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Objectives: Upon completion of this article, the reader will
be able to describe the basic concepts of ablation and
peripheral skeleton augmentation and to identify the neces-
sity for a tailored-based approach applying different techni-
ques for different cases and locations.
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Nociceptive and/or neuropathic pain can be present in all
phases of cancer (early and metastatic) and are not ade-
quately treated in 56 to 82.3% of patients.1,2 In these patients,
radiotherapy achieves overall pain responses (complete and
partial responses combined) up to 60 and 61%.3 International
practice guidelines support the assertion that Single Fraction
(SF) Radiotherapy (RTH) is the standard of care for pain relief
due to bone metastasis; however, the unknown optimal
single-fraction dose required to achieve pain relief is an
important gap in knowledge in the interest of minimizing
iatrogenic toxicity.3,4

In the market, there are different ablation techniques
based on the energy type they use. These techniques include
thermal ablation (laser, radiofrequency, microwave [MW]
ablation, cryoablation, coblation), irreversible electropora-
tion, and magnetic resonance (MR)-guided high-intensity
focused ultrasound (HIFU).5–8 Percutaneous ablation in bone
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Abstract Nociceptive and/or neuropathic pain can be present in all phases of cancer (early and
metastatic) and are not adequately treated in 56 to 82.3% of patients. In these patients,
radiotherapy achieves overall pain responses (complete and partial responses com-
bined) up to 60 and 61%. On the other hand, nowadays, ablation is included in clinical
guidelines for bone metastases and the technique is governed by level I evidence.
Depending on the location of the lesion in the peripheral skeleton, either the Mirels
scoring or the Harrington (alternatively the Levy) grading system can be used for
prophylactic fixation recommendation. As minimally invasive treatment options may
be considered in patients with poor clinical status or limited life expectancy, the aim of
this review is to detail the techniques proposed so far in the literature and to report the
results in terms of safety and efficacy of ablation and cementoplasty (with or without
fixation) for bone metastases. Percutaneous image-guided treatments appear as an
interesting alternative for localized metastatic lesions of the peripheral skeleton.
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metastatic disease can be proposed as curative treatment
(<3–5 lesions, <3 cm in diameter) or as palliative treatment
aiming at pain reduction, tumor decompression, and debulk-
ing. Inweight-bearing areas, ablation results in osteonecrosis
and bone weakening; thus, osseous augmentation is neces-
sary for structural support.

Percutaneous cementoplasty with Poly(methyl methacry-
late) (PMMA) injection can be either solely performed or in
combination with instrumentation (screws, metallic or poly-
etheretherketone [PEEK] implants). To stratify the risk of
pathologic fracture in patients with lesions in long bones,
Mirels’ scoring system is used, applying criteria of
site, degree of pain, lesion characteristics, and size (each scored
between 1 and 3). According to Mirels’ scoring system, pro-
phylactic fixation is recommended in cases of lesions in the
peripheral skeleton long bones presenting a Mirels’ score of
>8.9 For acetabular bony defects, the Harrington or the Levy
grading system is applied.10,11 While these numeric scoring
systems were proposed to quantify the risk of sustaining a
pathologic fracturethroughanymetastatic lesion ina longbone
or in the acetabulum, the decision to perform surgical fixation
should also take into consideration the patient’s performance
status and disease progression. As the surgery of an impending
fracture can have significant morbidity, minimally invasive
treatment options may be considered in patients with poor
clinical status or limited life expectancy.12

Percutaneous cementoplasty has proved to be highly effec-
tive for the palliation of pain from bone metastases.13,14

However, it was argued so far that it should be contraindicated
for metastases that are located in long bones due to PMMA’s
biomechanical properties which render the material ideal for
the spinewhere axial forces are applied but raise questions for
locations in the peripheral skeletonwhere shear and torsional
forces are applied.6,7,12–17 Several studies have now reported
the promising outcomes of augmented osteoplasty and fixa-
tion performed concomitantly under imaging guidance.18–20

The purpose of this article is to describe thebasic concepts
of ablation and peripheral skeleton augmentation in meta-
static bone disease. The role of protective techniques, bio-
mechanics, and specific forces applied in different locations
will be defined. Finally, the necessity for a tailored-based
approach applying different techniques for different cases
and locations will be addressed.

Percutaneous Ablation

General Principles
Percutaneous ablation of bone metastatic disease is per-
formed under anesthesiology control (ranging from local
anesthesia to sedation or general anesthesia which are
more commonly preferred), extended sterility measures,
and antibiotic prophylaxis.6–8,21 Imaging guidance is used
for lesion targeting, and in cases of intact cortex, a trocar is
hammered or drilled for initial approach. In such a case, the
trocar should be withdrawn outside the expected ablation
zone prior to energy application to avoid subsequent skin
and soft-tissue burns, due to energy transfer through its
shaft. Surrounding nerve and other sensitive structures

should be protected whenever the ablation zone is expected
to extend in a close proximity to them. Protective techniques
include skin protection, temperature measurement, moni-
toring of nerve root function, and dissection of sensitive
structures away from the ablation zonebymeans of balloons,
gas, or fluid.6–8,22 A distance of 1 cm or more between a
sensitive structure and the expected ablation zone is con-
sidered enough for safe ablation practicewithout the need of
protective techniques.6,7,22 Operator’s experience, equip-
ment availability, and tumor size and location are important
factors for the choice of an ablation method. Ideally, the final
result should be an ablation zone that encompasses the
entire tumor to prevent a marginal recurrence.23

Ablation Techniques
Radiofrequency ablation is the most extensively studied and
reported ablation technique.24–27 During monopolar elec-
trode ablation, radiofrequency energy is applied through a
closed circuit: the electrode acts as the circuit’s cathode and
the applied ground pads act as the anode with the energy
being conducted from the generator to the electrode through
the tissues to the grounding pads. The electrode’s small
sectional area results in very high energy flux while the
large cross-sectional area of ground pads disperses and
minimizes the energy flux. Bipolar radiofrequency electro-
des do not need grounding pads; the flow of current is
limited to the device tip, which includes both the anode
and cathode (active and returning electrode) in the same
probe.23 During radiofrequency application, the ablation
zone can vary widely according to the local tissue environ-
ment since it is highly affected by the tissue impedance,
perfusion, and ventilation.28 Concerning musculoskeletal
ablation, Rosenthal was the first who used radiofrequency
energy for osteoid osteoma ablation in 1992.29

Cryoablation is based on the Joule-Thomson theory and is
a term used for the application of extreme cold aiming to the
destruction of cells by means of both direct cellular and
vascular injury; goal temperatures are between �20 and
�40°C where complete tissue necrosis occurs.30 Advantages
of cryoablation include decreased intra- and postoperative
pain, the clear visualization of the expanding ice ball during
imaging which allows a more precise monitoring of the
ablation zone, and the ability to use multiple cryoprobes
simultaneously; however, all of these are possible at a higher
cost (►Fig. 1).31,32 It is essential during cryoablation to
achieve, within the ablation zone, a very low temperature
at a fast rate; the most commonly used technique in bone
cryoablation is a double 10-minute freeze techniquewith an
intervening of 5 minutes passive thawing cycle.23 Active
thawing is performed at the end of the session in order for
the cryoprobes to be safely extracted.

During MW ablation, an oscillating MW field is created
within which polar molecules like water continuously rea-
lign increasing kinetic energy and tissue temperature.33MW
ablation as compared with radiofrequency results in faster
and larger ablation zones of higher temperatures, as this
energy radiates through all biological tissues, including those
with high impedance such as bone.34 However, there are
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fewer publications on MW ablation of bone lesions when
compared with the radiofrequency or cryoablation litera-
ture.35,36 The variety in the design and wavelengths of the
antenna and the power output of the generator are factors
rendering a high learning curve necessary for the application
of MW ablation.37

During laser ablation, a fiber transmits infrared light
energy which results in cytotoxic temperature; however,
the technique results in a small-sized ablation zone, although
multiple laser fibers can be used.6,8 The most commonly
used laser fiber is neodymium:yttrium-aluminum-garnet
(Nd:YAG) diode laser fiber ranging from 800 to 1,100 nm;
at 2 W light energy applied for 6 to 10 minutes, a spherical
ablation zone of 1.6 cm is produced.23,38

During HIFU, focused ultrasound energy is delivered at
the target lesion resulting in focal elevated temperatures and
coagulation necrosis; it is a noninvasive technique usually
performed under MR guidance which apart from targeting
provides real-time thermal monitoring as well.39

Metastatic Bone Disease and Ablation
The vast majority (�80%) of cancer patients with metastatic
disease will develop bone metastases and will require ther-
apy aiming in pain reduction and local tumor control.40

Indications for percutaneous ablation in metastatic bone
disease are twofold: first, it is a therapeutic technique for
patients with oligometastatic disease (<3–5 lesions, <3 cm
in diameter) and second, it is a palliative therapy for pain
reduction and tumor decompression.

1. Curative intent in oligometastatic bone disease:
Five or fewer disease sites are generally considered to
constitute oligometastatic disease and it can either be the
result of the tumor’s limited biologic capability to spread
or it may present as a positive response to chemother-
apy.41,42 In these patients, local tumor control of any
known metastatic lesions by means of ablation either
early in the oligometastatic disease course or as soon as
chemotherapy downstaged the disease to oligometastatic
one may result into a significant impact upon control of
the systemic disease ending up in definite therapy.42

McMenomy et al have shown that percutaneous cryoa-
blation is a safe and effective therapy for eradication of
oligometastatic disease from multiple primary tumors to
the musculoskeletal system with a single treatment ses-
sion needed in 98% of cases to achieve a local control rate
of 87%, a major complication rate of 5%, and a median
postprocedural hospital stay of 1 day; authors report 91

and 84% for 1- and 2-year overall survival rates, respec-
tively, with a median overall survival of 47 months.42

Common prognostic factors influencing which patients
with oligometastatic disease are more likely to benefit
from percutaneous ablation include size and number of
metastases, length of disease-free interval before onset of
metastasis, adequacy of treatment of the primary tumor,
and the presence of multiple metastatic sites.43,44

2. Palliative therapy for pain reduction:
Apart frompercutaneousablation, thetherapeuticarmamen-
tarium for pain reduction in patients with bone metastatic
disease includes analgesics, bisphosphonates, chemotherapy,
hormonal therapy, and radiotherapy. Radiotherapy, although
used frequently, is reported to provide partial pain relief in
70% of the treated patientswhile complete pain reliefmay be
seen in up to one-third of the patients.45,46 The three-step
analgesic ladder proposed by WHO seems to provide satis-
factory pain management in the vast majority of cancer
patients, but nearly one-third of them eventually will com-
plain of refractory pain (which is defined as a nonresponsive
type of pain).47 Additionally, despite its value, the adminis-
tration of opioids is not without cost; dose and continuous
use are factors directly affecting the risk of harm.48,49 Percu-
taneous ablationhas becomepart of the treatment algorithm
of painful metastatic bone disease with studies reporting
significant efficacy upon pain reduction along with a
safe profile. Similar reports can be found on MR-guided
HIFU in the middle of the first paragraph, section 2 in
Palliative therapy for pain reduction.26,27,32,35,39,50–58 The
pathophysiology of pain reduction post–percutaneous
ablation includes necrotizing tumor–periosteum interface,
decompression of tumor volume, inhibition of osteoclast
activity, and decrease in the nerve-stimulating cytokines
released by the tumor.5,7 According to the most recent
NCCN guidelines concerning adult cancer pain (v2, 2016),
percutaneousablationmaybeconsidered formetastaticbone
painpalliation in caseswithout an oncologic emergency (e.g.,
pathologic fractureorepiduraldisease),whenpharmacologic
therapy is inadequate and radiation therapy is contraindi-
cated or not desired by the patient.59,60

Complications and Thermal Protective Techniques
Complications of percutaneous ablation in metastatic bone
disease generally present in the immediate postprocedural
period and include thermal skin injuries, hemorrhage, nerve
damage, inadvertent organ puncture, or collateral thermal
injury.6–8,44 Skin injuries are usually treatedwith topical use

Fig. 1 Female patient with ovarian cancer and manubrium metastasis treated with cryoablation. (a) Positron emission tomography/computed
tomography (PET/CT) scan illustrating an FDG avid sternal lesion. (b, c) CT axial and coronal reconstruction during the cryoablation session with
two cryoprobes placed within the lesion.
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of silver sulfadiazine or bacitracin; hemorrhage manage-
ment may range from patient monitoring, volume resuscita-
tion, blood transfusion, to embolization.44 Nerve injury may
be temporary or permanent; a treatment with steroids (per
os or infiltration) may enhance recovery in temporary nerve
injury, while in permanent cases physical therapy or ortho-
tics may be required.44,61

Preprocedural imaging with MRI will evaluate the proxi-
mity of neural structures to the expected ablation zone,
while CT angiography will depict vulnerable vascular struc-
tures supplying the central neuroaxis.62 Gas, fluid, or bal-
loons can be used for displacement of vital or sensitive
structures (skin included) away from the ablation zone.
Alternative skin protection technique includes the applica-
tion of a sterile glove soaked in warm or frozen water
depending on the ablation mode preferred (►Fig. 2). Tem-
perature monitor may be performed by placing thermocou-
ples at the margin of the desired ablation zone or near vital
structures.62 Nervous structures can be further protected by
neurophysiologic monitoring application bymeans of soma-
tosensory or motor-evoked potentials.63

Percutaneous Cementoplasty

General Principles
Percutaneous cementoplasty of bone metastatic disease may
involve injectionofcement solely performedor in combination
with metallic or PEEK screws and implants. The decision is
basedon lesion locationand forces appliedon this specific area.
Although PMMA is an ideal material for the spine where axial
forces are applied, the material’s strength has poor perfor-

mance intheperipheralskeletonwhere rotational andshearing
forces are applied andespecially inweight-bearing locations.6,7

Each of the variation techniques should be performed under
imaging guidance, extensive local sterility (including prophy-
lactic antibiosis), and anesthesiology control (wide range of
depthdependingonpatient and location characteristics aswell
as operator’s preference).6–8,21 Operator’s experience, equip-
ment availability, and lesion size and location are important
factors for the choice ofcementoplastyorfixation technique. In
any case, the final result should be a construct extending up to
normal bone for ideal anchorage and structural support.19

Depending on the location of the lesion, the Mirels score
or the Harrington (or the Levy) grading systems can be
applied in long bones and acetabulum, respectively.9–11

Furthermore, comorbidities and life expectancy should be
evaluated as well. Technical characteristics concerning the
lesion and the location govern the potential risk of pathologic
fracture post cementoplasty or fixation; according to litera-
ture studies and reviews, the risk of pathologic fracture post
cementoplasty seems to be higher for cortical involvement
greater than 30 mm (n ¼ 7/11 vs. n ¼ 0/10; p ¼ 0.0005) and
history of a previous fracture of the lesser trochanter (n ¼ 3/
3 vs. 4/18; p ¼ 0.0009).12,64

Bone Augmentation Techniques
Cementoplasty using bone cement (PMMA) alone seems to be
ineffective in femoral neck lesions and long bones involving the
medulla, in general with risks of secondary fracture because of
the multiple stresses applied in this location during weight
bearing.65,66 As the tensile strength of cement is 35.3 MPa in
average, the shear strength is 42.2 MPa, the compressive
strength is 93.0 MPa, the bending strength is 64.2 MPa, and
the bending modulus is 2,552MPa; cement is weak in tension,
strong in compression, and has a low bending modulus of
elasticity (�2 � 103 MPa), lower than cortical bone
(�20 � 103 MPa).20,66 As opposed to vertebroplasty which
has been proven to be an excellent technique for vertebral
body fractureswhereaxial-craniocaudal compressionforcesare
mainly applied, it means that some intramedullary instrumen-
tation is necessary for sufficient long-term stabilization of
locations where rotational and shearing forces are applied.12

The addition of stainless steel or cobalt chrome alloy increases
the shear strength, as modulus of elasticity for these two
materials are 200 � 103 MPa. Augmented osteoplasty may
surpass the limitations of osteoplasty alone reported so far.

Percutaneous stabilization of impending pathological frac-
ture of long bones using osteoplasty and fixation by screws or
pins appears feasible even under conscious sedation
(►Fig. 3).18 Tian et al compared the efficacy of percutaneous
osteoplasty with and without interventional internal fixation
bymeans of a needle in 40patients.20The patientswere placed
ina lateralpositiononanoperating table.After local anesthesia,
a 13-G bone puncture needle parallel to the axis of the femoral
neckwas inserted into the femur until the tip reached thebone
cortex or the needle was completely inserted into the femur
body. When fixation was performed, a modified trocar needle
was implanted into the proximal femur through the bone
puncture needle sheath. A maximal amount of PMMA as

Fig. 2 Male patient with bronchogenic carcinoma and soft-tissue
metastasis at the chest wall infiltrating the posterior rib at T11 and
T12 level. Computed tomography axial scan illustrating the
microwave antenna in the center of the metastatic lesion. Notice
the presence of a sterile glove on the skin surface, filled with cold
saline to avoid thermal injury.
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possiblewas injected intothefemur throughthebonepuncture
needle. Deschamps et al reported a 100% technical success for
osteoplastyandfixationbyscrew ina studyon12patientswith
metastasis of the proximal femur and mean Mirels’ score of
9.8 � 1.2 (range, 8–11).18 The procedure was performed with
8-mm cannulated screws after pin insertion parallel to the
femoral neck under conebeamCT guidance. Specifically for the
femoral neck, an inverted triangle configuration of screw
placement was considered to be optimal for stabilization.
The first guidewire was inserted along the inferior cortical of
the femoral neck. The other twowere placed against the upper
cortical femoral neck—one posteriorly and the other anteriorly.
ThenPMMAwas injected. Theprocedurewasperformedunder
general anesthesia (n ¼ 6) or conscious sedation (n ¼ 6). The
mean duration was 110 � 43 (range, 60–180) minutes. Addi-
tionally, in the literature, case reports and reviews report a
highly efficacious and safe profile of percutaneous screws
insertion either solely performed or in combination with
cement injection.67,68

Another technique proposed by Kelekis et al, the REBAR
concept, consists of performing percutaneous augmented
peripheral osteoplasty with ametallic mesh of stainless steel
micro-needles.19,69 This combination is easy to perform and
seems to provide the necessary stability against the shearing
forces applied in long bones during weight bearing; for
optimal structural support, anchorage to healthy bone
should be obtained.69,70 Coaxially ametallic mesh consisting
of 25 to 50medical grade stainless steel micro-needles (22 G,
2–6 cm in length) was inserted in 12 patients. A direct access
to the lesion of interest was obtained by bone access needles.
Specifically in the femoral bone, the access of the needle was
introduced through the greater trochanter, following the
natural lines of the Haversian canal system (►Fig. 4).
PMMA for vertebroplasty was finally injected under fluoro-
scopic control.

InaprospectivestudypublishedbyCornelis et al, 10patients
with Mirels’ score 8 to 11 underwent Y-STRUT (Hyprevention,
Pessac, France) implantation.71 This device was dedicatedly
designed to enhance biomechanical structure of the femur and
toprevent fracture (►Fig. 5).72 It consistsof two implantsmade
of a radiotransparent PEEK polymer material. Under general
anesthesiaandCBCTguidance, thetwo implants composing the
device were inserted along guidewires using a dedicated
instrumentation ensuring the adequate connection in situ
between the two components. The perforation of the implants
allows controlling injection of the PMMA and fixation in 3D.
The cement aims to increase the surface contact between the
bone and the device and to anchor the device in the proximal
femur.Themeandurationof interventionwas97 � 28minutes
(range, 60–155 minutes) and hospitalization was 2.3 days
(range, 1–5 days). The consolidation of the femoral head by
this implantable medical device was studied through biome-
chanical tests in vitro, on human femurs, to simulate falls
on anatomical pieces. This study demonstrated the potential
of Y-STRUT to improve the biomechanical performance of the
proximal femur.72 The loadings until failure showed that the
insertion of the implant increased significantly (p ¼ 0.05) both
fracture load (þ18%) and energy to fracture (þ32%) of the
implanted femurs in comparisonwith the intraindividual con-
trols. The instrumented femur resisted the implementation of
thenoninstrumented femur fracture load for30cycles andkept
its performance at the end of the cyclic loading. This is
consistent with previous biomechanical side-impact testing
on pairs of femur using the same methodology.73

Metastatic Bone Disease and Percutaneous Bone
Augmentation
Indications for percutaneous cementoplasty in metastatic
bone disease are twofold: first, it is a palliative technique
for cancer patients suffering from pathological fractures

Fig. 3 Male patient with sacral sarcoma and secondary painful fracture postsurgery and radiotherapy. (a) Computed tomographic (CT) axial
scan (patient is placed in lateral decubitus position) illustrating the wide fracture line at sacral midline and the lytic lesion at the right sacral wing.
(b) CT axial scan illustrating cement at the lesion location and two cannulated screws percutaneously placed bridging the fracture line.
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and second, it is a preventive technique providing prophy-
lactic consolidation for patients with impending pathologi-
cal fractures due to osteolytic metastases.

1. Palliation of pathological fracture:
In pathologic fracture cases, ideally the cement should be
injectedwithin the fracture line and extend to normal bone
for supportive anchorage. However, in real life, cement
injection is governed by unpredictable diffusion tendency
and second, in case of cement leakage to soft tissues, an
incompletefilling of the fracture linemight not promote the
expected stability and thus keep the risk of delayed patho-
logic fracture.12,19,64 Furthermore, the already mentioned
biomechanic properties of PMMA question stabilization of
locations where rotational and shearing forces are ap-
plied.12 To overcome all these drawbacks, augmented os-
teoplasty techniques have emerged; these techniques
includefixationbymeans ofcannulatedscrewseither solely
placed or in combination with cement injection. To avoid
screw loosening and migration, screws should be placed in
resistant and, if possible, cortical bone in both sides and
cement could be injected for optimum anchorage.70

The stabilization can be accompanied by ablation, depend-
ingon thenatureof the fracture (necrotic, postradiotherapy,
intralesional, etc.)
Until now, the tendency of percutaneous techniques was
to treat undisplaced fractures, although nowadays there
are accumulated reports showing that percutaneous rea-
lignment is feasible, followed by stabilization.68

2. Prophylactic consolidation for impending pathologic frac-
tures due to osteolytic metastases:

In case of prophylactic consolidation for impeding patho-
logic fractures due to an osteolytic metastasis, fixation is
done either by means of cannulated screws (solely placed or
in combination with cement injection) or other augmented
osteoplasty technique variations by means of nails, cement-
filled catheters, Kirschner wires, PEEK polymers implants, or
a metallic mesh of micro-needles in combination with
PMMA injection.12,19,64,67,71,73–75 Prior to consolidation of
osteolytic metastases, percutaneous ablation can be per-
formed applying any kind of available energy including
radiofrequency, MW, or cryoablation, depending on the
algorithm of treatment used.76–79

Fig. 4 Female patient with renal cell carcinoma and oligometastatic disease (two lesions, one in femoral bone and one in the scapula)—fluoroscopy
anteroposterior views. (a) Bone access needle was inserted along the femoral neck. (b) Microwave antenna was coaxially inserted and ablation
session was performed. (c) A second bone access needle was inserted with cranio-caudal direction. (d, e) Metallic micro-needles (22 G) were coaxially
introduced through both the access needles to create a mesh (REBAR concept). (f) PMMA was injected covering the whole extent of the lesion and
the metallic mesh and bridging the construct to normal bone.
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Conclusion

Percutaneous treatments are increasingly recognized and
used for metastatic disease in bone. Ablation can be proposed
as curative treatment (<3–5 lesions, <3 cm diameter) or as
palliative treatment aiming in pain reduction, tumor decom-
pression, and debulking. In case of weight-bearing locations, it
results in osteonecrosis and bone weakening; thus, osseous
augmentation is necessary for structural support.

Percutaneous bone augmentation techniques by means of
cement are adequate where primarily compressive forces are
involved. Cannulated screws nails, cement-filled catheters,
Kirschner wires, PEEK polymer implants, or a metallic mesh
of micro-needles in combinationwith PMMA injection can be
proposed for treatment of pathologic fracture or prophylactic
consolidation of impeding fracture, when shearing forces are
prevalent. Which combinations (technique, lesion, location)
are ideal still needs to be evaluated both in vitro and in vivo.
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