
Diagnostic and Interventional Imaging (2019) 100, 391—400

SOLICITATED REVIEW /Interventional imaging

Interventional  radiology  techniques  for  pain
reduction  and  mobility  improvement  in
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Abstract  Osteoarthritis  of  the  knee  is  the  most  common  cause  of  chronic  knee  pain  being
more prevalent  in  middle-aged  and  elderly  patients.  Symptomatic  patients  complain  of  pain
and mobility  impairment.  Therapeutic  armamentarium  includes  physical  therapy,  oral  pharma-
cologic therapy,  intra-articular  injections,  nerve  ablation  or  modulation,  trans-catheter  arterial
embolization,  minimally  invasive  arthroscopic  treatment  and  partial  or  total  knee  arthroplasty.
Interventional  radiology  therapies  for  knee  osteoarthritis  include  intra-articular  injections,  neu-
rotomy and  neuromodulation  techniques  as  well  as  transcatheter  intra-arterial  therapies.  These
therapies aim  to  control  pain  and  inflammation,  improve  mobility  and  function  whilst  the  novel
cell-based  therapies  have  the  potential  for  bone  and  cartilage  regenerative  repair  facilitating
the delay  to  surgery.  The  purpose  of  this  review  is  to  illustrate  the  technical  aspects,  the  indica-
tions and  the  methodology  of  local  therapies  for  knee  osteoarthritis  performed  by  interventional
radiologists  and  provide  current  evidence.
© 2019  Société  française  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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Osteoarthritis  of  the  knee  is  the  most  common  cause  of
chronic  knee  pain  and  represents  a  major  cause  of  disability

and  burden  on  healthcare  systems  worldwide,  being  more
prevalent  in  middle-aged  and  elderly  patients  [1].  Knee
osteoarthritis  is  characterized  by  progressive  degradation  of

∗ Corresponding author.
E-mail address: dfilippiadis@yahoo.gr (D. Filippiadis).

i
p
b
r
m
[
v

https://doi.org/10.1016/j.diii.2019.02.011
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rticular  cartilage  and  bone  remodeling  whilst  risk  factors
or  knee  include  increased  age,  obesity  and  mechan-
cal  stress  or  trauma  to  the  joint  [2]. Although  most  of
atients  with  knee  osteoarthritis  present  with  a  discrepancy
etween  clinical  and  imaging  findings,  x-rays  and  magnetic

esonance  imaging  are  currently  the  most  commonly  applied
odalities  for  diagnosis,  prognosis  and  therapeutic  efficacy

3—5]. Depending  on  the  severity  of  knee  osteoarthritis,
arious  treatments  can  be  used,  including  physical  therapy,

 Masson SAS. All rights reserved.

https://doi.org/10.1016/j.diii.2019.02.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.diii.2019.02.011&domain=pdf
mailto:dfilippiadis@yahoo.gr
https://doi.org/10.1016/j.diii.2019.02.011


3

o
n
e
a
s

a
n
T
i
t
a
w
n

a
t
t

I

I

I
m
H
c
i
s
c
w
a
l
l

o
n
s
[
t
o
p
[

f
e
v
s
a
r
s
o
c
o
g
t
v
[

r
i

a
g
r
t
w
t

H

H
a
a
o
j
t
c
j
d
r
a
e

w
t
c
r
r
t
t
a
H
e
p
d
m
a
c
p
p
(
t
w
a
a
s

p
i
e
p
i
fl

m
m
t
w
n

92  

ral  pharmacologic  therapy,  intra-articular  injections,
erve  ablation  or  modulation,  trans-catheter  arterial
mbolization,  minimally  invasive  arthroscopic  treatment
nd  partial  or  total  knee  arthroplasty  [6—12].  However,  no
ingle  treatment  has  proven  complete  effectiveness.

Local  therapies  for  knee  osteoarthritis  comprise  intra-
rticular  injections,  neurotomy  and  neuromodulation  tech-
iques  as  well  as  transcatheter  intra-arterial  therapies.
hese  therapies  aim  at  controlling  pain  and  inflammation,

mprove  mobility  and  function  whilst  the  novel  cell-based
herapies  have  the  potential  for  bone  and  cartilage  regener-
tive  repair  facilitating  the  delay  to  surgery  which  is  offered
hen  conservative  and  local  minimally  invasive  treatments
o  longer  control  patient’s  pain.

The  purpose  of  this  review  is  to  illustrate  the  technical
spects,  the  indications  and  the  methodology  of  all  local
herapies  for  knee  osteoarthritis  performed  by  interven-
ional  radiologists  and  provide  current  evidence.

ntra-articular injections

ntra-articular corticosteroids

ntra-articular  corticosteroids  are  recommended  by  treat-
ent  guidelines  and  widely  used  in  knee  osteoarthritis.
owever,  no  consensus  exists  regarding  their  safety  and  effi-
acy  [12—16].  Corticosteroids  have  anti-inflammatory  and
mmunosuppressive  effects  as  they  directly  act  on  nuclear
teroid  receptors  and  interrupt  the  inflammatory-immune
ascade  [17].  These  agents  reduce  cytokine  diapedesis
ithin  the  capillary  endothelium,  inhibit  inflammatory  cell
ccumulation,  adhesion,  phagocytosis  and  immunoglobu-
in  synthesis  as  well  as  the  release  of  prostaglandin  and
eukotriene  [18—20].

Corticosteroids  used  for  the  treatment  of  knee
steoarthritis  include  triamcinolone  acetonide,  methylpred-
isolone  acetate,  betamethasone  acetate,  betamethasone
odium  phosphate,  and  dexamethasone  sodium  phosphate
21,22].  The  selection  of  the  specific  drug  varies  according
o  physician’s  preference.  However,  when  compared  to
ther  corticosteroids,  triamcinolone  acetonide  has  greater
otential,  longer  duration  of  action  and  rare  flare  reaction
22].

Corticosteroids  provide  short-term  moderate  pain  relief
or  up  to  3—4  weeks  post  intra-articular  knee  injection;
xtended-release  formulations  have  been  designed  to  pro-
ide  prolonged  analgesia  with  a  similar  to  saline  placebo
afety  profile  [23—25].  The  response  to  this  kind  of  intra-
rticular  injection  is  suggested  to  be  better  in  less  severe
adiographic  stages  or  in  the  presence  of  a  joint  effusion;
pecifically  in  the  latter  case,  the  response  regarding  pain
r  ultrasound  synovial  effusion  at  one  month  after  corti-
osteroid  injection  is  suggested  to  predict  the  response  at
ne  year  [26—28].  Patients  should  be  advised  that  the  anal-
esic  effects  of  intra-articular  corticosteroid  injections  are
ime-limited  as  these  injections  are  not  suggested  to  pro-
ide  sustained  symptom  relief  for  over  2  years  of  follow-up

29].

Intra-articular  corticosteroid  injections,  especially  when
epeated,  can  be  related  to  rare  adverse  effects  compris-
ng  joint  infection,  tendinopathy,  local  nerve  damage,  skin
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trophy,  osteoporosis,  increased  cartilage  loss  and  hyper-
lycemia  while  acute  complications  of  the  technique  are
are  [30—32].  In  current  practice,  the  interval  between  cor-
icosteroid  injections  is  recommended  to  be  between  2—6
eeks  and  it  is  advised  not  to  perform  more  than  3—4  injec-

ions  per  year  [33].

yaluronic acid derivatives injection

yaluronic  acid  (HA)  is  a glycosaminoglycan  molecule  and
 natural  major  component  of  synovial  fluid  and  it  is
lso  present  in  hyaline  cartilage  [13,34,35].  The  amount
f  HA  approximates  3—4  ml  in  each  knee  and  acts  as  a
oint  lubricant  and  shock  absorber,  improving  joint  elas-
icity  and  viscosity,  and  also  it  provides  nutrients  to  the
artilage.  It  is  secreted  by  type  B  synoviocytes  of  the
oint  capsule  [36].  In  knee  osteoarthritis  HA  undergoes
egradation  and  its  molecular  weight  and  concentration  is
educed,  correlating  with  pain  and  functional  impairment
nd  increasing  the  susceptibility  of  joint  cartilage  to  degen-
rate  [37—39].

Viscosupplementation  with  HA  derivatives  has  been
idely  used  to  treat  pain  in  knee  osteoarthritis  and  HA  is

he  most  commonly  used  injectable  drug  aside  from  corti-
osteroids  [40,41].  The  primary  mechanism  of  action  is  the
estoration  of  the  lubrication  of  the  joint  but  although  the
esidence  time  of  HA  inside  the  joint  approximates  2—3  days,
he  effects  are  sustained  for  several  weeks  after  HA  injec-
ion  suggesting  the  presence  of  additional  mechanisms  of
ction  which  possibly  have  disease-modifying  effects  [42].
A  may  have  immunosuppressive  and  anti-inflammatory
ffects  whilst  viscosupplementation  stimulates  chondrocyte
roduction  of  hyaluronate  and  prevents  chondrocyte  degra-
ation  [43]. Although  there  are  numerous  HA  derivatives
arketed  nowadays  differing  on  the  basis  of  origin  (from

vian  or  synthetic),  reticulation  (linear  or  reticulated),
hain  length  (low  or  high  molecular  weight),  sterilization
rocess  (heat  or  ultra-filtration),  dosing  (single  or  multi-
le  injections  and  presence  or  not  of  associated  adjuvants
mannitol,  sorbitol,chondroitin  sulfate)  the  major  classifica-
ion  is  into  low  molecular  weight  linear  and  high  molecular
eight  reticulated  products  [44]. Reticulated  HA  derivatives
re  3-dimensional  structure  of  linked  HA  chains  which  are
dministrated  as  a  single  dose  in  most  of  the  cases  offering
lower  degradation  and  longer  joint  residence  [44].

For  HA  injection,  the  lateral  mid-  and  supero-lateral
atelar  approaches  are  strongly  recommended  whilst  imag-
ng  guidance  verifies  correct  intra-articular  needle  location
specially  in  obese  patients  or  in  the  case  of  severe
atellofemoral  osteoarthritis  (Fig.  1).  Most  common  modal-
ties  for  imaging  guidance  include  ultrasonography  or
uoroscopy  [11].

Intra-articular  injection  of  HA  (especially  agents  of  high
olecular  weight)  is  widely  used  and  recommended  in  the
anagement  of  patients  with  knee  osteoarthritis  with  mild

o  moderate  clinically  and  radiologically  confirmed  disease
ho  either  had  not  received  other  therapies  or  in  whom
on-pharmacologic  or  pharmacologic  therapies  had  failed

r  had  a  limited  response  [45—47].  Complications  associ-
ted  with  intra-articular  HA  injection  are  rare  and  because
f  its  very  good  safety  profile  and  favorable  benefit/risk
atio  it  can  be  used  even  in  elderly  or  frail  patients  [11,48].
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Figure 1. A 57-year-old man with knee osteoarthritis undergoing intra-articular injection under fluoroscopy guidance. A. Fluoroscopy
image in antero-posterior projection shows a 22-G needle inserted inside the knee joint using a superior lateral approach. B. After intra
articular administration of iodinated contrast material through the 22-G needle, fluoroscopy image confirms correct needle placement inside
the knee joint.

Figure 2. Photographs show the different steps for mesenchymal stem cells (MSC) harvesting. A. Under local anesthesia or mild sedation
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MSC can be harvested from the subumbilical fat. B. The fat samp
aspirated and further injected inside the knee joint (not shown) (co

The  most  commonly  reported  adverse  effects  of  viscosupple-
mentation  include  injection  site  reactions  such  as  local  pain,
swelling  and  arthralgia  which  were  transient  [49].  Sterile
synovitis  is  a  rare,  painful  but  typically  self-limited  disease
that  is  specific  to  HA  injections;  it  is  recommended  not  to
perform  viscosupplementation  in  patients  with  a  history  or
radiographic  evidence  of  calcium  pyrophosphate  dihydrate
arthropathy  [12,50—52].  The  overall  rate  of  adverse  effects
after  repeat  injection  courses  is  very  low  [49,53].

Viscosupplementation  with  HA  has  a  delayed  onset  of

action  providing  pain  relief  2—3  weeks  after  injection  but
the  effects  can  last  up  to  6  months  whilst  retreatment
can  be  considered  in  patients  with  pain  recurrence  [54,55].
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dergoes centrifugation and MSC are isolated. C. Isolated MSC are
sy of Dimitrios Tsoukas, MD, Athens, Greece).

ntra-articular  injections  are  effective  in  reducing  symptoms
n  short  term  clinical  trials,  however,  studies  on  the  long-
erm  effects  of  HA  are  limited  and  with  inconclusive  results
egarding  sustained  symptom  relief  and  delay  in  need  of
otal  knee  arthroplasty  [29,41,49,56,57].  Combined  injec-
ions  of  corticosteroids  and  HA  can  provide  an  increased
eduction  in  pain  in  the  first  2—4  weeks  post  injection  and  at
4—26  and  52  weeks  as  suggested  by  a  Level  II  meta-analysis
58]. Factors  with  negative  impact  on  the  outcome  of  vis-
osupplementation  include  obesity,  a  large  synovial  fluid

ffusion,  a  severe  joint  space  narrowing,  major  malalign-
ent,  a  severe  and/or  isolated  pattelo-femoral  involvement

nd  failure  of  a  previous  HA  injection  [11].
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latelet-rich plasma injection

latelet-rich  plasma  (PRP)  is  a  blood  derived  product,  pre-
ared  by  the  centrifugation  of  autologous  whole  blood,
hich  has  a  high  concentration  of  platelets  that  is  gener-
lly  4—6  times  higher  than  the  subject’s  baseline  platelets
oncentration  [59,60].  PRP  is  high  in  growth  factors  which
re  stored  in  platelet  �-granules  and  have  been  shown
o  stimulate  in  vivo  HA  formation  and  decrease  cartilage
etabolism  [61,62].  Due  to  its  regenerative  and  anti-

nflammatory  effects  PRP  has  been  used  for  intra-articular
reatment  of  mild  to  moderate  knee  osteoarthritis  with
avorable  outcomes  [59].  When  compared  to  placebo  saline
njections  PRP  injections  significantly  reduce  knee  pain  and
mprove  physical  function;  when  compared  to  HA  or  other
ntra-articular  knee  injections  PRP  provide  greater  clinical
mprovement  at  1  year  post-injection  and  are  more  effi-
acious  in  terms  of  pain  relief  and  self-imported  function
mprovement  [6,59,63,64].  Adverse  effects  of  PRP  injection
nd  collection  include  injection  site  pain,  infection,  joint
tiffness,  bleeding  and  non-specific  symptoms  such  as  syn-
ope,  dizziness,  headache,  nausea,  tachycardia  and  gastritis
65].  At  the  moment  there  are  no  clear  guidelines  concern-
ng  exclusion  of  intra-articular  corticosteroids  when  PRP  is
njected,  however,  as  a  general  practice  intra-articular  PRP
njection  should  be  performed  at  least  3  weeks  post  any
otential  corticosteroid  injection.

esenchymal stem cell injection

njection  of  mesenchymal  stem  cells  (MSC)  is  an  alterna-
ive  treatment  option  for  osteoarthritic  knee  pain;  these
ells  secrete,  according  to  the  local  microenvironment,
rowth  factors,  chemokines,  cytokine,  anti-inflammatory
nd  immunomodulatory  molecules  and  thus,  are  consid-
red  to  offer  cartilage  regeneration  or  repair  [66]. MSCs
an  be  obtained  using  minimally  invasive  techniques  from
one  marrow  or  adipose  tissue  (autologous  MSC)  (Fig.  2)
r  from  amniotic  fluid  and  membrane  (allogeneic  MSC);
n  vitro  expansion  of  these  cells  aims  at  the  selection  of

 more  homogenous  MSC  population  [66—68]. Due  to  the
ow  immunogenicity  allogeneic  may  be  a  better  alterna-
ive  than  autologous  MSCs  in  old  patients  or  in  the  case  of
o-morbidities  where  these  cells  can  have  reduced  poten-
ial  to  regenerate  [69—72].  The  current  literature  suggests
hat  MSC  injections  are  safe  and  produce  positive  clinical
utcomes  in  terms  of  pain,  knee  function,  quality  of  life
nd  cartilage  volume;  these  current  studies  have  limited
ollow-up  periods  and  there  is  no  consensus  about  the  ideal
herapeutic  dose  for  MSCs  injection  in  knee  osteoarthritis
14,66,73,74].  Adverse  events  related  to  MSC  treatment  are
ot  severe  and  include  knee  pain  and  swelling  [14].  Before
SC  injection  can  be  used  on  a  wider  scale,  more  research  is
eeded  with  high-level  studies  to  draw  definite  conclusions
bout  the  efficacy  and  long-term  durability  of  this  treatment
12,14,66,73].
ther injectable treatments

ntraarticular  onabotulinum  toxin  A  has  been  used  to  reduce
steoarthritic  knee  pain,  however  the  reported  results  are
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nconsistent  and  conflicting  so  further  trials  are  necessary
o  assess  its  role,  if  any,  as  a  therapeutic  approach  for  knee
steoarthritis  [12,75,76]. Another  experimental  therapy  is
ntraarticular  injection  of  ozone  gas,  which  showed  reduc-
ion  of  pain  and  improvement  of  knee  function  and  quality  of
ife  in  knee  osteoarthritis  but  lasting  for  a  shorter  period  of
ime  compared  to  HA  and  PRP,  with  adverse  events  including
nly  puncture-related  reports  [77,78].  In  knee  osteoarthritis
reatment,  a  gene  therapy  approach  involving  the  intraar-
icular  injection  of  human  chondrocytes  expressing  TGF-�1
TG-C)  has  also  been  used  showing  improvement  in  knee  pain
nd  function  and  delayed  progression  of  cartilage  damage
ut  further  studies  are  needed  to  elucidate  the  long-term
herapeutic  effects  of  this  approach  [79—81].

eurolysis—Neuromodulation

oth  techniques  aim  to  palliative  management  of  chronic
ain  secondary  to  knee  osteoarthritis  (even  in  the  pres-
nce  of  an  artificial  joint);  ablation  modalities  for  neurolysis
nclude  radiofrequency  (continuous  mode)  or  cryotherapy
hilst  pulsed  radiofrequency  mode  can  be  used  for  neu-

omodulation  [8,82]. The  targets  for  neurolysis  include
he  genicular  nerve  branches,  or  peri-articularly  target-
ng  pericapsular  saphenous  nerve  branch  endings  [8,12,82].
enicular  nerves  arise  from  branches  of  the  sciatic,  femoral
nd  obturator  nerves  which  are  derived  from  the  lumbar
lexus  [83,84].  The  typical  targets  during  neurolysis  include
he  superior  lateral,  the  superior  medial  and  inferior  medial
enicular  nerves  running  at  the  femoral  or  tibial  epicondyles
evel  respectively  (Fig.  3)  [82,85,86]. Bony  landmarks  and
maging  guidance  are  pre-requisites  for  safe  and  correct
eedle  placement  in  extra-articular  neurolysis.  Prior  to  the
blation  session  the  physician  must  perform  stimulation
ests  to  the  target  area  and  confirm  sensory  as  evidenced
y  the  presence  of  nerve  related  pain,  in  the  absence  of
ny  motor  nerve  response  [12].  Extra-articular  neuromodu-
ation  can  be  performed  with  pulsed  radiofrequency  mode
n  the  same  target  locations  [8,86—88].  With  both  tech-
iques,  adverse  events  are  rare  and  the  only  worrisome
heoretical  complication  is  vascular  injury  of  the  geniculate
rteries  that  can  result  in  pseudoaneurysm  or  arteriovenous
stula  formation,  hemarthrosis  or  osteonecrosis  [89].  Pulsed
adiofrequency  ablation  (RFA)  tends  to  have  much  less,  if
ny,  effects  but  the  procedure  is  less  painful  with  a  smaller
isk  for  development  of  deafferentation  pain  compared  to
onventional  RFA  [87,90]. Current  evidence  suggests  that
FA  can  be  a safe  and  technically  successful  neuromodula-
ion  technique,  with  pain  reduction  in  knee  lasting  between

 and  12  months  after  the  procedure.  The  use  of  RFA  is
uggested  in  patients  with  confirmed  nerve-related  pain
ut  further  research  is  required  to  better  assess  relative
ffectiveness  compared  to  other  treatments  [8,12,87,88].
n  a  similar  way,  percutaneous  cryotherapy  with  the  direct
pplication  of  low  temperatures  (−20  to−100 ◦C)  in  nerve
ndings  causes  Wallerian  degeneration  and  disrupts  nerve
onduction  with  additional  reduction  in  blood  flow  and
nti-inflammatory  effects  on  the  target  area  [91—94].  Per-

utaneous  cryoneurolysis  had  been  used  for  the  treatment
f  knee  osteoarthritis  pain  with  favorable  results  compared
o  sham  treatment  for  up  to  150  days  with  no  occurrence  of
erious  complications  [95].
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Table  1  Interventional  radiology  techniques  for  pain  reduction  and  mobility  improvement  in  knee  osteoarthritis.

Technique  Practical  aspect  Level  of  evidence  Included  in
guidelines

Intra-articular
corticosteroids

Standard  intra-articular
approach

Conditionally  to
fully
recommended

Yes

Intra-articular  hyaluronic
acid  derivatives

Standard  intra-articular
approach

Conditionally  to
fully
recommended

Yes

Intra-articular  plasma  rich
proteins

Standard  intra-articular
approach—vein
puncture  for  blood
sampling  and
centrifugation

No
recommendations

No

Intra-articular  stem  cells  Standard  intra-articular
approach—abdominal
fat  puncture  for
sampling

No
recommendations

No

Percutaneous  neurolysis  3  RFA  needles  are
placed  extra-articularly

No
recommendations

No

Percutaneous
neuromodulation

Standard  intra-articular
approach  with  a single
RFA  needle

No
recommendations

No

Trans-arterial
embolization

Standard  embolization
technique  of  genocular
arteries

No
recommendations

No

RFA indicates radiofrequency ablation

Figure 3. A 54-year-old woman with knee osteoarthritis undergoing fluoroscopy-guided neurolysis of genicular nerves. A. Fluorocopy
image in antero-posterior projection shows the three radiofrequency electrodes that have been placed at the level of the superior lateral,
superior medial and inferior medial genicular nerves running at the femoral or tibial epicondyles level respectively. B. Fluoroscopy image in
right to left projection (lateral view) shows final position of the three electrodes. The three electrodes are correctly placed at the junction

e thr

e
t

of posterior and middle thirds of the bone. C. Photograph shows th
motor stimulation tests will follow before neurolysis session.

Percutaneous  neuromodulation  can  also  be  performed
through  an  intra-articular  approach  with  the  RFA  tro-

car  inserted  from  the  antero-lateral  region  of  the  knee
joint  (Fig.  4).  With  the  pulsed  mode  neurolysis  the  long
silent  phases  (480  msec)  between  the  short  bursts  of

l
o
p

ee radiofrequency electrodes that have been placed. Sensory and

nergy  application  (10—20  msec)  maintain  tissue  tempera-
ure  below  the  irreversible  tissue  damage  threshold  (the

ong  silent  phases  (480  msec)  between  the  short  bursts
f  energy  application  (10—20  msec)  maintain  tissue  tem-
erature  below  the  irreversible  tissue  damage  threshold
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Figure 4. A 82-year-old woman with knee osteoarthritis undergoing fluoroscopy guided intra-articular neuromodulation. A. Fluorocopy
image in antero-posterior projection shows radiofrequency electrode inserted from the antero-lateral region of the knee joint. B. Fluoroscopy
i tion 

c n an e

[
p
t
a
o
i

T

T
i
t
o
l
t
s
i

i
v
o
k
l
[
f
c
a
r
h
c
t
t

E

T
d
t
S
s
c

o
b
(
a
f
i
m
m
s
a
a
c
t
p
i

C

O
c
t
e
i
L
t
i
p
t
i
k
v
a
o
o
t
a
t

mage in right to left projection (lateral view) shows the final posi
onfirm that the tip of the trocar is correctly placed (midline and i

8].  Intra-articular  pulsed  RF  neurolysis  is  reported  to  sup-
ress  the  excitatory  C  fiber  response  and  the  synaptic
ransmission  resulting  in  immediate  pain  relief;  addition-
lly,  it  causes  an  immune  response  interrupting  production
f  pro-inflammatory  cytokines,  such  as  interleukin-1b  and
nterleukin-6[8].

rans-catheter arterial embolization

rans-catheter  arterial  embolization  of  geniculate  arteries
s  a  novel  minimal  invasive  technique  that  has  been  used
o  alleviate  pain  in  knee  osteoarthritis  and  is  based  on  the
bservation  that  inflammation  causes  abnormal  neovascu-
arization  and  accompanying  sensory  nerves  to  grow,  thus
he  decrease  of  abnormal  blood  flow  in  the  periarticular
oft  tissues  via  embolization  is  a  means  for  suppression  of
nflammation  and  reduction  of  pain  [96,97].

Transcatheter  arterial  embolization  of  geniculate  arter-
es  has  been  used  in  patients  with  resistant  to  conser-
ative  management  mild  to  moderate  radiographic  knee
steoarthritis  resulting  in  improvement  of  pain  scores  and
nee  function  that  were  maintained  for  4—19  months  or  as
ong  as  4  years  of  follow-up  without  serious  adverse  effects
96,97].  Technical  success  of  embolization,  which  was  per-
ormed  with  temporary  embolic  materials,  was  100%  and
umulative  clinical  success  rate  at  6  months  was  86.3%  and
t  3  years  was  79.8%  [96,97].  Adverse  events  that  were
elated  to  embolization  were  minor,  including  subcutaneous
emorrhage  at  the  puncture  site  and  transient  cutaneous
olor  change  on  the  treated  knee  that  resolved  without
reatment  [97].  Non-target  embolization  can  lead  to  poten-
ial  bone  infarction  or  transient  numbness  [12].

valuating osteoarthritis local therapies

o  date,  only  intra-articular  injections  of  hyaluronic  acid
erivatives  or  corticosteroids  are  included  in  the  proposed

herapeutic  algorithm  by  a  task  force  of  the  European
ociety  for  Clinical  and  Economic  Aspects  of  Osteoporo-
is  and  Osteoarthritis  (ESCEO)  (Table  1) [98].  There  is  a
lear  need  for  improving  level  of  evidence  for  the  rest

i
h
n
a

of the radiofrequency trocar inside the knee joint. The two views
quidistant level between tibial and femoral bones).

f  the  techniques  described  in  this  review.  The  economic
urden  of  osteoarthritis  is  significant  including  both  direct
hospital  admissions,  medical  examinations,  drug  therapy)
s  well  as  indirect  (e.g.,  losses  in  productivity  resulting
rom  absence  from  work)  costs.  All  the  proposed  therapies
ncluding  total  joint  replacement  aim  in  pain  reduction  and
obility  improvement  targeting  in  higher  life  quality.  At  the
oment  and  although  the  treatment  costs  (mostly  due  to

urgical  therapies)  steadily  increase  there  are  no  studies
llowing  ready  comparisons  between  different  techniques
nd  therefore  it  is  hard  for  solid  conclusions  to  be  drawn  esp
oncerning  cost  effectiveness.  Another  significant  disadvan-
age  for  cost  effectiveness  evaluation  is  the  wide  variety  of
roducts  and  prices  available  throughout  the  globe  render-
ng  any  comparison  extremely  difficult.

onclusion

steoarthritis  of  the  knee  joint  is  a common  condition  that
onstitutes  a  significant  burden  on  global  healthcare;  in
he  management  of  osteoarthritic  symptoms  many  differ-
nt  local  interventions  have  been  used  to  relieve  pain,
mprove  knee  function  and  prolong  the  time  to  arthroplasty.
ocal  therapies  comprise  intra-articular  injections,  neuro-
omy  and  neuromodulation  techniques  and  transcatheter
ntra-arterial  therapies  which,  in  comparison  to  knee  arthro-
lasty  are  less  expensive  and  need  a  shorter  hospital  stay;
hese  techniques  have  been  proven  safe  and  efficient  in
mproving  knee  osteoarthritis  symptoms.  Local  therapies  for
nee  osteoarthritis  are  governed  by  inconsistent  and  contro-
ersial  evidence;  intra-articular  injections  of  corticosteroids
nd  hyaluronic  acid  derivatives  are  conditionally  to  fully  rec-
mmended  whilst  there  are  no  recommendations  for  the  rest
f  the  local  therapies  [97]. At  present  intra-articular  injec-
ions  of  corticosteroids,  hyaluronic  acid  derivatives  and  PRP
s  well  as  genicular  nerve  neurolysis  are  included  to  the  rou-
ine  knee  osteoarthritis  therapies.  Intra-articular  stem  cells

njection,  neuromodulation  and  trans-arterial  embolization
ave  just  started  gaining  acceptance  whilst  further  trials  are
ecessary  to  assess  the  role  of  ozone,  onabotulinumtoxin  A
nd  human  chondrocytes.  The  treatment  approach  should
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be  personalized  and  patient-centered  to  achieve  successful
clinical  outcomes.  Further  research  is  required  to  investi-
gate  the  potential  of  minimal  invasive  techniques  to  affect
or  reverse  the  progression  of  the  chronic  destructive  disease
process.
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