patients were excluded from the study. One patient died of unrelated

disease within two months. Ten patients refused 3-month and/or 6-

month follow-up MR imaging and were excluded from the study. The

remaining 66 patients had 6-month follow-up MR imaging after PV and
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constitute the current study population. PV was performed only if

conservative treatment had failed and back pain still existed after at

least six weeks. Other causes of back pain were excluded by means of

anamnesis, physical examination and MR imaging.

 All patients had total spine MR imaging before PV. Preprocedural

MR imaging sequences consisted of sagittal T1-weighted, T2 Turbo Spin

Echo (TSE) weighted and STIR (Short Tau Inversion Recovery)

sequences and additional transverse T2 TSE weighted images at the

level of the VCF. Only patients with VCF with a minimum of 15% height

loss compared with the dorsal wall height of the vertebral body and

presence of bone marrow edema of the collapsed vertebral body were

included for treatment. Before treatment, all patients underwent bone

mineral densitometry. Before the procedure, institutional review board

approval and patient informed consent were obtained.

Procedure

 PV was performed under local anesthesia in a biplane

angiography suite (Integris BN 3000 Neuro, Philips Medical Systems, Best, the

Netherlands). Polymethylmethacrylate bone cement was injected under

continuous fluoroscopic imaging guidance. Various bone cements were

used: Simplex-P (Howmedica, Limmerick, Ireland), Palacos LV-40 (Schering-

Plough Europe, Brussels, Belgium), Osteopal V (Biomet Merck, Ried b. Kerzers,

Switzerland) and Osteo-Firm (William Cook Europe, Bjaeverskov, Denmark). In each

treated VCF, the amount of injected cement per vertebral body was

noted. Immediately after the procedure, computer tomography with

multiplanar reconstructions of treated levels was performed to identify

possible extra cementleakage or other local complications that might not

have been noted under fluoroscopy. Intervertebral disc leakage into

upper or lower disk space in relation to the treated level was assessed.
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Imaging follow up

 After PV, total spine MR imaging scans were scheduled at three,

six and twelve-months. Follow-up MR imaging consisted of sagittal T1

weighted and STIR sequence images and additional transverse T2 TSE

weighted images of treated vertebrae and new VCF if present.

 Pre- and postprocedural total spine MR images were compared to

identify new VCF. Regardless of the presence of clinical symptoms, we

considered new VCF to be present when postprocedural MR images

showed more than 15% compression of the vertebral body and bone

marrow edema at a level other than the treated vertebra. The presence,

number, and level of new VCF were recorded. Development of new VCF

between two directly adjacent treated VCF was separately noted.

Clinical follow up

 Before PV treatment and at every MR imaging follow-up visit,

patients were asked to fill out a Visual Analogue Score (VAS) for pain

and pain medication use. The VAS consisted of a 10-point scale ranging

from 0 indicating no pain to 10 indicating the most severe pain ever in

the patient’s life (12). Treatment was considered successful if the follow-

up VAS was at least 50% lower than the initial VAS. The follow-up pain

questionnaire was also used to distinguish symptomatic from

asymptomatic new VCF. A new VCF was considered asymptomatic if the

patient had no or minor back pain, a follow-up VAS score less than 50%

of the initial VAS and, no need for extra pain medication.

Statistical analysis

 The decrease in VAS of patients with osteoporotic VCF before and

after PV was tested with the Wilcoxon paired sample test.

 The following patient characteristics were compared in patients

with new VCF versus patients without VCF: age, sex, presence of
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secondary osteoporosis, and bone mineral density. In secondary

osteoporosis, bone loss is associated with an identifiable medical

condition in which treatment with steroid drugs is required. The

following imaging characteristics were compared between groups: the

number of pre-existing VCF, vertebral shape (wedge, biconcave or

crush) and grade of VCF (mild, moderate and severe). The shape and

grade of every treated VCF was scored according to the semi

quantitative visual grading of vertebral deformities (13). The shape of

VCF was classified on the basis of reduction in anterior height (i.e.,

wedged), middle height (i.e., biconcave) and posterior height (i.e.,

crush). The grade of VCF was classified on the basis of the percentage of

reduction: 15-25% (mild), 26-40% (moderate) and more than 40%

(severe). Shape and grade of treated VCF were determined by two

radiologists on a consensus basis.

 The following technical characteristics were compared between

groups: type of bone cement used, volume of injected cement, and

occurrence of cementleakage into adjacent intervertebral disc space(s).

Corresponding 95% confidence limits (CI) were calculated with

confidence interval estimation (14).

 Differences in baseline characteristics between patients with and

without new VCF were compared with the Chi-square test for categorical

variables and an unpaired t-test for continuous variables. The

independent effect of baseline characteristics on the occurrence of new

VCF was estimated with logistic regression analysis by calculating odds

ratio’s (OR) and corresponding 95% CI levels.

Results

 The 66 patients treated with PV had a total of 228 pre-existing

VCF with a median of three VCF per patient (range, 1-10). Of these 228
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VCF, 102 showed bone marrow edema on MR imaging and were

subsequently treated with PV in 68 sessions. Two patients were treated

in two PV sessions.

 There were no technical failures and there was no procedural

morbidity. Injected bone cements were Simplex-P, Palacos LV-40,

Osteopal V and Osteo-Firm in 15, 28, 29 and 30 VCF, respectively. All

66 patients had 3-month and 6-month MR imaging follow-up and 46

patients (70%) had 12-month MR imaging follow-up. Table 1

summarizes the characteristics of the total group of patients at time of

treatment by PV.

Table one: Characteristics of the total patient group (N=66).

VCF=vertebral compression fracture; PV=percutaneous vertebroplasty; VAS=visual analogue

score for pain; NSAID=non-steroid anti inflammatory drugs; sd=standard deviation; values in

parentheses are percentages unless specified otherwise

N

mean age ± sd, y (range) 70 ± 10 (46-88)

female sex (%) 50 (76)

mean bone mineral density ± sd (T-score) -2.92 ± 1.2

secondary osteoporosis (%) 11 (17)

total number of pre-existing VCF 228

median number of pre-existing VCF per patient

- 1

- 2

- 3

3

12 (18)

20 (30)

34 (52)

total number of VCF treated by PV 102

shape of treated VCF

- wedge

- biconcave

- crush

39 (38)

61 (60)

2 (2)

grade of treated VCF

- mild

- moderate

- severe

18 (18)

43 (42)

41 (40)

mean cement volume ± sd, ml (range) 2.8 ± 0.9 (1-5)

mean initial VAS ± sd

- median

8.8 ± 1.3

9.0

pain medication:

- no

- paracetamol / NSAID

- morphine

7 (11)

27 (41)

32 (48)

patients with new VCF

patients without new VCF

16 (24)

50 (76)
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Figure one:  VAS for pain immediately before the procedure (0 month) and at

each follow-up interval after PV; sd=standard deviation

Figure two:  Use of pain medication immediately before the procedure (0 month) and at each

follow-up interval after PV; NSAID=non-steroid anti inflammatory drugs
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 Postprocedural median VAS were significantly lower than initial

VAS at all points in time, and patients needed less pain medication in

follow-up after treatment with PV (p<0.001) (Figures 1 and 2).

 In 16 of 66 patients (24%; 95% CI, 15-36%) 26 new

osteoporotic VCF occurred. Table 2 summarizes the number and

characteristics of all new VCF at different follow-up periods. Multiple new

VCF at different time intervals arose in seven patients: five patients

developed two new VCF each, one patient developed three new VCF and

one patient developed four new VCF.

Table two:  New VCF at different follow-up periods after PV.

months after PV patients with new VCF
new VCF

N (%)

symptomatic VCF

N (%)

adjacent VCF

N (%)

3 12 16 (62) 8 (50) 11 (69)

6 5 6 (23) 2 (33) 2 (33)

12 3 4 (15) 2 (50) 1 (25)

Total 16 26(100) 12(46) 14 (54)

 Of the 26 new VCF, 16 appeared within three months, with 11 of

these 16 at adjacent levels. Eight of these 16 new VCF were

symptomatic. On MR imaging at six months and 12 months, new VCF

were less frequently observed, less symptomatic, and located at levels

distant from the initially treated level. Of the 26 new VCF, 10 were

treated by PV, two were conservatively treated, and 14 needed no

(pain) therapy because they were asymptomatic.

 Most initially treated VCF and new VCF were located at the

thoracolumbar junction (vertebrae Th10 through L2). No one specific

initially treated vertebral level was associated more often with new VCF

or with adjacent new VCF (Table 3).
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Table three:  Thoracolumbar spine level distribution of initially treated osteoporotic VCF by PV

and new VCF after PV

initially treated

VCF

(N)

new VCF

(N)

adjacent  new VCF

(N)

(n=14)

symptomatic

new VCF (N)

total number 102 26 14 12

spine level

Th5 1 1
Th6 3 1
Th7 6 1 1 1
Th8 7 1 1
Th9 2 1 1 1
Th10 5 4 2 1
Th11 11
Th12 19 3 2 2
L1 19 3 3 2
L2 18 1 1 1
L3 3 5 3 1
L4 5 3 2
L5 3 2 1

Table four:  Comparison of characteristics of patients with and without new VCF after PV

Values in parentheses are percentages unless specified otherwise; sd=standard deviation

patients with new VCF

N = 16

patients without new VCF

N = 50
p-value

median age, y in years (range) 70 (56-87) 70 (46-88) 0.7

female sex 11 (69) 39 (78) 0.5

mean bone mineral density ± sd (T-score) -3.0 ± 1.2 -2.9 ± 0.9 0.7

secondary osteoporosis 2 (13) 9 (18) 0.6

median number of pre-existing VCF

- 1

- 2

- 3

5

0 (0)

20 (20)

36 (35)

2

102 (100)

82 (80)

66 (65)

0.04

shape treated VCF

- wedge

- biconcave

- crush

51 (50)

51 (50)

0 (0)

66 (65)

36 (35)

0 (0)

0.5

grade treated VCF

- mild

- moderate

- severe

13 (13)

51 (50)

38 (37)

20 (20)

41 (40)

41 (40)

0.7

mean cement volume ± sd, ml (range) 2.7 ± 1.0 (1-4) 2.8 ± 0.7 (1-5) 0.8

cementleakage intervertebral disc spaces 1 (7) 30(93) 0.7

type of bone cement used

- Simplex P

- Palacos LV

- Osteopal V

- Osteo-Firm

4 (27)

7 (25)

7 (24)

8 (27)

11 (73)

21 (75)

22 (76)

22 (73)

0.8
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 A comparison of patient, imaging and technical characteristics in

patients with and without new VCF on follow-up are listed in Table 4.

There were no differences in age, sex, secondary osteoporosis, or bone

mineral density. Eleven patients (17%) had steroid-induced osteoporotic

VCF, of whom two patients developed new VCF.

 There was no difference in the shape and grade of vertebral

deformities of initially treated VCF. The number of pre-existing VCF

differed between patients with and without new VCF, and in the

multivariate analysis, the number of pre-existing VCF remained the only

predictor of new VCF. With three or more pre-existing VCF, the risk of

developing a new VCF was significantly higher (OR 3.8; 95% CI, 1.1-

13.5) compared with patients with one or two pre-existing VCF. There

was no difference in mean injected cement volume and type of bone

cement used.

 Of the 102 treated VCF, cementleakage to adjacent intervertebral

disc space occurred in 31 cases (30%). Of the 14 new VCF that arose

adjacent to the treated VCF, one (7%) occurred in relation to

cementleakage to the adjacent disc space.

 In the subgroup of five eligible patients in whom two VCF were

treated with PV with an intact level left untreated in between, two new

VCF (40%) occurred in these initially intact adjacent vertebral bodies.

Both new VCF were asymptomatic.

Discussion

 Nearly 25% of patients developed one or more new VCF in the

one year of follow-up after treatment of painful osteoporotic VCF with

PV. The majority of these new VCF occurred within three months after

PV. In the first three months, most new VCF were located at adjacent

levels, whereas later in follow up, more distant levels were involved.
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Almost half of new VCF were symptomatic. Presence of more than two

pre-existing VCF was the only predictor in the development of new VCF.

Age, sex, presence of secondary osteoporosis, bone mineral density,

vertebral shape, grade of VCF, type of bone cement used, volume of

injected cement, and cementleakage in the intervertebral disc space did

not influence the occurrence of new VCF after PV.

Table five:  Incidence of new osteoporotic VCF after PV treatment in the literature.

study (reference) number of

patients

follow-up period

(years)

incidence

of new VCF

study method in

assessment of new VCF

Grados et al, 2000 (9) 25 1-7 52 VAS and radiography once in 1997

Perez-Higueras et al, 2002 (10) 13 5 23
prospective:

pain questionnaire

Uppin et al, 2003 (11) 177 1-2 12 retrospective

Kim et al, 2004 (15) 106 1-3 8
retrospective:

MR in symptomatic patients

Lin et al, 2004 (6) 38 1 36
prospective:

MR in symptomatic patients

Present study 66 1 24

prospective:

pain questionnaire and MR at

3, 6 and 12 months after PV

 The incidence of new VCF after PV was reported to range from

8% to 52% in several studies (9-11,15) (Table 5). However, most of

these studies were not prospectively designed and additional radiological

examinations were performed in symptomatic patients only. The studies

with the largest number of patients showed the lowest incidences, but

were retrospectively designed (11,15). The results of our study are

almost identical to the incidence found in one other prospective study

(10). However, the number of patients in this analysis was small. The

incidence of new osteoporotic VCF within one year in patients

conservatively treated after an osteoporotic VCF is approximately 20%

(16,17). With the presence of two or more pre-existing VCF, the

incidence increases to 24% (17). The incidence of new VCF after PV
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seems to be in the range of the incidence of new VCF in the natural

course of osteoporosis (16-22).

 Within three months after PV, the majority of new VCF occurred

in levels adjacent to treated levels, as was also observed by others

(9,11,15). Studies of spinal biomechanics indicate that the stiffness of

augmented vertebrae can be 36 times greater than normal spinal

cancellous bone (4). The increase in pressure and weight-bearing

changes on adjacent intervertebral discs after PV, and the indirect

increase in pressure on adjacent untreated vertebral bodies, especially

in patients with osteoporotic vertebrae, can cause new adjacent VCF (1-

5,7). Our study showed no relation between specific treated vertebral

level and the occurrence of new adjacent or distant VCF. We also found

that VCF mostly occur at vertebral levels T10 through L2 in untreated

and treated patients. This is in concordance with the results of a study

by Kim et al (15). Another explanation of the occurrence of new VCF in

the vicinity of treated VCF after PV may be that increased daily activities

as back pain decreases after PV, cause additional stress on the vertebral

bodies (11).

 Development of new VCF between two directly adjacent treated

VCF was examined separately. In two of five patients treated with PV of

two VCF with an untreated intact adjacent vertebral level between them,

a new VCF occurred in this initially intact adjacent vertebral level. With

this small number of patients, no definitive conclusions can be drawn

regarding the influence of PV treatment on new VCF in intact levels

between treated levels. However, because both new VCF after PV were

asymptomatic and three eligible patients did not develop a new VCF,

prophylactic treatment with PV of initially intact vertebral levels between

adjacent treated levels is not indicated.

 Apart from the possible influence on location of occurrence of

new VCF after PV, some authors have suggested the changed weight-



150

bearing effects and increased vertebral stiffness resulting from PV is the

major contributing factor in development of new VCF after PV,

independent of the effect of the underlying osteoporosis (1-7,9,15).

Volume of injected bone cement has been suggested as a causative risk

factor (3,5,6). In our study, no difference in volume of injected cement

was observed in patients with or without a new VCF after PV. Moreover,

the mean volume of cement used was much lower in our study than in

another study with a lower incidence of new VCF (11). We also found no

relation between cementleakage and the occurrence of new adjacent

VCF as suggested in other studies (6).

 Another possible causative mechanism in the development of

new VCF after PV could be the influence of the ongoing osteoporosis

independent of PV treatment. In patients with osteoporotic VCF not

treated with PV, the presence of more and/or more severe pre-existing

osteoporotic VCF resulted in higher incidences of new VCF (17-22).

Specific possible osteoporotic risk factors in our study such as bone

mineral density T-scores, presence of primary or secondary osteoporosis

and severity of pre-existing VCF were comparable in patients with and

without new VCF after PV. The only predictor of occurrence of new VCF

after PV was the presence of more than two pre-existing VCF.

 The majority of osteoporotic VCF cause only minor local back

pain symptoms and generally heal within 4 - 8 weeks with evident

reduction in back pain (17,23-25). After PV, we observed minor or

nonexistent back pain symptoms in approximately half of new VCF,

which is in concordance with the natural history of osteoporotic new VCF

in the first year after initial vertebral fracture (25). We are aware of no

other prospective studies of pain symptoms in patients with new VCF

after PV.

 Because our data on new VCF in patients treated with PV are

comparable to the reported incidences of new VCF in untreated patients
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with osteoporosis, PV does not seem to change the natural history of the

disease. This implies that screening of patients after PV for new VCF is

not indicated. Only patients with three or more pre-existing VCF should

be informed of the increased risk of development of new VCF in the

future.

Conclusion

 New VCF occurred after PV in 24% of patients. Half of new VCF

occurred in levels adjacent to treated levels and half were symptomatic.

The presence of more than two pre-existing VCF was the only

independent risk factor for the development of new VCF.
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Abstract

Purpose:  To investigate the feasibility of navigation with three-dimensional

rotational x-ray (3DRX) data for transpedicular percutaneous needle introduction, and to

compare navigation on 3DRX data with conventional fluoroscopic guidance.

Methods:  A navigation system was coupled to a 3DRX imaging system. In a

cadaver study, 60 biopsy needles were introduced into vertebral bodies by two

interventionalists with different levels of experience, using either fluoroscopic guidance or

navigation with 3DRX data. Radiation exposure to operators, fluoroscopic and introduction

times, and needle position were evaluated and compared.

Results:  For 3DRX navigation, the needle position was equivalent for both

interventionalists. For fluoroscopic guidance, the interventionalist with less experience in

percutaneous procedures had significantly more pedicle cortex violations than the other

interventionalist. Radiation exposure measured at the operators' hand and at the body wall

of the cadaver was less for 3DRX guided needle introductions.

Conclusions:  Navigation with 3DRX image data is feasible for transpedicular

percutaneous needle introduction, and has two advantages over fluoroscopic guidance: it

poses less strict requirements on the expertise of the interventionalist, and it reduces

radiation exposure to the interventionalist.
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Introduction

 In minimally invasive spinal procedures such as percutaneous

vertebroplasty (PV), fluoroscopy and combinations of CT and fluoroscopy

are commonly used for imaging guidance (1-4). The increasing number

of such minimal invasive image guided interventions has led to concerns

of an increase in radiation exposure for interventionalists both for spinal

procedures in general and for PV in particular (5-9).

 Navigation technology has been introduced to increase guidance

accuracy and to reduce radiation exposure, by means of continuous

visualization of the instruments with respect to the preoperatively

acquired 3D images of the patient anatomy. Navigation with 3D images

requires establishing the relationship between the image and the

patient, which generally involves pinpointing fiducials or anatomical

landmarks both in the images and on the patient, a cumbersome and

invasive procedure.

 Recently, navigation with three-dimensional rotational x-ray

(3DRX) images has been introduced in spinal applications (10,11). 3DRX

imaging has two distinct advantages when used for navigation: it is a 3D

modality that can accurately image spinal anatomy during the

intervention, and the invasive procedure to relate the image data to the

patient can be avoided, since the 3D imaging is carried out just prior to

the intervention with the patient already on the intervention table (12-

14).

 The purpose of our study was to investigate the feasibility of

navigation with 3DRX data for percutaneous transpedicular needle

introduction. In addition, the study is aimed at determining the potential

merits of 3DRX navigation with respect to fluoroscopic guidance in

transpedicular percutaneous needle introduction.
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Materials and methods

Study design

 In a cadaver study, 60 needles were introduced by two

interventionalists in 31 thoracic and lumbar (T8 – L4) vertebral bodies of

four embalmed complete post-mortem human trunks. Interventionalist 1

was an orthopedic resident who, prior to the study, had not performed

any percutaneous image-guided spinal procedures. However, he had

experience in open spinal procedures including 60 biopsy needle

introductions in goat vertebral bodies, 128 pedicle screws in cadavers,

and 20 pedicle screws in patients. Interventionalist 2 was a radiologist

who, prior to the study, had performed 150 percutaneous bilateral

needle introductions, in two years of clinical practice. Thirty needles

were introduced using conventional fluoroscopy, and 30 needles were

introduced using 3DRX navigation. Two needles were introduced in each

vertebral body, one through each of the pedicles, by the same

interventionalist using different techniques for the two needles, allowing

a paired comparison when analyzing the results. Number of needles per

interventionalist, modality and level are displayed in Table 1. One pair of

needles was introduced at the same side (right) of two adjacent

vertebral bodies, instead of a contralateral transpedicular approach in

the same vertebral body.

Table one:  Number of fluoroscopic or 3DRX guided needle placements by each interventionalist
and the spinal level of punctured vertebra. T=thoracic, L=lumbar

Left Right

Fluoroscopy 3DRX Fluoroscopy 3DRX

T L T L T L T L

Interventionalist

1
6 2 3 4 3 4 6 2

Interventionalist

2
4 3 3 4 3 5 4 4
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 The interventionalists were instructed to position the needle tip in

the anterior 1/3 of the vertebral body, and as close to the target

position  as possible without penetrating the pedicle cortex (Figure 1).

 Prior to the study both interventionalists gained some initial

experience with 3DRX navigation by introducing 3 - 5 needles in test

sessions on a cadaver.

Navigation with 3DRX Image Data

 We used a commercially available navigation system (Treon

StealthStation, Medtronic SNT, Louisville CO) running special purpose software,

developed by Medtronic and adapted by our institute, that permits

navigation using 3DRX images. Instrument and patient motion were

optically tracked by rigidly attached reference frames that contain

reflective spheres. The patient reference frame must be attached before

imaging the patient. We developed an aluminum base attachment

system that is better compatible with the imaging modality than

titanium reference frames that are conventionally used. The aluminum

base was attached to the patient, and after imaging, a standard spine

reference frame (Medtronic SNT) was attached to the base.

Fluoroscopically guided introduction

 A side-beveled biopsy needle (Osteo-Site Bone Biopsy Needle Set, Murphy

1, gauge 11, length 15 cm, William Cook Europe ApS, Bjaeverskov, Denmark) was used

for the fluoroscopy-guided needle introduction. The introduction of the

needle was performed on a biplane imaging system (Philips Integris BV5000,

Philips Medical Systems, Best, The Netherlands).

3DRX guided introduction

 A diamond tip needle (Osteo-Site Bone Biopsy Needle Set, Murphy 2, gauge

11, length 15 cm, William Cook Europe ApS, Bjaeverskov, Denmark) was used for the
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Figure one:  Target position in vertebral body (small circle): central in cranial-caudal direction

(left), central in left-right direction (right) and at 4/5 in posterior-anterior direction,

e.g. at 80 % of the line from posterior to anterior through the center of the vertebral body.

Figure two:  Patient reference frame attached to spinous process.
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navigated introduction procedure. A needle with side bevel, such as

used for the fluoroscopy-guided introduction, is not suitable for

navigation, as the asymmetric side bevel may cause the needle to bend

slightly, which degrades navigation accuracy. The diamond tip needle

has been designed to prevent bending.

 3DRX-navigated introduction started with attaching the patient

reference frame base rigidly to the spinous process of the vertebral body

that was to be percutaneously punctured (Figure 2), or one level above

or below. Next, a rotational run was acquired (Philips Integris BV5000, 200

images), the 3DRX image was reconstructed (256x256x256 voxels,

108.7x108.7x108.7 mm
3
 Field of View) (Figure 3), and transferred to and

loaded in the navigation software. Meanwhile, the patient reference

frame was attached to the base and the relation between patient and

image was determined. Next, the SureTrak instrument adapter (Medtronic

SNT) was attached to the needle (Figure 4), and the needle was

calibrated.

 The introduction was performed while using the navigation

system for visualization of the needle. The navigation system display

visualized two orthogonal planes parallel to and through the needle, and

a plane orthogonal to the needle at the needle tip (Figure 5).

Measurement of Radiation Exposure and Procedure Time

 Radiation exposure to the interventionalist and patient was

recorded using Thermo Luminescent Dosimeters (TLD, obtained from and

processed by NRG Arnhem, Arnhem, The Netherlands). For the interventionalist, a

TLD was attached to the back of the dominant hand. Two TLD were used

simultaneously in the fluoroscopy-guided procedures: one for recording

the radiation exposure during one needle introduction, and one for 5 – 8

consecutive needle introductions. Pilot experiments had shown that the

exposure during one introduction might be too small to reliably measure
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Figure three:  Volume rendering of a 3DRX image as acquired preoperatively.

Figure four:  Bone biopsy needle with SureTrak instrument adapter.
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with a TLD. For the 3DRX navigated procedures, only the second

approach was taken, as the expected exposure in one needle

introduction would be too small to measure with a TLD. Patient radiation

exposure was measured by attaching two TLD to the cadaver at the

level of the vertebral body to be operated on, one to the anterior body

wall and one to the posterior body wall. Additionally, fluoroscopy timings

as provided by the C-arm system were recorded.

 3DRX images (256x256x256 voxels, 108.7x108.7x108.7 mm
3
 Field of View)

of the vertebral body with the needle in place were acquired after needle

introduction and stylet removal to record the needle position. An

additional CT image was acquired after all needle introductions, using a

clinical multi-slice scanner (MX8000, IDT 16, Philips Medical Systems; 512x512

matrix size, 0.33–0.42 mm pixel size, 1.0 mm slice thickness and 0.5 mm slice spacing).

Needle placement was evaluated in a post processing step at two

locations: at the needle tip and in the pedicle. Measurements were

performed in multiplanar reconstructions of the 3DRX image using in-

house developed image processing software and manually pinpointing of

the locations. At the needle tip, the distance to the target point was

measured, and whether the needle tip was in the anterior 1/3 of the

vertebral body. In the pedicle, the distance to the closest point on the

medial pedicle cortex was measured, and whether the needle breaches

the cortex. For all needles with a distance to the medial pedicle cortex

larger than 5 mm, CT images were prepared that were blindly scored

(too lateral or correct) by interventionalists 2 on the needle position in

the pedicle. Similar blinded scoring was performed for a few needles

where the 3DRX data was not conclusive, e.g. because of artifacts

caused by the cannula (Figure 6).

 Preparation time for 3DRX navigation, i.e. attaching the reference

frames, imaging and needle calibration, was recorded by writing down



164

Figure five:  Interface of navigation software, with visualization of the vertebral body in several

multi planar reformats.

Figure 6: Example of 3DRX image (left) where the anatomy near the cannula is not clearly

depicted in the transversal plane because of reconstruction artifacts caused by the

cannula. The right image is the corresponding CT image, which depicts the anatomy and the needle

path better.
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the starting and end times. Needle introduction time was recorded for

both approaches.

Results

 The coupling of a fixed 3DRX C-arm system with a navigation

system enabled the display of the needle with respect to the 3D

anatomy on high quality 3D images without requiring a patient-to-image

registration step. Needle placement results for both approaches are

shown in Table 2. There was no significant difference (McNemar’s test)

in number of incorrectly placed needles, based on needle tip position.

None of the incorrectly placed needles punctured the vertebral body

cortex. For the needle position in the pedicle, costovertebral access,

although not transpedicular, if performed correctly, was not counted as

incorrect (too lateral) placement, as reaching the target position with

the needle tip was not feasible for all vertebral bodies.

 Table 3 shows the timing and radiation results for needles

introduced under fluoroscopic guidance and 3DRX navigation. Dose

values reported for the fluoroscopy-guided interventions are the values

measured with the TLD that were used per experiment. One TLD value

was discarded, as the measured dose was much larger than the other

values, and did not correspond to the values obtained with the TLD that

were used for several experiments nor with the fluoroscopy timings. The

mean value over the TLD that were used in several experiments is 0.15

mGy, which indicates that the TLD used to measure the hand dose

provide reliable values. Dose values reported for the 3DRX-navigated

interventions were measured with three TLD in eighteen interventions.

Here, also one value was discarded, as it was much larger than the

other values and not in correspondence with the fluoroscopy time. We
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expect those values to originate from incorrect handling or reading of

the TLD.

Table two: Results for needle placement, per interventionalist and overall.

(1) Determined using only those needles that were correctly placed in the pedicle.

needle tip needle in pedicle

not correctly

placed

target distance

(mm)

cortex distance

(mm)1

too

medial

too

lateral

Interventionalist 1

- Fluoroscopy

- 3DRX

2

1

7.0 ± 3.4

6.6 ± 3.9

1.9 ± 2.4

1.9 ± 1.6

7

0

1

2

Interventionalist 2

- Fluoroscopy

- 3DRX

3

1

6.9 ± 3.0

6.7 ± 3.7

2.3 ± 1.2

2.4 ± 2.2

1

0

0

2

Combined 1 & 2

- Fluoroscopy

- 3DRX

5

2

6.9 ± 3.1

6.7 ± 3.7

2.2 ± 1.6

2.2 ± 1.9

8

0

1

4

Table three: Results for introduction time and radiation, per interventionalist and overall.

* denotes significant difference between introduction methods (paired 2-sided T-test on mean

value).

preparation

time (min)

introduction

time (min)

fluoroscopy

time (min)*

dose

interventionalist

(mGy)

dose

patient

(mGy)*

Interventionalist 1

- Fluoroscopy

- 3DRX

-

14 ± 4.3

3.5 ± 1.6

4.2 ± 1.7

0.35 ± 2.4

0.18 ± 1.6

0.021 ± 0.021

0

1.8 ± 0.96

9.1 ± 2.6

Interventionalist 2

- Fluoroscopy

- 3DRX

-

17 ± 3.8

6.5 ± 2.9

6.2 ± 3.1

2.3 ± 1.0

1.0 ± 0.9

0.028 ± 0.31

0.01

9.2 ± 8.8

9.0 ± 2.6

Combined 1 & 2

- Fluoroscopy

- 3DRX

-

15 ± 4.3

5.0 ± 2.8

5.2 ± 2.7

1.3 ± 1.2

0.62 ± 0.8

0.015 ± 0.25

0.005

5.5 ± 8.9

9.1 ± 3.5

Discussion

Feasibility

 Our experiments have shown that needle introduction under

3DRX navigation is feasible: the instrument can be adequately visualized
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in relation to the 3D patient anatomy using multiple reformats of the

3DRX data of the vertebral body.

 A major problem in 3DRX navigation is tracking of patient

motion: the rigid attachment of a reference frame to the spinous

process is an invasive procedure and a large disadvantage when

compared to fluoroscopic guidance. A better solution for patient tracking

might be the application of electromagnetic tracking. This allows for tiny

markers to be attached percutaneously, and has been feasible for

interventional radiological procedures (15). The real value of

electromagnetic tracking for spinal interventions, however, remains to

be investigated.

Needle position

 Advocates of navigation technology usually claim that application

of navigation technology improves the accuracy of the interventions. Our

results show no difference in needle tip placement accuracy. This

indicates that assessing the target position was not easier on the

visualizations offered by the navigation compared with biplane

fluoroscopy. However, given the accuracy of 1 mm in 3DRX navigation

phantom studies (14), we hypothesize that a higher accuracy could be

achieved if planning would be integrated, and if the target position

would be visible in the 3DRX data while doing the intervention. Such a

setup is feasible, and would be appropriate if the needle introduction

would be performed not for vertebroplasty, but e.g. to take a biopsy at a

specific location.

 The results for the position of the needle through the pedicles in

the fluoroscopy-guided introductions differ between interventionalists:

eight needles introduced by interventionalist 1 violated the pedicle

cortex (seven medial, one lateral) while one needle introduced by

interventionalist 2 violated the (medial) cortex. These statistically
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significant differences (Fisher’s test) can be explained by the difference

in experience in percutaneous needle introduction of both

interventionalists. In the 3DRX-navigated needle introductions, no

difference between the results of the needle placement in the pedicle

was observed. For interventionalist 1, this implies a significant

improvement (McNemar’s test) when compared with fluoroscopic

guidance, whereas for interventionalist 2 the results are equivalent. This

shows that for interventionalists with less experience in percutaneous

needle introduction, 3DRX navigation allows improving the positioning of

the needle with respect to the pedicle. Whether or not additional

technology such as a navigation system is a suitable substitute for

training is an open question, but it can be expected that advances in

technology will change the expertise that is required for interventional

procedures.

 Four of the needles that were not correctly introduced through

the pedicle by interventionalist 1 were all introduced in the same

cadaver. The spinal anatomy of this cadaver was hard to visualize

appropriately with fluoroscopy. This is confirmed by the results of

interventionalist 2, whose only incorrectly placed needle under

fluoroscopic guidance was in the same cadaver, and also by the results

of the needle tip placement: all five under fluoroscopic guidance

introduced needles that did not reach the target zone were also in this

cadaver. This suggests that better visualization is easier obtained with

3DRX images, and that the improved visualization, as provided by 3DRX

images, contributes to the improved results of interventionalist 1.

Radiation exposure

 Table 2 shows, for fluoroscopic guidance, significantly less

fluoroscopy time and dose to the interventionalist and the patient (i.e.,

the cadaver) for interventionalist 1 than for interventionalist 2. This may
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be another reason for the better performance of interventionalist 2 in

the needle placement. As the radiation values obtained for

interventionalist 2 are in accordance with previous studies (8), we will

consider the radiation values of interventionalist 2 as representative for

fluoroscopy-guided introductions.

 Table 2 also shows that the interventionalist benefited from 3DRX

navigation. The average fluoroscopy time was significantly less, which

implies that the radiation exposure to the interventionalist is

significantly less. This is also shown by the average hand dose exposure

numbers, which were less for the 3DRX navigated cases; this difference,

however, was not statistically significant because of the limited number

of samples.

 The radiation doses for the patient were not conclusive: the

average dose for interventionalist 2 is equivalent (9 mGy). However,

frequently in vertebroplasty procedures more than one level is

treated (16), and sometimes a bilateral, bipedicular access is used

(although some use the unipedicular approach (17, 18)). In our study,

the preoperative 3DRX image generally contained three complete

vertebral bodies. With only one 3DRX run needles can be placed in all

those three levels when using 3DRX navigation, without increasing

radiation exposure to interventionalist and patient, whereas the

fluoroscopy procedure will require additional radiation for each new

needle placement. Therefore, in some clinical situations, patient

radiation dose will probably be lower using 3DRX navigation.

Navigation and logistics

 There was no significant difference in the average introduction

times of both approaches for both interventionalists. Apparently, the

visualization of the 3DRX image data did show clearly where the needle

was going, but it did not help much in more efficiently reaching the
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introduction point and optimal orientation of the needle. One

explanation could be that the needle introduction under fluoroscopic

guidance was already efficient, and that there was not much to be

gained here.

 The average preparation time for 3DRX navigation was

approximately 16 minutes, which implies a substantial increase of the

duration of the intervention. As discussed before, in case of more than

one needle placement this relatively lost time will be insignificant or will

actually decrease the operation time when more than one needle will be

placed in the same or adjacent vertebral bodies making use of the same

3DRX image data. Part of the preparation time is caused by the

experimental setup we used (3DRX image handling and needle

calibration), and will not be present in a clinical situation. Attaching of

the dynamic reference frame to the patient and imaging the patient and

3DRX image reconstruction, however, are steps that will always be

required. Therefore, some preparation time will still remain, even in

more streamlined setups.

 Known problems with navigational approaches are loosening of

the dynamic reference frame, and line-of-sight problems with the optical

tracking system. In our experiments, no patient or instrument reference

frame loosening occurred during the interventions, but given the

relatively large frame outside the patient, loosening or collision with

other instruments is not impossible.

 Some line-of-sight problems did occur in our setup. In these

cases, the reference frames of the patient and the needle did interfere.

Rotating the needle or repositioning the camera, which was positioned

at the foot end of the patient, over a small distance was enough to solve

these problems.
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Conclusion

 Our study shows that navigation on 3DRX image data is feasible

for transpedicular percutaneous needle introduction: it enables

visualization of the needle in relation to the 3D patient anatomy through

multiplanar reconstructions of 3DRX images of the vertebral body, with

a trivial and noninvasive step to relate the image data to the patient.

Largest problem in the navigation approach is tracking of patient

motion, for which the current solution is invasive. Another disadvantage

of 3DRX navigation is the longer preparation time compared to

fluoroscopic guidance.

 Our study also shows that 3DRX navigation has two distinct

advantages when compared to fluoroscopic guidance: the improved

visualization allows less experienced interventionalists to obtain good

needle placement results, and the interventionalist is exposed to less

radiation. Additionally, when more than one needle is introduced, the

patient is also exposed to less radiation.
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 Percutaneous vertebroplasty (PV) literary means augmentation of

the vertebral body through the skin. The main goal of PV is partial or

complete pain relief. Nowadays, the most frequent indication for

treatment with PV is a painful, invalidating osteoporotic vertebral

compression fracture (VCF), not responding to conservative treatment.

In PV of osteoporotic VCF the vertebral body is stabilized by the

injection of bone cement into the collapsed vertebral body. In patients

with painful, invalidating osteoporotic VCF, PV is the first therapy that is

directly aimed at the source of back pain: the vertebral fracture.

 The technical aspects of the PV procedure have been scientifically

investigated and are optimized during the last 25 years. The

complication risk of the procedure is low and depends mainly on the

experience of the operator, the used inclusion criteria, an optimal

fluoroscopy and the materials used. Less studied is the clinical outcome

of the PV treatment in patients with painful osteoporotic VCF. In

general, the literature results show that about 90% of patients treated

by PV experience relief or a significant reduction in pain. However, the

majority of these outcomes from are the results from retrospective

clinical studies. In this thesis the results from a review of the literature,

a short term prospective pilot study, a longitudinal prospective follow-up

study in the largest patient population to date and a randomized

comparative trial comparing PV with optimal pain medication in the first

two weeks after initiation of treatment are described.

 Up to now, patients with osteoporotic VCF have to comply with a

triad of inclusion criteria to be selected for PV: a proven VCF on a

radiodiagnostic examination, the back pain has to correspond to the

level of the VCF on (fluoroscopic guided) physical examination and a

Magnetic Resonance Imaging (MRI) scan has to show bone marrow

edema (BME) in the involved vertebral body. Although the presence of

BME is one of the most important selection criteria for PV, no
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prospective study has evaluated the difference in clinical outcome of

patients with and without BME in painful osteoporotic VCF on

preprocedural MRI. In the postprocedural follow-up after PV the

evolution of BME in the follow-up of patients treated with PV has not

been studied. Moreover, the relation of BME on follow-up MRI with the

clinical outcome of PV is unknown. These aspects of BME on pre- and

postprocedural MRI in treated osteoporotic VCF are clarified in this

thesis.

 New VCF at another, initially intact vertebral level during follow-

up after PV happens on a regular basis. Most physicians consider the

occurrence of new VCF as a late complication of PV and suggest that the

PV induces new VCF to arise. Few studies have evaluated the incidence

of new VCF after PV. In this thesis the incidence, location, risk factors

and possible causative mechanisms of the occurrence of new VCF after

treatment with PV are described.

 One of the future applications of minimal invasive therapies is

three-dimensional rotational X-ray (3DRX) guided interventional

procedures as an alternative for fluoroscopic guidance. In spine

intervention, one might expect that such a navigation device provides a

more precise needle placement in a vertebral body or vertebral lesion.

Besides, the radiation dose for the operator will probably be lower. The

feasibility of 3DRX navigated needle placement in vertebral bodies in a

cadaver study is evaluated in this thesis.

 In chapter one a short overview of the PV treatment in patients

with painful osteoporotic VCF is outlined. The history of PV, indications

for treatment, patient selection criteria, technique, results and

complications as well as future developments are summarized.

Chapter two evaluates prospectively the short term safety and

effectiveness of PV in 18 patients with 33 osteoporotic VCF with a follow-
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up of three to six months. PV was technically successful in 31 of 33

treated VCF (94%) in 16 of 18 patients (89%). One patient with

extreme venous contrast leakage was not treated. Sixteen patients had

less or no pain after treatment. PV was technically feasible in all of these

patients. Short term results were comparable with the literature.

 In chapter three the literature is reviewed from January 1985

until August 2002 to determine the effectiveness and safety of PV in

patients with painful osteoporotic VCF. Included were studies in which at

least ten patients with osteoporotic VCF were treated by PV. Twelve

studies met the inclusion criteria. Pain relief was seen in 60-100% of

patients within the first 24 hours and this result improved to 78-100%

of patients long term (maximum 4 years). Complications immediately

after the procedure were related to cementleakages and were mostly of

no clinical consequence. Serious complications such as pulmonary

embolism were rare. Long term, PV was associated with an increased

risk of fractures in adjacent vertebrae. A prospective randomized clinical

intervention study was not published.

Chapter four prospectively assessed the short, mid and long term

pain relief in 112 patients with 168 osteoporotic VCF after PV. Visual

Analog Score (VAS) for pain at the treated vertebral level, analgesic use

and satisfaction with outcome was evaluated during serial follow-up at

24 hours, three, six and 12 months and in a minority of patients at 1 – 3

years. The study showed that after PV, VAS for pain at treated vertebral

levels and the use of analgesics was significantly less compared to

scores before treatment at every follow-up period. Within 24 hours

postprocedure, the decrease in all scores was less compared to the

scores at later follow-up periods, but this was not statistically significant.

The preprocedural mean VAS was 8.8. At follow-up, the mean VAS was

between 2.5 and 3.3. Shortly after PV, patients used significantly less

analgesics and 86% of patients were satisfied with the outcome. At mid
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and long term follow-up, patients used even less analgesics and 95-

100% of patients were satisfied with their outcome. Procedure related

complications with clinical consequence occurred in three patients

(2.7%): one patient experienced a cardiovascular reaction, one patient

had a pedicle chip fracture and another a rib fracture. In conclusion, PV

of painful osteoporotic VCF provides immediate and long lasting pain

reduction in nearly all treated patients.

 In chapter five the results from the first (as far as we are aware)

randomized clinical trial in PV, the VERTOS, are described. This

prospective study assessed the short term clinical outcome of patients

with painful osteoporotic VCF treated with PV compared to optimal pain

medication (OPM). Patients were randomized in two groups: treatment

with PV or OPM. After two weeks of conservative treatment, patients

from the OPM arm could request treatment with PV (“cross-over”). The

patients were evaluated one day and two weeks after treatment. VAS

for pain, analgesic use, QUALEFFO and Roland Morris Disability (RMD)

questionnaire scores were assessed. The follow-up scores in patients

requesting PV treatment after two weeks OPM treatment were compared

to scores during their OPM period. The study showed that the patients

treated with PV compared to the patients treated with OPM had a

significantly better VAS and used less analgesics one day after

treatment. Two weeks after treatment the mean VAS was less in

patients after PV, but was not statistical significantly different from

patients treated with OPM, whereas the patients after PV used

significant less analgesics and had better QUALEFFO and RMD scores.

The scores in the PV arm were influenced by the occurrence of new VCF

in two patients. With exclusion of the results of these two patients, VAS

after two weeks in the PV arm was significantly better compared with

VAS in patients from the OPM arm. After two weeks of OPM, 14 of 16

patients requested PV treatment. All scores, one day and two weeks
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after PV, were significantly better compared to the scores during their

OPM treatment. In conclusion, pain relief and improvement of mobility,

function and stature of the spine after PV is immediate and significantly

better on short term compared to OPM treatment.

 In chapter six the clinical relevance of bone marrow edema

(BME) in osteoporotic VCF detected by MRI as selection criterion for PV

is clarified. From a cohort of patients with painful VCF selected for PV,

the pain response in 14 patients with absent BME in VCF was

prospectively compared with the pain in 31 patients with full BME in

VCF. Pain was evaluated before PV and at one and three months after

PV with VAS and analgesic use. Back pain in general and at treated

vertebral levels were assessed. The study showed that pain decrease

after PV at treated levels was observed in ten (71%) patients with

absent BME in VCF at both follow-up periods and in 29 (94%) patients

with full BME one month after PV and 30 (97%) at three months follow-

up. The differences between both groups were significant (p=0.04 at 1

month; p=0.01 at 3 months). The pain response was not affected by

other patient or imaging characteristics. General back pain after PV was

comparable in both groups at follow-up (p=0.08 at 1 month; p=0.4 at 3

months). In conclusion, pain decrease after PV in patients with VCF is

more frequently observed when full BME is present on preprocedural

MRI. Since 71% of patients with osteoporotic VCF with absent BME

responded favorably on pain, PV should not be withheld based on

absence of BME alone.

Chapter seven describes the evolution of BME in osteoporotic VCF

after PV and its relation with relief of pain. The changes in BME on MRI

at three, six and 12 months following PV and related changes in pain

and analgesic use over time were prospectively assessed in 64 patients

after PV of 89 VCF. Pain was assessed before and at every follow-up

interval after PV with VAS for pain and the type of analgesic used. The
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relation between changes in BME and pain was assessed in a subgroup

of 31 patients with one single treated VCF and neither new VCF at

follow-up nor pain at another untreated level. The study showed that

BME gradually decreased over time. At one year after PV, 29% of

treated VCF still demonstrated BME. Once BME disappeared, it did not

return. Pain relief was most striking the first three months after PV and

remained at constant level thereafter. There was no relation between

relief of pain and extent, presence or absence of BME after PV. In

conclusion, a gradual decrease of BME in osteoporotic VCF treated with

PV is apparent during 12 months MRI follow-up. Decrease of BME is

unrelated to relief of pain.

 In chapter eight the incidence, location and possible causative

mechanisms of new VCF in 66 symptomatic patients treated with PV of

102 painful osteoporotic VCF and the relation between new VCF and

back pain symptoms, were assessed. All patients had baseline total

spine MRI. Three, six and 12 months after PV total spine MRI scans were

made to locate new VCF. VAS for pain and pain medication consumption

were used to assess the clinical outcome. The following characteristics

were compared in patients with new VCF versus patients without new

VCF after PV: age, sex, presence of secondary osteoporosis, bone

mineral density, number of pre-existing VCF, vertebral shape and grade

of VCF, type of bone cement used for PV, volume of injected cement,

and cementleakage in the intervertebral disc space. The study showed

that 16 of 66 patients had 26 new VCF (24%) during one year follow-up

after PV. Most new VCF occurred within three months of PV. Half of new

VCF appeared in levels adjacent to treated levels and half of the new

VCF were symptomatic. More than two pre-existing VCF was the only

independent risk factor for the development of new VCF. It is discussed

that PV seems to have some influence on the occurrence of adjacent

new VCF. However, the underlying disease, osteoporosis, has probably
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more impact, because the incidence of new VCF after PV during one year

follow-up is comparable to the incidence in the natural history of

osteoporosis after initial VCF.

 Chapter nine investigated the feasibility of navigation on three

dimensional rotational X-ray (3DRX) data for transpedicular

percutaneous needle introduction and compared navigation on 3DRX

data with conventional fluoroscopic guidance. A navigation system was

coupled to a 3DRX imaging system. In a cadaver study, 60 biopsy

needles were introduced in 30 vertebral bodies by two interventionalists,

with different qualifications, using either fluoroscopic guidance or

navigation with 3DRX data. Radiation exposure, fluoroscopy time,

needle introduction time and needle positions were evaluated

quantitatively. The study showed that for 3DRX navigation, the needle

placement was equivalent for both interventionalists. For fluoroscopic

guidance, the interventionalist with less experience in percutaneous

procedures had significantly more pedicle cortex violations. The

radiation exposure of the interventionalists is less for 3DRX navigated

needle introductions. In conclusion, navigation with 3DRX image data is

feasible for transpedicular percutaneous needle introduction, and has

two advantages over fluoroscopic guidance: it poses less strict

requirements on the expertise of the interventionalist and it reduces the

radiation exposure to the interventionalist.
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General discussion and guidelines

 Percutaneous vertebroplasty in patients with painful osteoporotic

VCF is a safe and effective treatment to relief patients of their (back)

pain. Each year 16.000 new osteoporotic VCF occur in the Netherlands.

Most of these VCF can be treated conservatively, but a substantial part

of patients will be helped with PV treatment. The clinical results of this

thesis demonstrated that PV provides immediate and significantly better

pain relief compared to optimal pain medication short term after

treatment. In addition, PV results in the improvement of mobility,

function and stature. The prospective follow-up study after PV showed

that these results are long lasting at mid and long term after PV.

Although these results seem to be in favor of PV as treatment of painful

osteoporotic VCF, more randomized clinical trials (RCT) are needed to

support this view. It is still unknown at what moment after initial

vertebral fracture a PV has to be performed and which patients will

benefit from this treatment compared to conservative treatment. In a

future prospective RCT no cross-over from one arm to the other can be

accepted. In addition, such a study has to be performed in a large

population in patients with vertebral fractures of various ages. Another

RCT could be a sham trial, in which the one arm has a cementation after

percutaneous needle placement and in the other arm no cement is

injected. For the time being, PV should be reserved for carefully selected

patients in whom conservative therapy has not been effective to treat

their pain.

 An important disadvantage of our prospective comparative

randomised VERTOS trial has been that the three participating groups

execute pioneering work in the field of PV in their countries. Being

tertiary referral centres, referred patients, who were mostly long time

conservatively treated, were sent specifically for a PV. In these cases
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randomisation was impossible. A second shortcoming results from the

underdiagnosing of osteoporotic VCF. Most patients with a osteoporotic

VCF are not treated or get a delayed treatment. On top, traditionally in

the Netherlands the general practitioner takes care of these patients.

Patients are seldom referred to a hospital. Only by way of active

recruitment of patients with a VCF on a spine X-ray, an alternative pain

treatment to the conservative options can be offered in patients in a

(relative) early phase. Another problem to conduct a randomised trial is

the age of the patients and the concomitant physical and social

problems. In most cases, patients are willing to undergo a treatment,

but not willing to be followed intensely afterwards with examinations

and questionnaires. More so, when patients live faraway from the

hospital. Finally, nearly all patients randomised in the OPM arm

requested a PV two weeks after start of the study. We expected only a

few “cross-over” patients, i.e. those with still invalidating pain. Although

PV is known for over 25 years as pain treatment, no randomised

comparative trials have been successfully performed up to now in the

rest of the world (as far as we are aware), probably because of one or

more of the outlined logistic study shortcomings. Currently a new

prospective randomised comparative study is being conducted by us

that overcomes most of the logistic shortcomings of the first study, the

VERTOS II trial. In this trial, patients are actively recruited from the

moment that a VCF is observed on a spine X-ray and there is no “cross-

over” possibility. Next to the three centres from the first trial, some

additional centres, in the beginning of their PV practice, participate in

this new trial.

 The results from this thesis have shown that the presence of BME

on MRI is important in the preprocedural selection of patients. Although

the patient population was small and the VCF had either full or absent

BME, the difference in clinical outcome was significant. However, a



183

substantial part of patients without BME in treated VCF also improved

after PV. Moreover, the results from patients with various grades

between 0 – 100 % of BME in VCF were not evaluated. In conclusion,

the presence of full BME seems to be an important inclusion criterion for

a PV treatment, but total absence of BME or presence of some BME on

preprocedural MRI is no absolute exclusion criterion for a PV treatment.

 In the postprocedural follow-up after PV, a gradual decrease in

BME is seen on spinal MR images up to one year after PV. This decrease

of BME is not related with relief of pain after PV. Therefore, the presence

of BME in treated VCF on follow-up MRI after PV is a normal finding.

Routine follow-up MRI seems inappropriate in the follow-up of patients

after PV, since this diagnostic examination has no clinical consequence.

 After PV of osteoporotic VCF, new VCF at other initially intact

levels occur in 24%. Half of these new VCF arise in adjacent levels and

half are associated with minor or no pain symptoms. The only

independent risk factor for the development of new VCF was the

presence of more than two pre-existing VCF. Patients with several VCF

have to be informed of their increased risk and have to be followed

strictly for at least one year. It is also very important to treat the

osteoporosis with medication to reduce the risk of future fractures in all

patients with osteoporotic VCF treated by PV. The influence of PV on the

development of new VCF is probably small, since the incidence is not

different from the occurrence of new VCF after initial VCF in patients

with osteoporotic VCF, not treated by PV. However, a future RCT in a

large study population and with a follow-up of minimally one year is

needed to confirm this observation. Another finding of this follow-up

study was that prophylactic treatment of intact vertebral bodies

positioned directly between two collapsed VCF, is unjustified. PV is only

warranted in the treatment of symptomatic VCF.
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 Percutaneous needle placement by 3DRX navigation is feasible.

This method is more precise and the radiation dose for the operator is

less compared to fluoroscopic guidance. At this moment this new

interventional tool is not useful in daily practice, but it seems promising

to use in future interventional spine procedures. Some examples of

future applications are the treatment of VCF that are poorly visible on

fluoroscopic guidance (i.e. upper thoracic VCF), or precise needle

placement in vertebral tumor lesions and in other spinal or paraspinal

lesions. In combination with 3D roadmapping and CT, precise biopsy and

exact cement placement will be possible. Hopefully, these future

directions will lead to an even more safe and effective procedure.

 In overall conclusion, treatment with percutaneous

vertebroplasty in patients with osteoporotic vertebral compression

fractures seems to result in a significant and long lasting pain relief in

most cases. However, future randomized trails need to establish in

which patients and when such a treatment is advantageous compared to

the present noninvasive pain therapies.



185

Samenvatting –

Algemene discussie en richtlijnen
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 Percutane vertebroplastiek (PV) betekent letterlijk door de huid

heen het wervellichaam verstevigen. Het primaire doel van de

behandeling met PV is het compleet doen verdwijnen of verminderen

van de (rug)pijn. Tegenwoordig is de meest frequente indicatie voor een

PV behandeling een pijnlijke, invaliderende osteoporotische wervel

inzakkingfractuur (WF) die niet reageert op conservatieve

behandelingen. Door het inbrengen van botcement in het ingezakte

wervellichaam wordt bij PV de osteoporotische WF gestabiliseerd. PV is

daarmee de eerste therapie die direct gericht is op de oorzaak van de

pijn: behandeling van de wervelfractuur zelf.

 De technische aspecten rond de PV procedure zijn gedurende de

afgelopen 25 jaar wetenschappelijk onderzocht en geoptimaliseerd. De

complicatierisico’s van de procedure zijn laag en zijn voornamelijk

afhankelijk van de ervaring van de operateur, de toegepaste

inclusiecriteria, een optimale röntgendoorlichting en het gebruikte

materiaal. Minder goed onderzocht is de klinische uitkomst van PV bij

patiënten met pijnlijke osteoporotische WF. In het algemeen wordt in de

literatuur aangenomen dat ongeveer 90% van de patiënten behandeld

met PV geen pijn meer heeft of een significante pijnvermindering

aangeeft. De meerderheid van deze resultaten zijn echter afkomstig van

retrospectieve studies. In dit proefschrift worden achtereenvolgens de

resultaten beschreven van een literatuurstudie, een korte termijn

prospectieve “pilot” studie, een longitudinale prospectieve follow-up

studie in de grootste patiëntenpopulatie tot nu toe in de literatuur en

een gerandomiseerd prospectief klinisch onderzoek waarin PV wordt

vergeleken met optimale pijnmedicatie behandeling in de eerste twee

weken na een van beide behandelingen.

 Tot op heden moeten patiënten die in aanmerking willen komen

voor een PV behandeling voldoen aan een trias van inclusiecriteria: een

bewezen WF op een radiodiagnostisch onderzoek, de pijn moet
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overeenkomen met het niveau van de WF tijdens lichamelijk onderzoek

(onder röntgendoorlichting), en het bewuste wervellichaam moet

botoedeem tonen op MRI onderzoek. Hoewel de aanwezigheid van

botoedeem als één van de meest belangrijke selectiecriteria wordt

beschouwd voor het ondergaan van een PV, heeft geen enkele

prospectieve studie een verschil aangetoond in klinische uitkomst tussen

patiënten met en zonder botoedeem in een pijnlijke osteoporotische WF

op een preprocedurele MRI. De evolutie van botoedeem in behandelde

WF tijdens de postprocedurele follow-up na PV is ook nog nooit

onderzocht. Bovendien is de relatie tussen het aspect van botoedeem op

follow-up MRI en de klinische uitkomst na PV niet bekend. Deze

aspecten van botoedeem op de pre- en postprocedurele MRI in

behandelde osteoporotische WF met PV worden opgehelderd in dit

proefschrift.

 Het optreden van nieuwe WF in onbehandelde, initieel intacte

wervels tijdens de follow-up van WF behandeld met PV komt regelmatig

voor. De meeste artsen beschouwen het optreden van nieuwe WF als

een late complicatie van de PV behandeling en suggereren dat de PV het

ontstaan van nieuwe WF induceert. Slechts weinig studies hebben de

frequentie van nieuwe WF na PV onderzocht. In dit proefschrift worden

de incidentie, de plaats, de risicofactoren en de mogelijke oorzakelijke

mechanismen van het ontstaan van nieuwe WF na PV beschreven.

 Eén van de toekomstige ontwikkelingen op het gebied van de

minimaal invasieve therapieën is de driedimensionale rotatie

Röntgenstralen (3DRX) genavigeerde interventie als alternatief voor

interventie onder röntgendoorlichting. Bij wervelkolominterventies kan

men verwachten dat een dergelijke navigatie applicatie een meer

precieze naaldplaatsing in het wervellichaam of een wervellaesie

mogelijk maakt. Bovendien is de stralingsbelasting waarschijnlijk veel
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lager voor de operateur. De uitvoerbaarheid van 3DRX genavigeerde

naaldplaatsing in een kadaverstudie wordt in dit proefschrift beschreven.

 In hoofdstuk één wordt een kort overzicht van de behandeling

met PV van patiënten met pijnlijke osteoporotische WF gegeven. De

geschiedenis van PV, de indicaties voor behandeling, patiëntselectie,

techniek, resultaten en complicaties als ook toekomstige ontwikkelingen

worden samengevat.

Hoofdstuk twee evalueert prospectief de korte termijn veiligheid

en effectiviteit van PV bij 18 patiënten met 33 osteoporotische WF met

een follow-up van drie tot zes maanden. PV was technisch succesvol in

31 van 33 behandelde WF (94%) in 16 van de 18 patiënten (89%). Eén

patiënt met extreme veneuze contrastlekkage werd niet behandeld.

Zestien patiënten hadden minder of geen pijn na behandeling. PV was

technisch goed uitvoerbaar in deze patiënten. De korte termijn

resultaten waren vergelijkbaar met de literatuur.

 In hoofdstuk drie wordt de literatuur nagekeken van januari 1985

tot augustus 2002 ter bepaling van de effectiviteit en veiligheid van PV

in patiënten met pijnlijke osteoporotische WF. Studies waarin tenminste

tien patiënten met osteoporotische WF werden behandeld met PV

werden geïncludeerd. Twaalf studies voldeden aan de inclusiecriteria.

Pijnvermindering werd gezien in 60 – 100% van de patiënten binnen de

eerste 24 uur en op lange termijn (tot maximaal 4 jaar) verbeterde dit

naar 78 – 100% van de patiënten. Complicaties direct na de procedure

werden veroorzaakt door cementlekkages en waren meestal zonder

klinische gevolgen. Ernstige complicaties, zoals longembolie, traden

zelden op. Op lange termijn werd een verhoogd risico op fracturen in

aangrenzende wervels gezien na PV. Een prospectieve gerandomiseerde

klinische interventiestudie werd nog niet gepubliceerd.
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 In Hoofdstuk vier wordt prospectief de korte, midden lange en

lange termijn pijnvermindering bepaald bij 112 patiënten met 168

osteoporotische WF na PV. De Visueel Analoge Score (VAS) voor pijn ter

plaatse van het behandelde niveau, het pijnmedicatie gebruik en de

tevredenheid met de uitkomst werden geëvalueerd gedurende seriële

follow-up: 24 uur, drie, zes en 12 maanden en in een minderheid 1 – 3

jaar na PV. De studie toonde aan dat na PV de VAS voor pijn en het

pijnmedicatie gebruik significant minder was vergeleken met de scores

vooraf op elk follow-up moment. Binnen 24 uur na de procedure was de

afname in alle scores wat minder vergeleken met de betere scores in

latere follow-up periodes, maar dit was niet statistisch significant. De

preprocedurele gemiddelde VAS was 8.8. Gedurende de follow-up was

de gemiddelde VAS tussen de 2.5 en 3.3. Vlak na PV gebruikten

patiënten significant minder analgetica en 86% van de patiënten was

tevreden met de uitkomst. Tijdens de midden lange en lange termijn

follow-up gebruikten de patiënten nog minder analgetica en 95-100%

van de patiënten waren tevreden met de uitkomst. Procedure

gerelateerde complicaties met klinische gevolgen traden op in drie

patiënten (2.7%): één patiënt kreeg een cardiovasculaire reactie, één

patiënt een pedikel chipfractuur en een ander een ribfractuur.

Concluderend verschaft PV in pijnlijke osteoporotische WF onmiddellijke

en langdurige pijnvermindering in bijna alle behandelde patiënten.

 In hoofdstuk vijf worden de resultaten beschreven van de eerste

(voor zover ons bekend) gerandomiseerde klinische trial in PV, de

VERTOS. In deze prospectieve studie werd de korte termijn klinische

uitkomst bepaald bij patiënten met pijnlijke osteoporotische WF

behandeld met PV vergeleken met optimale pijnmedicatie (OPM). De

randomisatie van patiënten gebeurde in twee groepen: behandeling met

PV of OPM. Patiënten uit de OPM groep hadden de mogelijkheid om na

twee weken conservatieve behandeling een behandeling met PV te
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ondergaan indien zij dit uitdrukkelijk wensten. Alle patiënten werden

één dag en twee weken na behandeling geëvalueerd. VAS voor pijn,

analgeticagebruik, en QUALEFFO en Roland Morris Disability (RMD)

vragenlijsten werden beoordeeld. De follow-up scores van de patiënten

die verzochten om na twee weken OPM therapie over te gaan op

behandeling met PV, werden vergeleken met de scores gedurende hun

OPM periode. De studie toonde aan dat de patiënten behandeld met PV

vergeleken met de patiënten behandeld met OPM een significant betere

VAS hadden en minder analgetica gebruikten één dag na aanvang van

de behandeling. Twee weken na aanvang van de behandeling was de

gemiddelde VAS minder in patiënten na PV, maar was niet statistisch

significant verschillend van de patiënten behandeld met OPM, terwijl de

patiënten na PV significant minder analgetica gebruikten en betere

QUALEFFO en RMD scores hadden. De scores in de PV groep werden

beïnvloed door het optreden van nieuwe WF bij twee patiënten. Indien

de resultaten van deze twee patiënten werden uitgesloten, was de VAS

na twee weken significant beter in de patiënten na PV vergeleken met

de patiënten na OPM. Na twee weken OPM behandeling verzochten 14

van de 16 patiënten alsnog een PV behandeling te ondergaan. Alle

scores één dag en twee weken na PV waren significant beter vergeleken

met de scores gedurende de conservatieve therapie in deze patiënten.

Concluderend treedt zowel de pijnvermindering, als de verbetering in

mobiliteit, functie en houding van de rug na PV onmiddellijk op en is

deze significant beter op korte termijn vergeleken met OPM therapie.

 In hoofdstuk zes wordt de klinische betekenis van botoedeem op

MRI in osteoporotische WF  opgehelderd als selectiecriterium voor PV.

Uit een cohort van patiënten met pijnlijke WF geselecteerd voor PV werd

de pijnrespons van 14 patiënten met afwezigheid van botoedeem in de

behandelde WF prospectief vergeleken met de pijn van 31 patiënten met

volledig botoedeem in de behandelde WF. Pijn werd gemeten
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voorafgaand aan de PV en na één en drie maanden na PV met behulp

van de VAS en analgeticagebruik. Zowel rugpijn in het algemeen als pijn

ter plaatse van de behandelde WF werden geëvalueerd. De studie

toonde aan dat tien patiënten (71%) met afwezigheid van botoedeem in

hun WF op beide follow-up momenten pijnvermindering na PV ter

plaatse van de behandelde WF hadden, terwijl pijnvermindering in 29

patiënten (94%) met volledig botoedeem één maand na PV optrad en in

30 patiënten (97%) tijdens de drie maanden follow-up. De verschillen

tussen beide groepen waren significant (p=0.04 op 1 maand; p=0.01 op

3 maanden). De pijnrespons werd niet beïnvloed door andere patiënt of

wervelkarakteristieken. De algemene rugpijn na PV was vergelijkbaar in

beide groepen tijdens de follow-up. Concluderend wordt afname van pijn

na PV bij patiënten met osteoporotische WF frequenter gezien wanneer

volledig botoedeem aanwezig is op MRI voorafgaand aan de PV.

Aangezien 71% van de patiënten met WF zonder botoedeem

pijnvermindering hadden na PV, kan een patiënt een behandeling met

PV niet ontzegd worden alleen op basis van afwezigheid van botoedeem.

Hoofdstuk zeven beschrijft de evolutie van botoedeem in

osteoporotische WF na PV en de mogelijke relatie met pijnvermindering.

De veranderingen in botoedeem op MRI drie, zes en 12 maanden na PV

en gerelateerde veranderingen in botoedeem met veranderingen in pijn

en analgeticagebruik in de loop van de tijd werden prospectief bepaald

in 64 patiënten na PV van 89 WF. De mate van pijn werd voorafgaand

en op elk follow-up interval na PV gemeten met de VAS voor pijn en het

gebruikte type analgetica. De relatie tussen veranderingen in botoedeem

en pijn werd geëvalueerd in een subgroep van 31 patiënten met één

enkele behandelde WF en zonder nieuwe WF of pijn op een ander niveau

tijdens de follow-up. De studie toonde aan dat botoedeem geleidelijk

afnam in de loop van de tijd. Botoedeem was nog steeds zichtbaar op

MRI in 29% van de behandelde WF één jaar na PV. Wanneer botoedeem



192

verdwenen was, bleef het ook weg. Pijnvermindering trad vooral de

eerste drie maanden na PV op en bleef op constant niveau daarna. Er

was geen relatie met pijnvermindering en uitgebreidheid, aanwezigheid

of afwezigheid van botoedeem op MRI na PV. Concluderend is er een

geleidelijke afname van botoedeem in osteoporotische WF behandeld

met PV aanwezig gedurende 12 maanden follow-up. Afname van

botoedeem is niet gerelateerd aan pijnvermindering.

 In hoofdstuk acht worden de incidentie, locatie en mogelijke

oorzakelijke mechanismen bepaald van nieuwe WF in 66

symptomatische patiënten behandeld met PV van 102 pijnlijke

osteoporotische WF, alsmede de relatie tussen nieuwe WF en rugpijn

symptomen. Alle patiënten hadden een voorafgaande totale

wervelkolom MRI. Drie, zes en 12 maanden na PV werden controle

totale wervelkolom MRI scans gemaakt om nieuwe WF te traceren. De

VAS voor pijn en het pijnmedicatie gebruik werden gemeten om de

klinische uitkomst te bepalen. De volgende karakteristieken werden

vergeleken in patiënten met nieuwe WF na PV en patiënten zonder

nieuwe WF: leeftijd, geslacht, aanwezigheid van secundaire

osteoporose, botmineraal dichtheid, aantal vooraf bestaande WF, vorm

en graad van de WF, type van ingebracht botcement, en aanwezigheid

van cementlekkage in de tussen wervelruimte. De studie toonde aan dat

16 van de 66 patiënten 26 nieuwe WF (24%) ontwikkelden gedurende

één jaar follow-up na PV. De meeste nieuwe WF ontstonden binnen drie

maanden na PV. De helft van de nieuwe WF vond plaats in wervels

grenzend aan behandelde WF en de helft was niet symptomatisch. De

aanwezigheid van meer dan twee vooraf bestaande WF was de enige

onafhankelijke risicofactor voor het ontwikkelen van nieuwe WF. In het

artikel werd bediscussieerd dat PV waarschijnlijk enige invloed op het

ontstaan van nieuwe WF heeft. Echter, de onderliggende ziekte, de

osteoporose, heeft waarschijnlijk meer impact, aangezien de incidentie
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van nieuwe WF na PV gedurende een jaar follow-up vergelijkbaar is met

de incidentie in het natuurlijk beloop van osteoporotische WF na een

initiële WF.

 Hoofdstuk negen onderzocht de uitvoerbaarheid van navigatie op

driedimensionale rotatie Röntgenstralen (3DRX) data bij transpediculaire

percutane naaldintroductie en vergeleek de navigatie op 3DRX data met

naaldintroductie tijdens gebruik van conventionele röntgendoorlichting.

Een navigatiesysteem werd gekoppeld aan een 3DRX beeldsysteem. In

een kadaverstudie werden 60 botbiopsie naalden ingebracht in 30

wervellichamen door twee operateurs, met verschillende kwalificaties,

gebruik makend van doorlichting of van navigatie met 3DRX data.

Stralingdosis, doorlichttijd, naald introductietijd en de naaldpositie in het

wervellichaam werden kwantitatief bepaald. De studie toonde aan dat bij

gebruik van 3DRX navigatie de naaldpositie voor beide operateurs gelijk

was. Bij gebruik van röntgendoorlichting had de operateur met minder

ervaring significant meer corticale pedikel letsels. De stralingsdosis voor

de operateur is minder bij gebruik van 3DRX genavigeerde

naaldintroductie. Concluderend  is navigatie op 3DRX databeelden

uitvoerbaar bij transpediculaire percutane naaldintroducties en heeft zij

twee voordelen ten opzichte van introductie onder röntgendoorlichting:

het is onafhankelijk van de expertise van de operateur en het reduceert

de stralingsdosis voor de operateur.
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Algemene discussie and richtlijnen

 Percutane vertebroplastiek bij patiënten met osteoporotische WF

is een veilige en effectieve behandeling om de pijn te verminderen. Elk

jaar opnieuw ontstaan 16.000 nieuwe osteoporotische WF in Nederland.

De meeste van deze WF kunnen conservatief worden behandeld, maar

een substantieel deel van de patiënten kan geholpen worden met PV. De

klinische resultaten van dit proefschrift laten zien dat PV een

onmiddellijke en significant betere pijnverlichting geeft vergeleken met

optimale pijnmedicatie behandeling op korte termijn na behandeling.

Daarenboven resulteert de PV behandeling in een significante

verbetering in mobiliteit, functie en houding van de rug. De prospectieve

follow-up studie na PV toonde aan dat deze resultaten langdurend en

constant bleven op middenlange en lange termijn na PV. Hoewel deze

uitkomsten de voordelen van PV als behandeling van pijnlijke

osteoporotische WF laten zien ten opzichte van conservatief behandelen,

zijn er meer gerandomiseerde klinische studies nodig om deze visie te

onderbouwen. Nog steeds is onbekend op welk moment na een initiële

WF een PV uitgevoerd dient te worden en welke patiënten voordeel

hebben van deze behandeling vergeleken met de conservatieve

therapie. In een toekomstige prospectieve gerandomiseerde studie mag

er geen wisseling van de ene naar de andere groep geaccepteerd

worden. Bovendien dient een dergelijke studie in een grote populatie

uitgevoerd te worden met patiënten met WF van verschillende tijdsduur

van ontstaan. Een andere gerandomiseerde studie zou een “schijn”

studie kunnen zijn, waarin de ene groep een cementatie krijgt na

naaldplaatsing in het wervellichaam en de andere groep geen cement

ingebracht krijgt. Vooralsnog dient een PV behandeling uitsluitend

gedaan te worden in geselecteerde patiënten bij wie conservatieve

therapie geen effect heeft gehad op hun pijn.
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 Een belangrijk nadeel van de door ons uitgevoerde prospectief

vergelijkende gerandomiseerde VERTOS studie is dat de drie

participerende ziekenhuizen pioniers zijn op het gebied van PV en dat zij

als tertiair verwijzingscentrum (conservatief uitbehandelde) patiënten

verwezen kregen voor een PV, waardoor randomisatie van deze

patiënten zeer moeilijk was. Een tweede nadeel is dat in het algemeen

de meerderheid van de osteoporotische WF onderkend worden en dat

daardoor veel patiënten niet of laat worden behandeld. Daarenboven

worden deze patiënten traditioneel, althans in Nederland, door de

huisarts behandeld en pas laat of nooit naar het ziekenhuis verwezen.

Alleen door actieve rekrutering van patiënten bij wie een wervelfractuur

op een röntgenfoto wordt gezien, kunnen ook patiënten in een (relatief)

vroeg stadium een alternatieve behandeling van de pijn worden

aangeboden. Een volgend probleem om een gerandomiseerde studie uit

te voeren is dat het een oude patiënten populatie betreft met

bijkomende fysieke en sociale beperkingen. In vele gevallen zijn zij wel

genegen is om een behandeling te ondergaan, maar niet om daarna

meerdere keren opgevolgd te worden met intensieve onderzoeken en

vragenlijsten. Dit is nog meer het geval als de patiënten van verder weg

komen. Tenslotte werd de “cross-over” optie in onze studie door vrijwel

alle patiënten gebruikt die in de optimale pijnmedicatie groep waren

ingedeeld. Verwacht was dat slechts enkele patiënten die veel pijn

bleven houden, van deze mogelijkheid gebruik zouden maken. Alhoewel

PV reeds meer dan 25 jaar als pijnbehandeling bekend is, zijn er in de

rest van de wereld tot op heden (voor zover bekend uit de huidige

literatuur) geen succesvolle gerandomiseerde trials uitgevoerd.

Waarschijnlijk zijn enkele van de besproken logistieke studieproblemen

daar debet aan. Momenteel wordt getracht om met de vergaarde kennis

van de logistieke problemen uit de eerste studie een nieuwe prospectief

vergelijkende gerandomiseerde studie uit te voeren, de VERTOS II. In
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deze trial worden patiënten actief gerekruteerd vanaf het moment dat

een röntgenfoto van de wervelkolom een WF laat zien en worden zij

gerandomiseerd zonder cross-over mogelijkheid. Naast de drie bekende

centra, doen in deze studie ook enkele nieuwe centra mee die in een

opbouwende fase zijn van hun PV praktijk.

 De resultaten uit dit proefschrift hebben aangetoond dat de

aanwezigheid van botoedeem op MRI belangrijk is in de preprocedurele

selectie van patiënten. Hoewel de patiëntenpopulatie klein was en de

behandelde WF volledig botoedeem ofwel geen botoedeem hadden, was

het verschil in klinisch uitkomst significant. Een substantieel deel van de

patiënten zonder botoedeem in de behandelde WF verbeterde echter

ook na PV. Bovendien werden de resultaten van patiënten met

verschillende gradaties tussen 0 - 100% van botoedeem in behandelde

WF niet geëvalueerd. Concluderend lijkt de aanwezigheid van volledig

botoedeem in pijnlijke osteoporotische WF een belangrijk

inclusiecriterium te zijn voor het ondergaan van een PV, maar aan de

andere kant is de totale afwezigheid van botoedeem of de aanwezigheid

van enig botoedeem geen absoluut exclusiecriterium voor een

behandeling met PV.

 In de postprocedurele follow-up na PV, wordt een geleidelijke

afname van botoedeem gezien op de wervelkolom MRI scans tot en met

één jaar na PV. Deze afname van botoedeem is niet gerelateerd aan de

pijnvermindering na PV. De aanwezigheid van botoedeem in behandelde

WF op een follow-up MRI na PV is derhalve een normale bevinding.

Routine follow-up MRI lijkt onnodig in de follow-up van patiënten na PV,

aangezien zo’n onderzoek geen klinische consequentie heeft.

 Na PV van osteoporotische WF ontstaan nieuwe WF op andere,

initieel intacte niveaus in 24% van de patiënten. De helft van deze

nieuwe WF ontstaan in aangrenzende wervels en de helft is geassocieerd

met weinig of geen pijnsymptomen. De enige onafhankelijke risicofactor
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voor de ontwikkeling van nieuwe WF is de aanwezigheid van meer dan

twee vooraf bestaande WF. Patiënten met meerdere WF moeten worden

geïnformeerd over hun toegenomen risico en dienen strikt gevolgd te

worden gedurende tenminste een jaar. Ook is het zeer belangrijk dat de

osteoporose wordt behandeld met medicijnen om de kans op

toekomstige WF te reduceren in alle patiënten met osteoporotische WF

behandeld met PV. Waarschijnlijk is de invloed van PV op de

ontwikkeling van nieuwe WF klein, aangezien de incidentie niet veel

verschilt met het ontstaan van nieuwe WF na een initiële WF in

patiënten met osteoporotische WF niet behandeld met PV. Een

toekomstige gerandomiseerde studie in een grote studiepopulatie en

met een follow-up van tenminste één jaar is nodig om dit te bevestigen.

Een andere bevinding uit deze follow-up studie was dat profylactische

behandeling van intacte wervels, direct tussen twee ingezakte wervels

gelegen, niet gerechtvaardigd is. PV dient alleen uitgevoerd te worden in

symptomatische wervels.

 Percutane naaldplaatsing met gebruik van 3DRX navigatie is

uitvoerbaar. Deze methode is preciezer en gaat gepaard met minder

stralingsdosis voor de operateur vergeleken met naaldplaatsing onder

röntgendoorlichting. Op dit moment is deze nieuwe interventionele

ondersteuning nog niet bruikbaar in de dagelijkse praktijk, maar zij lijkt

veelbelovend voor toekomstige wervelkolom interventie procedures.

Enkele voorbeelden van toekomstige toepassingen zijn de behandeling

van WF die moeilijk zichtbaar zijn op röntgendoorlichting (bv. bovenste

thoracale wervels), of precieze naaldplaatsing in wervel tumorlaesies en

in andere spinale en paraspinale laesies. In combinatie met 3DRX

roadmapping en CT kan exacte biopsie en/of cementplaatsing mogelijk

worden. Deze toekomstontwikkelingen zullen hopelijk tot een nog

veiliger en effectievere procedure leiden.
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 Algemeen concluderend lijkt een percutane vertebroplastiek

behandeling in juist geselecteerde patiënten met een osteoporotische

wervel inzakkingfractuur in de meeste gevallen te resulteren in een

duidelijke en blijvende pijnvermindering. Echter, toekomstige

randomisatie studies zullen moeten bepalen bij wie en wanneer een

dergelijke behandeling nut heeft ten opzichte van de huidige

niet invasieve pijnbestrijdingmogelijkheden.
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