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f M

ed
ici

ne
‐Ph

oe
nix

, P
ho

en
ix,

 A
Z

Ba
ck
gr
ou

nd
:C

FS
is 

a d
eb

ilit
ati

ng
 sy

nd
rom

e 
tha

t s
ign

ific
an

tly
 af

fec
ts 

the
 da

ily
 liv

es 
of 

tho
se 

aff
lic

ted
. I

ts 
cli

nic
al 

pre
sen

tat
ion

 ca
n v

ary
 fr

om
 

pa
tie

nt 
to 

pa
tie

nt,
 m

ak
ing

 a 
pro

mp
t d

iag
no

sis
 

an
d i

ts 
ma

na
ge

me
nt 

a d
iffi

cu
lt 

tas
k. 

Gr
ou

ps 
of 

me
n a

nd
 w

om
en

 af
fec

ted
 by

 C
FS

 ha
ve

 sh
ow

n 
tw

o p
eak

s o
f it

s i
nc

ide
nc

e b
ase

d o
n t

he
 ag

e 
gro

up
, th

ou
gh

 w
om

en
 ha

ve
 sh

ow
n t

o h
av

e a
 

mo
re 

dis
tin

ct 
sec

on
d p

eak
 th

an
 m

en
. M

an
y 

po
ten

tia
l e

tio
log

ies
 fo

r t
he

 sy
nd

rom
e a

re 
be

ing
 

co
nsi

de
red

, r
an

gin
g f

rom
 au

toi
mm

un
e, 

ne
uro

en
do

cri
ne

, a
nd

 au
ton

om
ic 

sys
tem

6 
dy

sfu
nc

tio
n. 

As
ide

 fr
om

 th
e d

iffe
ren

t c
lin

ica
l 

pre
sen

tat
ion

s o
f th

e s
yn

dro
me

, t
he

 fa
ct 

tha
t 

fat
igu

e i
s a

 ve
ry 

sub
jec

tiv
e s

ym
pto

m 
ma

ke
s t

he
 

dia
gn

osi
s e

ve
n m

ore
 di

ffic
ult

. T
hu

s f
ar,

 m
uc

h o
f 

the
 m

ed
ica

l m
an

ag
em

en
t h

as 
foc

use
d o

n 
all

ev
iat

ing
 th

e s
ym

pto
ms

 ra
the

r t
ha

n t
ack

lin
g t

he
 

syn
dro

me
 it

sel
f. 

Th
is 

is 
pa

rtly
 du

e t
o t

he
 

cu
rre

ntl
y l

im
ite

d u
nd

ers
tan

din
g o

f th
e c

au
se 

of 
the

 sy
nd

rom
e. 

Gi
ve

n i
ts 

ass
oc

iat
ion

 w
ith

 
psy

ch
iat

ric
 co

mo
rbi

dit
ies

, s
uc

h a
s d

ep
res

sio
n 

an
d a

nx
iet

y, 
pa

tie
nts

 ha
ve

 be
en

 tr
eat

ed
 w

ith
 

an
tid

ep
res

san
ts 

an
d C

BT
. T

he
 po

ten
tia

l 
inf

ect
iou

s t
rig

ge
r o

f E
BV

 ha
s a

lso
 le

d t
o 

tre
atm

en
t w

ith
 an

tiv
ira

ls, 
suc

h a
s v

ala
cy

clo
vir

. 
Ma

ny
 ot

he
r f

orm
s o

f tr
eat

me
nt,

 in
clu

din
g 

ap
pro

ach
ing

 th
e s

yn
dro

me
 w

ith
 al

ter
na

tiv
e 

me
dic

ine
, h

as 
be

en
 ut

iliz
ed

 an
d s

ho
wn

 in
 so

me
 

stu
die

s t
o b

e e
ffic

aci
ou

s. 
Fu

rth
er 

rel
iab

le 
cli

nic
al 

tria
ls 

are
 es

sen
tia

l t
o f

urt
he

rin
g o

ur 
un

de
rst

an
din

g o
f th

is 
syn

dro
me

. T
his

 w
ill 

pro
vid

e o
pp

ort
un

itie
s i

n i
ts 

tim
ely

 di
ag

no
sis

 an
d 

eff
ect

ive
 m

an
ag

em
en

t.

M
eth

od
s:W

ec
on

du
cte

d a
 sy

ste
mi

c c
om

pre
he

nsi
ve

 li
ter

atu
re 

sea
rch

 us
ing

 a 
co

lla
bo

rat
ion

 of
 ex

ist
ing

 pu
bli

cat
ion

s i
nv

olv
ing

 
ch

ron
ic 

fat
igu

e s
yn

dro
me

.
Re

su
lts

:
Re

sea
rch

 su
gg

est
 th

at 
the

 in
cid

en
ce 

rat
e o

f M
E/C

FS
 oc

cu
r a

t tw
o a

ge
 pe

ak
s: 

10
 –

19
 ye

ars
 ol

d a
nd

 30
 –

39
 ye

ars
 ol

d. 
Fu

rth
er 

stu
die

s s
ug

ge
st 

the
 tw

o‐p
eak

 pa
tte

rn 
wa

s d
esc

rib
ed

 as
 m

ore
 di

sti
nc

t i
n w

om
en

, w
hil

e t
he

 se
co

nd
 pe

ak
 w

as 
les

s p
ron

ou
nc

ed
 in

 
me

n. 
W

om
en

 ap
pe

ar 
to 

be
 m

ore
 af

fec
ted

 th
an

 m
en

 an
d r

ep
res

en
t t

he
 m

ajo
rity

 of
 th

e M
E/C

FS
 re

sea
rch

 pa
rtic

ipa
nts

. T
he

 
stu

die
s s

ho
we

d t
he

 ag
e o

f o
nse

t to
 be

 yo
un

ge
r i

n m
ale

s i
n c

om
pa

ris
on

 to
 fe

ma
les

 an
d w

as 
oft

en
 tr

igg
ere

d b
y a

n i
nfe

cti
ou

s 
pro

ces
s. 

Ma
les

 re
po

rte
d l

ess
 m

usc
le,

 im
mu

no
log

ica
l, 

an
d n

eu
rov

eg
eta

tiv
e s

ym
pto

ms
. B

oth
 se

xe
s r

ep
ort

ed
 si

mi
lar

 sy
mp

tom
s 

of 
un

ref
res

hin
g s

lee
p.

Th
e c

lin
ica

l p
res

en
tat

ion
 o

f C
FS

 is
 he

ter
og

en
eo

us
, w

ith
 th

e m
ost

 co
mm

on
 sy

mp
tom

s b
ein

g m
en

tal
 

an
d p

hy
sic

al 
fat

igu
e, 

co
gn

itiv
e d

ysf
un

cti
on

, a
nd

 m
oo

d d
ist

urb
an

ces
. O

rth
ost

ati
c h

yp
ote

nsi
on

, m
ala

ise
 af

ter
 ex

ert
ion

, m
usc

le 
we

ak
ne

ss,
 cr

am
ps,

 an
d n

eu
roe

nd
oc

rin
e a

bn
orm

ali
tie

s a
re 

co
mm

on
 pr

ese
nta

tio
ns.

 C
FS

 ha
s a

lso
 a 

sha
red

 pr
ese

nta
tio

n 
wi

th 
int

rac
ran

ial
 hy

pe
rte

nsi
on

.
ME

/C
FS

 w
as 

fir
st 

de
scr

ibe
d i

n r
efe

ren
ce 

to 
po

st‐
Ep

ste
in 

Ba
rr 

Vi
rus

 (E
BV

) f
ati

gu
e. 

Ho
we

ve
r, 

inf
ect

ion
 p

rio
r t

o i
ts 

on
set

 is
 no

t tr
ue

 of
 al

l M
E/C

FS
 pa

tie
nts

; t
hu

s, 
its

 et
iol

og
ica

l s
ign

ific
an

ce 
rem

ain
s u

nc
ert

ain
. I

nfe
cti

ou
s 

trig
ge

rs 
are

 su
gg

est
ed

 to
 co

ntr
ibu

te 
to 

the
 de

ve
lop

me
nt 

of 
ME

/C
FS

 th
rou

gh
 di

sru
pti

on
 of

 no
t o

nly
 th

e i
mm

un
e r

esp
on

se 
bu

t 
als

o m
ito

ch
on

dri
al 

fun
cti

on
ing

 an
d o

the
r c

ell
ula

r p
roc

ess
es.

 F
urt

he
rm

ore
, i

t w
as 

fou
nd

 th
at 

the
 im

mu
ne

 N
.K

. a
nd

 B
 C

ell
s o

f 
ME

/C
FS

 pa
tie

nts
 ha

d a
 re

du
ced

 ex
pre

ssi
on

 o
f th

e t
ran

sie
nt 

rec
ep

tor
 po

ten
tia

l c
ha

nn
el 

of 
the

 m
ela

sta
tin

‐3 
sub

fam
ily

(T
RP

M3
). 

TR
PM

3 g
en

e a
sso

cia
ted

 si
ng

le 
nu

cle
oti

de
 po

lym
orp

his
m 

SN
Ps

 ha
ve

 al
so 

be
en

 re
po

rte
d i

n M
E/C

FS
 

pa
tie

nts
 co

mp
are

d t
o c

on
tro

ls. 
Lip

id 
an

d e
ne

rgy
 m

eta
bo

lis
m 

dy
sfu

nc
tio

n 
are

 al
so5

 th
ou

gh
t to

 co
ntr

ibu
te 

to 
the

 et
iol

og
y o

f 
ME

/C
FS

. W
ith

 ex
erc

ise
, M

E/C
FS

 pa
tie

nts
 ha

ve
 sh

ow
n e

arl
y a

cti
va

tio
n o

f a
na

ero
bic

 m
eta

bo
lic

 pa
thw

ay
s, 

sug
ge

sti
ng

 
im

pa
ire

d o
xy

ge
n c

on
sum

pti
on

. A
 re

cen
t s

tud
y i

nd
uc

ed
 M

.E.
/C

FS
‐ l

ike
 fa

tig
ue

 in
 m

ice
 w

hic
h h

as 
sho

wn
 th

at 
the

se 
mi

ce 
ha

d 
a d

ecr
eas

e i
n p

yru
va

te 
de

hy
dro

ge
na

se,
 a 

cri
tic

al 
en

zy
me

 fo
r o

xid
ati

ve
 m

eta
bo

lis
m.

 F
urt

he
rm

ore
, 

hy
po

tha
lam

ic‐
pit

uit
ary

‐ad
ren

al 
ax

is 
im

pa
irm

en
t m

ay
 co

ntr
ibu

te 
to 

sym
pto

ms
 of

 fa
tig

ue
 an

d l
ow

 m
oo

d. 
EB

V,
 H

HV
‐6B

, a
nd

 
CM

V 
can

 di
sru

pt 
mi

toc
ho

nd
ria

l f
un

cti
on

 an
d m

ay
 co

ntr
ibu

te 
to 

po
st‐

ex
ert

ion
al 

ma
lai

se.
CF

S i
s a

 di
ag

no
sis

 of
 ex

clu
sio

n. 
Di

ag
no

sin
g C

FS
 va

ry 
acr

oss
 co

un
trie

s. 
At

 le
ast

 6 
mo

nth
s o

f d
isa

bli
ng

 fa
tig

ue
 in

 ad
ult

s a
nd

 3 
mo

nth
s i

n c
hil

dre
n/a

do
les

ce
nts

 
tha

t a
ffe

ct 
ph

ysi
cal

 an
d m

en
tal

 fu
nc

tio
n i

s a
n i

mp
ort

an
t i

nd
ica

tor
. T

he
 C

en
ter

s f
or 

Di
sea

se 
Co

ntr
ol 

an
d P

rev
en

tio
n 

est
ab

lis
he

d t
ha

t a
fte

r d
isc

ou
nti

ng
 an

y o
the

r l
ink

s f
or 

ch
ron

ic 
fat

igu
e, 

dia
gn

ost
ic 

cri
ter

ia 
req

uir
ed

 fa
tig

ue
 fo

r a
t le

ast
 6 

mo
nth

s 
an

d 4
 of

 th
e f

oll
ow

ing
 sy

mp
tom

s i
nc

lud
ing

 m
em

ory
 pr

ob
lem

s, 
sor

e t
hro

at,
 po

st‐
ex

ert
ion

 m
ala

ise
, te

nd
er 

cer
vic

al 
or 

ax
illa

ry 
lym

ph
 no

de
s, 

my
alg

ia,
 m

ult
i‐jo

int
 pa

in,
 he

ad
ach

es,
 an

d t
rou

ble
d s

lee
p. 

It h
as 

be
en

 su
gg

est
ed

 th
at 

usi
ng

 
im

mu
ne

‐in
fla

mm
ato

ry 
bio

ma
rke

rs 
ma

y h
elp

 w
ith

 di
ag

no
sis

.
Co

gn
itiv

e‐b
eh

av
ior

al 
the

rap
y(C

BT
) h

as 
sho

wn
 sh

ort
 te

rm
 

res
ult

s. 
Gr

ad
ed

 ex
erc

ise
 th

era
py

 (G
ET

) h
as 

de
mo

nst
rat

ed
 re

du
ced

 fa
tig

ue
 an

d i
mp

rov
ed

 ph
ysi

cal
 fu

nc
tio

n. 
Ad

ap
tiv

e p
aci

ng
 

the
rap

y (
AP

T)
, h

as 
de

mo
nst

rat
ed

 in
co

nsi
ste

nt 
res

ult
s. 

An
tid

ep
res

san
ts 

are
 an

 op
tio

n f
or 

an
xie

ty 
an

d d
ep

res
sio

n. 
Pa

tie
nts

 w
ith

EB
V 

sho
we

d i
mp

rov
em

en
t w

ith
 va

lac
yc

lov
ir. 

Im
mu

ne
 m

od
ula

tor
s h

av
e s

ho
wn

 in
co

nsi
ste

nt 
res

ult
s.

Ac
up

un
ctu

re 
ha

s 
sho

wn
 to

 be
 ef

fic
aci

ou
s i

n r
ed

uc
ing

 sy
mp

tom
s o

f f
ati

gu
e. 

Sh
osa

iko
to‐

ba
sed

 tr
eat

me
nt 

ha
s b

een
 re

po
rte

d t
o p

rov
ide

 ef
fec

tiv
e 

tre
atm

en
t o

f C
FS

 in
 a 

pe
dia

tric
 pa

tie
nt.

 Pr
ob

iot
ic 

tre
atm

en
t h

as 
de

mo
nst

rat
ed

 de
cre

ase
d g

ast
roi

nte
sti

na
l s

ym
pto

ms
, l

ev
els

 of
 

inf
lam

ma
tor

y m
ark

ers
, a

nd
 an

xie
ty 

bu
t fa

ile
d t

o a
lte

r l
ev

els
 of

 de
pre

ssi
on

. T
he

se 
stu

die
s a

re 
lim

ite
d, 

an
d f

urt
he

r r
ese

arc
h i

s 
ne

ed
ed

 to
 de

ter
mi

ne
 ef

fic
acy

.

Ba
ck
gr
ou

nd
:C

hro
nic

fat
igu

e s
yn

dro
me

 (C
FS

) is
 a 

mu
ltif

ace
ted

 ill
ne

ss 
wi

th 
a w

ide
 

arr
ay

 of
 sy

mp
tom

s, 
po

ten
tia

l e
tio

log
ica

l c
au

ses
, a

nd
 pr

og
no

ses
. S

im
ila

rly
, n

am
ing

 of
 

the
 co

nd
itio

n h
as 

pro
ven

 to
 be

 eq
ua

lly
 as

 co
mp

lex
, w

ith
 m

ult
ipl

e a
cce

pte
d 

alt
ern

ati
ves

 su
ch

 as
 m

ya
lgi

c3
 en

cep
ha

lom
ye

liti
s (

M.
E.)

, c
hro

nic
 fa

tig
ue

 im
mu

ne
 

dis
ord

er 
syn

dro
me

 (C
FID

S)
, a

nd
 sy

ste
mi

c e
xe

rti
on

 in
tol

era
nc

e d
ise

ase
 

(S
EI

D)
.C

FS
 alo

ne
 te

nd
s t

o o
ver

sim
pli

fy 
the

 co
mp

lex
ity

 of
 th

e d
ise

ase
 an

d 
un

de
rm

ine
 th

e c
on

ste
lla

tio
n o

f s
ym

pto
ms

 ex
pe

rie
nc

ed
 by

 pa
tie

nts
. T

hu
s, 

a m
ore

 
rec

en
t m

erg
ing

 of
 C

FS
 an

d M
.E.

, a
lso

 kn
ow

n a
s M

E/
CF

S h
as 

be
en

 de
scr

ibe
d t

o 
be

tte
r e

nc
om

pa
ss 

the
 co

mp
lex

ity
 of

 th
e d

ise
ase

 an
d i

ts 
ne

uro
inf

lam
ma

tor
y 

co
mp

on
en

ts.
 In

div
idu

al 
cri

ter
ia 

for
 C

FS
 an

d M
.E.

 sh
are

 ov
erl

ap
pin

g s
ym

pto
ms

 of
 

fat
igu

e, 
ne

uro
co

gn
itiv

e d
ysf

un
cti

on
, d

ist
urb

ed
 sl

eep
, a

nd
 au

ton
om

ic 
dy

sfu
nc

tio
n. 

In 
co

ntr
ast

, a
 re

qu
ire

d i
nfe

cti
ve 

ag
en

t is
 un

iqu
e t

o M
.E.

 an
d i

s a
 m

ajo
r c

rit
eri

a 
co

mp
on

en
t. H

ow
eve

r, 
thi

s is
 co

nsi
de

red
 a 

mi
no

r s
ym

pto
m/

op
tio

na
l c

rite
ria

 fo
r jo

int
 

M
E/

CF
S a

nd
 fu

rth
er 

pro
ves

 th
e m

erg
ed

 te
rm

 to
 be

 m
ore

 en
co

mp
ass

ing
 th

an
 ei

the
r 

CF
S o

r M
.E.

 al
on

e. 
At

 th
e c

ore
 of

 M
E/

CF
S i

s p
ers

ist
en

t a
nd

 di
sab

lin
g f

ati
gu

e t
ha

t 
res

ult
s i

n a
 si

gn
ifi

can
t re

du
cti

on
 in

 ac
tiv

ity
 fo

r g
rea

ter
 th

an
 si

x m
on

ths
. F

urt
he

rm
ore

, 
wo

rse
nin

g o
f s

ym
pto

ms
 af

ter
 m

ild
 ph

ysi
cal

 an
d/o

r m
en

tal
 ex

ert
ion

 is
 a 

ke
y f

eat
ure

 
of 

M
E/

CF
S a

nd
 re

fer
red

 to
 as

 po
st‐

 ex
ert

ion
al 

ma
lai

se.
 U

nre
fre

sh
ing

 sl
eep

, 
co

gn
itiv

e d
ysf

un
cti

on
, in

clu
din

g a
tte

nti
on

 or
 co

nc
en

tra
tio

n d
iff

icu
ltie

s a
s w

ell
 as

 
ort

ho
sta

tic
 in

tol
era

nc
e, 

are
 fu

rth
er 

fin
din

gs 
co

mm
on

 to
 M

E/
CF

S p
ati

en
ts.

 I
n 

ad
dit

ion
 to

 a 
po

ten
tia

l tr
ivi

ali
zat

ion
 of

 th
e d

ise
ase

, th
e t

erm
 ch

ron
ic 

fat
igu

e 
syn

dro
me

 (C
FS

) c
om

pli
cat

es 
its

 di
sti

nc
tio

n f
rom

 id
iop

ath
ic 

ch
ron

ic 
fat

igu
e (

IC
F)

. 
Fa

tig
ue

 is
 a 

co
mm

on
 co

mp
lai

nt 
an

d c
an

 be
 id

iop
ath

ic 
or 

a s
ym

pto
ma

tic
 co

mp
on

en
t 

of 
var

iou
s i

lln
ess

es.
 An

 in
div

idu
al’

s p
erc

ep
tio

n o
f fa

tig
ue

 is
 su

bje
cti

ve 
an

d c
an

 be
 

pe
rce

ive
d d

iff
ere

ntl
y i

n r
ela

tio
n t

o n
ot 

on
ly 

ph
ysi

cal
 st

res
s b

ut 
als

o p
syc

ho
log

ica
l 

an
d s

oc
ial

 st
res

s. F
or 

the
 sa

me
 re

aso
n t

ha
t d

ete
cti

on
 an

d q
ua

nti
fic

ati
on

 of
 fa

tig
ue

 ar
e 

dif
fic

ult
, fi

nd
ing

 an
 ac

cu
rat

e d
iag

no
sti

c t
est

 fo
r M

E/
CF

S h
as 

be
en

 co
mp

lic
ate

d, 
as 

we
ll. 

De
sp

ite
 se

em
ing

ly 
sim

ila
r f

eat
ure

s, 
the

re 
are

 cl
ini

cal
 di

sti
nc

tio
ns

 be
tw

een
 

ex
pe

rie
nc

ing
 fa

tig
ue

 (IC
F)

 an
d s

uff
eri

ng
 fr

om
 ch

ron
ic 

fat
igu

e s
yn

dro
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e c
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e n
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d c
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d o
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, d
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e p
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l s
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S c
an

 m
an

ife
st 

as 
sh

arp
, a

ch
ing

, a
nd

/or
 tin

gli
ng

 se
ns

ati
on

s i
n t

he
 ba

ck
, b
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rvi
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e r
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d f
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e u
se 

of 
ab

do
mi

na
l p

ain
 in

 
ch

ron
ic 

ab
do

mi
na

l p
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 re
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d h
ead

‐ t
o‐h

ead
. In

 th
eo

ry,
 a 

po
ste

rio
r a

pp
roa

ch
 ap

pe
ars

 to
 be

 le
ss 

inv
asi

ve
, a

nd
 

mo
re 

rea
dil

y a
do

pte
d b

y s
pin

e i
nte

rve
nti

on
ali

sts
. 

No
 stu

die
s t

o t
he

 w
rit

ers
’ k

no
wl

ed
ge

 ha
ve

 be
en

 
do

ne
 to

 lo
ok

 at
 th

e d
iff

ere
nc

e b
etw

een
 th

e t
wo

 
ap

pro
ach

es.
 S

I fu
sio

n d
ev

ice
s d

o p
ose

 a 
pro

mi
sin

g 
wa

y o
f tr

eat
ing

 ch
ron

ic 
low

er 
ba

ck
 pa

in.

M
eth

od
s:

W
e c

on
du

cte
d a

 sy
ste

mi
c c

om
pre

he
nsi

ve
 li

ter
atu

re 
sea

rch
 us

ing
 a 

co
lla

bo
rat

ion
 of

 ex
ist

ing
 pu

bli
cat

ion
s i

nv
olv

ing
 

stu
die

s o
n i

nte
rve

nti
on

al 
tec

hn
iqu

es 
for

 ch
ron

ic 
pa

in 
wi

th 
mi

nim
all

y i
nv

asi
ve

 ar
thr

od
esi

s o
f th

e s
acr

oil
iac

 jo
int

Re
su

lts
:T

he
 la

ter
al 

ap
pro

ach
 fo

r M
IS 

fus
ion

 in
clu

de
s S

I f
usi

on
 de

vic
es 

suc
h a

s i
FU

SE
an

d T
riC

or™
. A

 pr
osp

ect
ive

, 
mu

ltic
en

ter
, o

pe
n‐l

ab
el 

ran
do

mi
zed

 co
ntr

oll
ed

 tr
ial

 th
at 

en
rol

led
 pa

tie
nts

 w
ith

 un
ila

ter
al 

or 
bil

ate
ral

 sa
cro

ilia
c j

oin
t (

SIJ
) 

dy
sfu

nc
tio

n 
rel

ate
d t

o d
eg

en
era

tiv
e s

acr
oil

iiti
s a

nd
/or

 sa
cro

ilia
c j

oin
t d

isr
up

tio
n w

as 
co

nd
uc

ted
 at

 19
 in

sti
tut

ion
s i

n t
he

 U
nit

ed
 

Sta
tes

. T
he

 tri
al 

co
mp

are
d s

urg
ica

l (
iFu

se)
 ve

rsu
s n

on
‐su

rgi
cal

 m
an

ag
em

en
t (

NS
M)

 of
 SI

J d
ysf

un
cti

on
. A

t s
ix 

mo
nth

s, 
83

 of
 

10
2 p

art
ici

pa
nts

 in
 th

e S
IJ 

fus
ion

 co
ho

rt 
me

t th
e p

rim
ary

 en
dp

oin
t w

hic
h w

as 
a b

ina
ry 

suc
ces

s/f
ail

ure
 co

mp
osi

te 
en

dp
oin

t. 
Th

e
int

en
t to

 tre
at 

in 
suc

ces
s r

ate
 w

as 
54

.5%
. V

AS
 pa

in 
im

pro
ve

me
nt 

for
 su

rgi
cal

 m
an

ag
em

en
t w

as 
81

.6%
 ve

rsu
s 1

2.5
% 

for
 N

SM
, 

OD
I s

co
res

 im
pro

ve
d b

y 7
2.4

% 
for

 su
rgi

cal
 m

an
ag

em
en

t v
s. 

10
% 

for
 N

SM
. P

ati
en

ts 
we

re 
all

ow
ed

 to
 cr

oss
ov

er 
fro

m 
NS

M 
to 

sur
gic

al 
ma

na
ge

me
nt 

aft
er 

the
 6‐

mo
nth

 m
ark

. P
ati

en
ts 

wh
o c

ros
sed

 ov
er 

ha
d s

im
ila

r i
mp

rov
em

en
ts 

in 
pa

in 
(m

ean
 de

cre
ase

 of
 

42
.5 

po
int

s P
 < 

0.0
01

) a
nd

 O
DI

 (m
ean

 de
cre

ase
 of

 26
.3 

po
int

s P
 < 

0.0
01

) a
t th

e s
ix‐

mo
nth

 fo
llo

w‐
up

.
Th

e p
ost

eri
or 

ap
pro

ach
 fo

r M
IS 

fus
ion

 in
clu

de
d t

he
 C

orn
erL

oc
™

, R
ial

to™
, a

nd
 Pa

inT
eq

Lin
QT

M
de

vic
es.

 P
rio

r t
o F

eb
rua

ry 
20

21
, 

pu
bli

she
d l

ite
rat

ure
 th

at 
ev

alu
ate

d o
r u

tili
zed

 C
orn

erL
oc

wa
s n

ot 
ide

nti
fie

d. 
Ho

we
ve

r, 
a r

an
do

mi
zed

, m
ult

ice
nte

r, 
op

en
‐la

be
l 

stu
dy

 is
 cu

rre
ntl

y i
n t

he
 re

cru
itm

en
t p

ha
se.

Cu
rre

ntl
y, 

Co
rne

rL
oc

is 
spo

nso
rin

g t
he

 st
ud

y t
o c

om
pa

re 
its

 de
vic

e t
o 

int
ra‐

art
icu

lar
 sa

cro
ilia

c j
oin

t s
ter

oid
 in

jec
tio

ns.
A 

ret
ros

pe
cti

ve
 ch

art
 re

vie
w 

inc
lud

ing
 14

 pa
tie

nts
 w

as 
pe

rfo
rm

ed
 to

 as
ses

s 
the

 R
ail

to
sys

tem
 on

 its
 ef

fec
t o

n l
ow

 ba
ck

 pa
in 

an
d n

arc
oti

c m
ed

ica
tio

n c
ha

ng
es.

 P
ati

en
ts 

rec
eiv

ing
 th

e R
ail

to
sys

tem
 re

po
rte

d 
low

er 
VA

S s
co

res
 an

d a
 lo

we
r m

orp
hin

e m
illi

gra
m 

eq
uiv

ale
nt 

(M
ME

). 
In 

a 2
4 p

ati
en

t r
etr

osp
ect

ive
 ch

art
 re

vie
w 

me
asu

rin
g 

ou
tco

me
s w

ith
 in

tra
op

era
tiv

e s
ter

ota
cti

cn
av

iga
tio

n, 
the

 tr
eat

me
nt 

gro
up

(R
ail

to)
 re

po
rte

d a
 sig

nif
ica

nt 
red

uc
tio

n i
n l

ow
er 

ba
ck

 
pa

in 
an

d l
eg

 pa
in.

5. 
A 

ret
ros

pe
cti

ve
 ca

se 
ser

ies
 of

 si
xte

en
 pa

tie
nts

 w
ho

 re
cei

ve
d t

he
 L

inQ
SI 

rep
ort

ed
 im

pro
ve

d p
ain

 an
d 

de
cre

ase
 in

 op
ioi

d c
on

sum
pti

on
. A

 m
ult

ice
nte

r p
ros

pe
cti

ve
 st

ud
y o

f th
e L

inQ
sys

tem
 is

 cu
rre

ntl
y e

nro
llin

g p
ati

en
ts.

A 
ret

ros
pe

cti
ve

 re
vie

w 
of 

pa
tie

nts
 w

as 
pe

rfo
rm

ed
 to

 co
mp

are
 th

e c
lin

ica
l o

utc
om

es 
of 

SI 
joi

nt 
fus

ion
 be

tw
een

 cy
lin

dri
cal

 
thr

ead
ed

 im
pla

nts
 (C

TI
) (

Ri
alt

o, 
Me

dtr
on

ic)
 an

d t
ria

ng
ula

r ti
tan

ium
 im

pla
nts

 (T
TI

) (
iFU

SE
, S

IB
on

e).
 It

 w
as 

co
nc

lud
ed

 th
at 

the
re 

wa
s a

 sig
nif

ica
nt 

im
pro

ve
me

nt 
in 

pa
in 

an
d d

isa
bil

ity
, b

ut 
the

re 
wa

s n
o s

ign
ific

an
t d

iffe
ren

ce 
be

tw
een

 th
e t

wo
 sy

ste
ms

.I
n 

a R
CT

, tr
ian

gu
lar

 tit
an

ium
 im

pla
nt 

gro
up

 re
po

rte
d a

 sig
nif

ica
nt 

de
cre

ase
 of

 th
e r

efe
rre

d l
eg

 pa
in 

co
mp

on
en

t o
f S

I jo
int

 pa
in.

Fu
rth

erm
ore

, a
no

the
r R

CT
 sh

ow
ed

 th
at 

the
 tr

ian
gu

lar
 tit

an
ium

 im
pla

nt 
gro

up
 re

po
rte

d a
 lo

we
r V

AS
 as

 6 
mo

nth
s a

nd
 

im
pro

im
en

ti
n O

DI
 at

 24
 m

on
ths

. A
dv

ers
e e

ve
nts

 w
ere

 lo
w 

in 
the

 su
rgi

cal
 gr

ou
p, 

wi
th 

on
ly 

thr
ee 

pa
tie

nts
 un

de
rgo

ing
 re

vis
ion

 
sur

ge
ry 

wi
thi

n t
he

 24
 m

on
ths

 fo
llo

w‐
up

 pe
rio

d. 
A 

2‐y
ear

 m
ult

ice
nte

r p
ros

pe
cti

ve
 st

ud
y l

oo
ke

d a
t th

e r
esu

lts
 of

 su
rgi

cal
 

ma
na

ge
me

nt 
tw

o y
ear

s a
fte

r r
ece

ivi
ng

 tr
ian

gu
lar

 tit
an

ium
 im

pla
nts

. O
ne

 hu
nd

red
 se

ve
nty

‐tw
o s

ub
jec

ts 
at 

26
 U

S s
ite

s w
ere

 
en

rol
led

 an
d u

nd
erw

en
t m

ini
ma

lly
 in

va
siv

e S
I jo

int
 fu

sio
n w

ith
 th

e t
ria

ng
ula

r t
ita

niu
m 

im
pla

nts
. I

mp
lan

t g
rou

p r
ep

ort
ed

 a 
de

cre
ase

 in
 V

AS
 an

d O
DI

 w
hic

h r
em

ain
ed

 lo
w 

at 
24

 m
on

ths
. Q

ua
lity

 of
 lif

e s
co

res
 m

eas
ure

d b
y E

uro
QO

L‐
5D

 im
pro

ve
d a

t 1
2 

an
d 2

4 m
on

ths
. T

he
 pe

rce
nta

ge
 of

 pa
tie

nts
 th

at 
we

re 
tak

ing
 op

ioi
ds 

in 
the

 st
ud

y d
ecr

eas
ed

 fr
om

 76
.2%

 to
 55

.0%
 at

 24
 m

on
ths

. 
8 p

ati
en

ts 
ha

d u
nd

erg
on

e o
ne

 or
 m

ore
 re

vis
ion

 su
rge

rie
s. 

CT
 sc

an
s a

t o
ne

 ye
ar 

sho
we

d a
 hi

gh
 ra

te 
of 

bo
ne

 ad
he

ren
ce 

to 
at 

las
t

2 i
mp

lan
ts 

(97
%)

.

Ba
ck

gr
ou

nd
:

Ac
ute

 an
d c

hro
nic

 pa
in 

is 
a p

ub
lic

 he
alt

h i
ssu

es 
tha

t c
lin

ici
an

s h
av

e b
een

 ba
ttli

ng
 fo

r y
ear

s. 
Op

ioi
d m

ed
ica

tio
ns 

ha
ve

 be
en

 th
e m

ain
sta

y o
f tr

eat
me

nt 
for

 bo
th 

acu
te 

an
d c

hro
nic

 
pa

in.
De

ath
s f

rom
 pr

esc
rib

ed
 op

ioi
ds 

ha
ve

 m
ore

 th
an

 
qu

ad
rup

led
 in

 th
e U

SA
 si

nc
e 1

99
9, 

an
d t

he
 sa

me
 pa

tte
rn 

is 
no

w 
oc

cu
rri

ng
 al

l o
ve

r t
he

 w
orl

d. 
Ch

ron
ic 

pa
in,

 w
hic

h o
ccu

rs 
in 

ab
ou

t 1
0%

 of
 th

ose
 w

ho
 ha

ve
 su

rge
ry,

 ty
pic

all
y b

eg
ins

 as
 ac

ute
 

pa
in 

tha
t is

 di
ffic

ult
 to

 co
ntr

ol 
bu

t th
at 

can
 pe

rsi
st 

int
o a

 pa
in 

co
nd

itio
n w

ith
 ne

uro
pa

thi
c f

eat
ure

s u
nre

spo
nsi

ve
 to

 op
ioi

ds.
 

Th
is 

is 
wh

ere
 th

e t
rea

tm
en

t o
f p

ain
 ne

ed
s c

los
er 

att
en

tio
n t

o 
wh

at 
is 

co
nsi

de
red

 “d
iffi

cu
lt 

to 
co

ntr
ol”

 in
 te

rm
s o

f p
ain

 to
 st

op
 

the
 pr

og
res

sio
n t

o c
hro

nic
 pa

in.
 It

 ha
s b

een
 pr

op
ose

d t
ha

t a
 

clo
ser

 lo
ok

 at
 ge

ne
tic

s a
nd

 ne
uro

ph
ysi

olo
gic

al 
ch

ara
cte

ris
tic

s 
of 

pa
tie

nts
 m

igh
t f

av
or 

cer
tai

n m
ed

ica
tio

ns.
 A

s w
ell

, a
na

tom
ic 

an
d m

eta
bo

liz
ing

 pa
tte

rns
 of

 in
div

idu
al 

pa
tie

nts
 sh

ou
ld 

be
 

tak
en

 in
to 

co
nsi

de
rat

ion
. S

acr
oil

iac
 jo

int
 (S

I) 
pa

in 
is 

a c
om

mo
n 

cau
se 

of 
bo

th 
acu

te 
an

d c
hro

nic
 lo

w 
ba

ck
 pa

in.
 It 

aff
ect

s a
bo

ut 
15

 %
 to

 25
% 

of 
pa

tie
nts

 w
ith

 ax
ial

 lo
w 

ba
ck

 pa
in.

 In
 th

e p
ast

, a
 

co
mm

on
 m

eth
od

 to
 di

ag
no

se 
SI 

pa
in 

wa
s t

he
 us

e o
f a

 sm
all

 
do

se 
of 

loc
al 

an
est

he
tic

. S
I jo

int
 pa

in 
mu

st 
be

 di
sti

ng
uis

he
d 

fro
m 

pa
in 

em
an

ati
ng

 fr
om

 th
e l

um
ba

r s
pin

e, 
the

 SI
 jo

int
 

its
elf

,a
nd

 th
e h

ip 
joi

nt.
 C

lun
eal

ne
rve

 pa
tho

log
y a

s w
ell

 as
 so

ft 
tis

sue
 pa

tho
log

y s
ho

uld
 al

so 
be

 co
nsi

de
red

 in
 th

e d
iffe

ren
tia

l. 
Sin

ce 
pa

in 
in 

thi
s r

eg
ion

 ca
n s

tem
 fr

om
 m

ult
ipl

e c
au

ses
, it

 is
 

im
po

rta
nt 

for
 cl

ini
cia

ns 
to 

tak
e a

 th
oro

ug
h h

ist
ory

 to
 try

 to
 

ide
nti

fy 
the

 so
urc

e o
f th

e p
ain

 in
 th

e S
I r

eg
ion

 an
d c

los
ely

 
ev

alu
ate

 ph
ysi

cal
 ex

am
ina

tio
n f

ind
ing

s. 
Re

cen
t a

dv
an

ces
 in

 
the

 tr
eat

me
nt 

of 
SI 

joi
nt 

pa
in 

ha
ve

 le
d t

o t
he

 cr
eat

ion
 of

 SI
 jo

int
 

fus
ion

 de
vic

es.
 T

he
se 

fus
ion

 4 
de

vic
es 

see
k t

o s
tab

iliz
e t

he
 

joi
nts

 th
em

sel
ve

s s
o t

ha
t th

ey
 ar

e i
mm

ob
ile

 an
d, 

in 
the

ory
, c

an
 

no
 lo

ng
er 

be
 a 

sou
rce

 of
 pa

in.
 T

his
 is

 a 
mi

nim
all

y i
nv

asi
ve

 
pro

ced
ure

 ai
me

d t
o a

dd
res

s t
he

 ch
ron

ic 
pa

in 
en

du
red

 by
 

pa
tie

nts
 w

ith
ou

t s
ub

jec
tin

g t
he

m 
to 

len
gth

y s
urg

ery
 or

 
me

dic
ati

on
s w

ith
 th

e p
ote

nti
al 

for
 ad

dic
tio

n a
nd

 ab
use

, s
uc

h a
s 

op
ioi

ds.
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Co
nc
lus

ion
:

Th
ese

 no
ve

l 
for

mu
lat

ion
s s

ho
w 

gre
at 

pro
mi

se 
in 

ter
ms

 
of 

the
 ab

ilit
y t

o 
pro

lon
g t

he
 du

rat
ion

 
of 

sin
gle

 in
jec

tio
n 

PN
Bs

. T
his

 fie
ld 

is 
sti

ll c
urr

en
tly

 in
 

de
ve

lop
me

nt,
 an

d 
mo

re 
cli

nic
al 

stu
die

s 
wi

ll n
eed

 to
 be

 do
ne

 
to 

en
su

re 
the

 sa
fet

y 
an

d e
ffi

cac
y o

f th
ese

 
no

ve
l fo

rm
ula

tio
ns

. 
Th

ese
 fo

rm
ula

tio
ns

 
co

uld
 be

 th
e f

utu
re 

of 
pa

in 
ma

na
ge

me
nt 

if 
mo

re 
res

ear
ch

 
co

nti
nu

es 
to 

pro
ve

 
the

ir p
osi

tiv
e e

ffe
cts

 
an

d l
ow

 si
de

 ef
fec

t 
pro

file
s.

M
eth

od
s:W

ec
on

du
cte

d a
 sy

ste
mi

c c
om

pre
he

ns
ive

 li
ter

atu
re 

sea
rch

 us
ing

 
a c

oll
ab

ora
tio

n o
f e

xis
tin

g p
ub

lic
ati

on
s i

nv
olv

ing
 no

ve
l lo

cal
 an

est
he

tic
s

Re
su
lts

:
Ad

eq
ua

te 
co

ntr
ol 

of 
pa

in 
in 

the
 po

sto
pe

rat
ive

 pe
rio

d i
s i

mp
ort

an
t fo

r m
an

y 
rea

son
s. 

On
e i

s t
ha

t a
de

qu
ate

 co
ntr

ol 
can

 pr
ote

ct 
the

 pa
tie

nt 
fro

m 
the

 
de

ve
lop

me
nt 

of 
ch

ron
ic 

pa
in 

as 
a r

esu
lt o

f th
e s

urg
ery

. It
 ca

n a
lso

 de
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ult
, 

for
 bo

th 
pra

cti
ca

l a
nd

 et
hic

al 
rea

son
s. 

Pa
tie

nts
 

wi
th 

oc
cip

ita
l n

erv
e s

tim
ula

tor
s w

ill 
alm

ost
 

alw
ay

s f
eel

 pa
res

the
sia

 fr
om

 st
im

ula
tio

n, 
wh

ile
 

sha
m 

sti
mu

lat
ion

 w
ill 

no
t e

lic
it a

ny
 se

nsa
tio

n. 
An

y a
tte

mp
ts 

at 
ma

sk
ing

 w
ill 

soo
n f

ail
 af

ter
 th

e 
on

set
 of

 tr
ea

tm
en

t. 
Stu

die
s w

ith
 cr

oss
ov

er 
ass

ign
me

nt 
mi

tig
ate

 th
is 

pro
ble

m 
by

 ha
vin

g e
ac

h 
su

bje
ct 

ser
ve

 as
 hi

s o
r h

er 
ow

n c
on

tro
l. 

Fu
rth

er,
 

sha
m 

su
rge

rie
s a

re 
co

nsi
de

red
 et

hic
all

y 
un

ac
cep

tab
le 

by
 m

an
y, 

as 
su

ch
 a 

su
rge

ry 
ex

po
ses

 
a p

ati
en

t t
o h

ea
lth

 ri
sk

s w
ith

ou
t a

ny
 po

ssi
ble

 
be

ne
fit.

 T
he

se 
dif

fic
ult

ies
 in

 st
ud

y d
esi

gn
 m

ay
 

ex
pla

in 
wh

y t
he

re 
are

 cu
rre

ntl
y n

o F
DA

-ap
pro

ve
d 

im
pla

nta
ble

 oc
cip

ita
l n

erv
e s

tim
ula

tor
s f

or 
the

 
tre

atm
en

t o
f m

igr
ain

e. 
W

hil
e O

NS
 is

 no
t 

ap
pro

ve
d s

pe
cif

ica
lly

 fo
r m

igr
ain

e, 
ne

uro
sti

mu
lat

ion
is 

ap
pro

ve
d 

by
 th

e F
DA

 fo
r t

he
 

tre
atm

en
t o

f c
ert

ain
 pa

in 
syn

dro
me

s; 
thu

s, 
ON

S 
rem

ain
s a

n o
ff-

lab
el 

ap
pli

ca
tio

n o
f 

ne
uro

sti
mu

lat
ion

an
d i

s s
till

 ac
ces

sib
le 

for
 

pa
tie

nts
 w

ith
 in

tra
cta

ble
 m

igr
ain

e. 
M

igr
ain

e, 
esp

eci
all

y 
the

 ch
ron

ic 
for

m,
 is

 a 
de

bil
ita

tin
g 

co
nd

itio
n 

tha
t c

au
ses

 pr
ofo

un
d n

eg
ati

ve
 ef

fec
ts 

on
 

qu
ali

ty 
of 

life
. C

urr
en

t m
ed

ica
tio

ns
 p

rov
e 

eff
ect

ive
 fo

r s
om

e p
ati

en
ts 

bu
t a

re 
no

t a
lw

ay
s 

su
cce

ssf
ul 

an
d a

re 
pro

ne
 to

 ov
eru

se.
 F

urt
he

rm
ore

, 
pa

tie
nts

 w
ho

 ov
eru

se 
ac

ute
 re

lie
f m

ed
ica

tio
ns 

ha
ve

 a 
hig

he
r r

isk
 of

 th
eir

 co
nd

itio
n 

wo
rse

nin
g. 

ON
S s

ho
ws

 p
rom

ise
 an

d c
ou

ld 
be

 re
co

mm
en

de
d 

as 
a n

on
-ph

arm
ac

olo
gic

al 
alt

ern
ati

ve
 tr

ea
tm

en
t 

for
 in

tra
cta

ble
 m

igr
ain

e a
nd

 ot
he

r c
hro

nic
 

he
ad

ac
he

 co
nd

itio
ns

. 

M
eth

od
s:W

ec
on

du
cte

d a
 sy

ste
mi

c c
om

pre
he

ns
ive

 li
ter

atu
re 

sea
rch

 us
ing

 a 
co

lla
bo

rat
ion

 of
 ex

ist
ing

 
pu

bli
cat

ion
s in

vo
lvi

ng
 m

ult
ice

nte
r r

an
do

mi
zed

 si
ng

le-
bli

nd
ed

 st
ud

ies
, d

ou
ble

 bl
ind

ed
 st

ud
ies

, o
pe

n-l
ab

el 
ran

do
mi

zed
 

cro
sso

ve
r s

tud
ies

, a
nd

 op
en

 la
be

l u
nc

on
tro

lle
d 

stu
die

s. 
Th

ese
 st

ud
ies

 in
vo

lve
d 

the
 ef

fic
ac

y 
an

d s
afe

ty 
of 

oc
cip

ita
l n

erv
e 

sti
mu

lat
ion

. E
xis

tin
g 

da
ta 

fro
m 

cli
nic

al 
tri

als
 su

pp
ort

 th
e o

ve
ral

l s
afe

ty 
an

d e
ffi

ca
cy

 o
f o

cci
pit

al 
ne

rve
 st

im
ula

tio
n f

or 
the

 
tre

atm
en

t o
f c

hro
nic

 m
igr

ain
e. 

Re
su

lts
:

Ex
ist

ing
 da

ta 
fro

m 
cli

nic
al 

stu
die

s s
up

po
rts

 th
e o

ve
ral

l s
afe

ty 
an

d e
ffi

ca
cy

 o
f o

cci
pit

al 
ne

rve
 st

im
ula

tio
n f

or 
the

 tr
ea

tm
en

to
f

ch
ron

ic 
mi

gra
ine

, a
lth

ou
gh

 th
ere

 ar
e f

ew
 la

rge
 co

ntr
oll

ed
, d

ou
ble

-bl
ind

ed
 st

ud
ies

. T
ren

tm
an

TL
 et

 al
. a

sse
sse

d 
the

 ef
fic

ac
y 

an
d s

afe
ty 

of 
ON

S t
hro

ug
h a

n O
pe

n-l
ab

el,
 u

nc
on

tro
lle

d 
stu

dy
. N

ine
 pa

rti
cip

an
ts 

wi
th 

me
dic

all
y 

ref
rac

tor
y h

ea
da

ch
e 

dis
ord

ers
 re

cei
ve

d 
sti

mu
lat

or 
im

pla
nts

. A
t o

ne
 ye

ar,
 7 

of 
the

 8 
pa

tie
nts

 ac
qu

ire
d f

air
 or

 be
tte

r r
esu

lts
 in

 th
e r

ed
uc

tio
n o

f 
dis

ab
ilit

y w
ith

 5 
pa

tie
nts

 ra
tin

g g
rea

ter
 th

an
 90

% 
red

uc
tio

n. 
Th

ere
 w

as 
a m

ea
n d

ecr
ea

se 
in 

the
 nu

mb
er 

of 
he

ad
ac

he
 d

ay
s a

t 
28

.5 
(S

D 
= 2

9.6
). H

ea
da

ch
e s

ev
eri

ty 
sco

re 
on

 av
era

ge
 de

cre
ase

d 
by

 0.
88

 (S
D 

= 1
.36

). N
o m

ajo
r a

dv
ers

e e
ve

nts
 w

ere
 

rep
ort

ed
. O

NS
 sh

ow
ed

 a 
cli

nic
all

y s
ign

ific
an

t r
ed

uc
tio

n i
n h

ea
da

ch
e f

req
ue

nc
y 

an
d s

ev
eri

ty,
 al

tho
ug

h l
ac

k o
f c

on
tro

l g
rou

p 
pre

clu
de

s c
on

clu
sio

ns
 o

n s
tat

ist
ica

l s
ign

ific
an

ce
. L

ow
 ra

te 
of 

ad
ve

rse
 ev

en
ts 

su
gg

est
s p

oss
ibl

e i
mp

rov
em

en
ts 

in 
saf

ety
. 

Li
pto

n R
 co

nd
uc

ted
 a 

ph
ase

 II
, ra

nd
om

ize
d, 

do
ub

le-
bli

nd
. P

art
ici

pa
nts

 (n
 = 

12
5) 

we
re 

ran
do

ml
y a

ssi
gn

ed
 to

 a 
tre

atm
en

t 
gro

up
 (n

 = 
63

) o
r c

on
tro

l g
rou

p (
n =

 62
). T

he
 tr

ea
tm

en
t g

rou
p r

ece
ive

d 
ac

tiv
e n

eu
ros

tim
ula

tio
n

fro
m 

the
 on

set
 of

 th
e t

ria
l, 

wh
ile

 th
e c

on
tro

l g
rou

p r
ece

ive
d 

sha
m 

sti
mu

lat
ion

 fr
om

 th
e o

nse
t o

f t
he

 tr
ial

 to
 12

 w
eek

s p
ost

-ac
tiv

ati
on

. T
he

 co
ntr

ol 
gro

up
 

rec
eiv

ed
 re

al 
sti

mu
lat

ion
 fo

llo
wi

ng
 th

e 1
2-w

eek
 fo

llo
w-

up
. T

rea
tm

en
t g

rou
p a

ch
iev

ed
 o

n a
ve

rag
e a

 5.
5-d

ay
/m

on
th 

(S
D 

= 
8.7

) r
ed

uc
tio

n i
n m

igr
ain

e f
req

ue
nc

y, 
wh

ile
 th

e c
on

tro
l g

rou
p a

ch
iev

ed
 a 

3.9
-da

y/m
on

th 
(S

D 
= 8

.2)
 re

du
cti

on
. I

nc
ide

nc
e o

f 
ad

ve
rse

 ev
en

ts 
wa

s c
om

pa
rab

le 
be

tw
een

 tr
ea

tm
en

t a
nd

 co
ntr

ol 
gro

up
s, 

bu
t m

erg
ing

 th
e c

on
tro

l g
rou

p i
nto

 th
e t

rea
tm

en
t 

gro
up

 af
ter

 12
 w

eek
s l

im
its

 th
e d

ata
’s 

use
ful

ne
ss.

 R
esu

lts
 fr

om
 th

is 
tria

l w
ere

 in
co

nc
lus

ive
 g

ive
n t

he
 m

erg
ing

 of
 tr

eat
me

nt 
an

d c
on

tro
l g

rou
ps.

 A
dd

itio
na

l t
ria

ls 
wi

th 
mo

re 
sta

tis
tic

all
y 

sou
nd

 de
sig

n a
re 

ne
ces

sar
y 

to 
dra

w 
co

nc
lus

ion
s. 

Ga
rci

a-O
rte

ga
 

R 
et 

al.
 al

so 
co

nd
uc

ted
 a

n O
pe

n-l
ab

el,
 u

nc
on

tro
lle

d 
stu

dy
. S

ev
en

tee
n 

pa
rti

cip
an

ts 
wi

th 
ch

ron
ic 

mi
gra

ine
 (n

 = 
12

) o
r c

hro
nic

 
clu

ste
r h

ea
da

ch
es 

(n 
= 5

) w
ere

 en
rol

led
. P

ati
en

ts 
we

re 
tre

ate
d w

ith
 pa

res
the

sia
-fr

ee
 b

urs
t o

cci
pit

al 
ne

rve
 st

im
ula

tio
n (

bO
NS

). 
Fo

r c
hro

nic
 m

igr
ain

e, 
pa

tie
nts

 ex
pe

rie
nc

ed
 o

n a
ve

rag
e a

 re
du

cti
on

 of
 10

.2 
he

ad
ac

he
 da

ys/
mo

nth
. F

or 
ch

ron
ic 

clu
ste

r 
he

ad
ac

he
, c

lus
ter

 at
tac

k f
req

ue
nc

y 
wa

s r
ed

uc
ed

 by
 92

%,
 w

hil
e i

nte
nsi

ty 
wa

s r
ed

uc
ed

 42
%,

 bo
th 

rep
res

en
tin

g 
a s

ign
ific

an
t 

im
pro

ve
me

nt 
fro

m 
ba

sel
ine

. T
wo

 pa
tie

nts
 ex

pe
rie

nc
ed

 co
mp

lic
ati

on
s (

inf
ect

ion
) t

ha
t r

eq
uir

ed
 ex

pla
na

tio
n 

du
rin

g t
he

 co
urs

e 
of 

the
 st

ud
y. 

Fin
all

y, 
Ha

nn
 S 

et 
al.

 co
nd

uc
ted

 an
 op

en
-la

be
l, 

un
co

ntr
oll

ed
 st

ud
y. 

Fo
urt

een
 pa

tie
nts

 w
ith

 ch
ron

ic 
mi

gra
ine

 
ref

rac
tor

y 
to 

me
dic

al 
tre

atm
en

t w
ere

 en
rol

led
. A

fte
r a

 5-
da

y t
ria

l, r
esp

on
de

rs 
rec

eiv
ed

 p
erm

an
en

t i
mp

lan
ts.

 O
f th

e 1
4 

pa
rti

cip
an

ts,
 7

1%
 ac

hie
ve

d 
im

pro
ve

me
nt 

in 
he

ad
ac

he
 se

ve
rit

y 
an

d f
req

ue
nc

y 
an

d 5
0%

 w
ere

 ab
le 

to 
ac

hie
ve

 bo
th 

no
rm

al 
qu

ali
ty 

of 
life

 an
d r

eso
lut

ion
 of

 as
soc

iat
ed

 m
igr

ain
e s

ym
pto

ms
. T

hre
e o

f 1
4 p

art
ici

pa
nts

 ha
d p

rev
iou

sly
 u

nd
erg

on
e O

NS
 

tre
atm

en
t w

ith
ou

t s
uc

ces
s b

ut 
sho

we
d 

im
pro

ve
me

nt 
in 

sym
pto

ms
 w

he
n S

ON
S w

as 
ad

de
d. 

Co
mp

lic
ati

on
s i

nc
lud

ed
 le

ad
 

mi
gra

tio
ns,

 in
fec

tio
ns

, a
nd

 di
sco

mf
ort

 su
sta

ine
d a

t s
up

rao
rbi

tal
 ne

rve
 st

im
ula

tor
 el

ect
rod

es.
 T

he
 st

ud
y g

ive
s t

en
tat

ive
, 

pre
lim

ina
ry 

su
pp

ort
 to

 th
e s

afe
ty 

an
d e

ffi
ca

cy
 o

f d
ua

l s
tim

ula
tio

n. 
A 

lar
ge

r c
om

pa
rat

ive
 st

ud
y i

s n
ece

ssa
ry 

to 
de

ter
mi

ne
 if

 
du

al 
sti

mu
lat

ion
 is

 m
ore

 ef
fec

tiv
e t

ha
n O

NS
 al

on
e.

Ba
ck

gr
ou

nd
: C

urr
en

tly
, m

igr
ain

e h
ea

da
ch

es 
ha

ve
 no

 cu
re,

 an
d 

the
 m

ost
 co

mm
on

 tr
ea

tm
en

ts 
are

 ph
arm

ac
olo

gic
 a

ge
nts

. T
he

 
go

al 
of 

ac
ute

 m
an

ag
em

en
t i

s t
o s

top
 ac

tiv
e h

ea
da

ch
e p

ain
, w

hil
e 

dru
gs 

us
ed

 fo
r p

rev
en

tio
n 

are
 re

ser
ve

d 
for

 th
ose

 w
ith

 in
cre

ase
d 

fre
qu

en
cy

 o
f m

igr
ain

e p
ain

 gr
ea

ter
 th

an
 tw

ice
 a 

we
ek

. E
ffe

cti
ve

 
dru

gs 
to 

sto
p a

cti
ve

 he
ad

ac
he

s a
re 

no
n-s

ter
oid

al 
an

ti-
inf

lam
ma

tor
y 

dru
gs 

(N
SA

ID
s),

 tr
ipt

an
s, 

an
d e

rgo
ts,

 an
d 

co
mm

on
ly 

pre
scr

ibe
d 

pre
ve

nti
ve

 tr
ea

tm
en

ts 
inc

lud
e b

eta
-

blo
ck

ers
 (e

.g.
, p

rop
ran

olo
l), 

ca
lci

um
 ch

an
ne

l b
loc

ke
rs 

(e.
g.,

 
ve

rap
am

il 
or 

dil
tia

zem
), 

or 
an

tic
on

vu
lsa

nts
 (e

.g.
, v

alp
roi

ca
cid

, 
top

ira
ma

te)
. B

oto
x i

nje
cti

on
s, 

ne
rve

 bl
oc

ks
, a

nd
 su

rgi
ca

l 
de

co
mp

res
sio

n 
ha

ve
 al

so 
be

en
 at

tem
pte

d w
ith

 va
rie

d s
uc

ces
s 

rat
es 

am
on

g i
nd

ivi
du

als
 w

ith
 dr

ug
-re

fra
cto

ry 
mi

gra
ine

. T
he

 
av

ail
ab

le 
tre

atm
en

t a
rse

na
l d

oe
s c

om
e w

ith
 m

ed
ica

tio
n-r

ela
ted

 
sid

e e
ffe

cts
 an

d t
he

 po
ssi

bil
ity

 o
f d

ecr
ea

sed
 re

spo
nsi

ve
ne

ss 
an

d/o
r l

ow
er 

rat
es 

of 
ad

he
ren

ce 
in 

som
e p

ati
en

ts.
 O

ne
 st

ud
y 

rev
ea

led
 th

at 
70

.2%
 of

 m
igr

ain
e p

ati
en

ts 
tre

ate
d w

ith
 m

ed
ica

tio
n 

wi
ll b

e n
on

-ad
he

ren
t t

o m
ed

ica
l t

he
rap

ies
 w

ith
in 

6 m
on

ths
 (2

5).
 

Th
e n

eed
 fo

r e
ffe

cti
ve

, s
afe

, a
nd

 lo
ng

-la
sti

ng
 a

nti
-m

igr
ain

e 
tre

atm
en

ts 
op

en
ed

 th
e f

iel
d t

o n
on

-ph
arm

ac
olo

gic
 

ne
uro

sti
mu

lat
ion

. O
cci

pit
al 

ne
rve

 st
im

ula
tio

n (
ON

S)
 of

fer
s a

 
no

n-p
ha

rm
ac

olo
gic

al 
alt

ern
ati

ve
 tr

ea
tm

en
t f

or 
mi

gra
ine

. O
NS

 
fir

st 
fou

nd
 su

cce
ss 

in 
the

 tr
ea

tm
en

t o
f o

cci
pit

al 
ne

ura
lgi

a, 
bu

t is
 

no
w 

tar
ge

tin
g p

rim
ary

 he
ad

ac
he

 di
sor

de
rs 

lik
e m

igr
ain

e. 
Th

e 
me

ch
an

ism
 o

f a
cti

on
 of

 O
NS

 is
 st

ill 
un

de
r i

nv
est

iga
tio

n; 
ho

we
ve

r, 
lite

rat
ure

 su
gg

est
s t

ha
t e

lec
tri

ca
l s

tim
ula

tio
n o

f C
1-C

3 
ne

rve
s, 

pa
rti

cu
lar

ly 
the

 gr
ea

ter
 an

d l
ess

er 
oc

cip
ita

l n
erv

es,
 

red
uc

es 
the

 ac
tiv

ity
 of

 no
cic

ep
tiv

e f
ibe

rs 
in 

the
 

tri
ge

mi
no

ce
rvi

ca
lc

om
ple

x 
res

ult
ing

 in
 pa

in 
rel

ief
, a

cco
rdi

ng
 to

 
the

 “g
ate

 co
ntr

ol”
 th

eo
ry.

 G
ate

 co
ntr

ol 
the

ory
 de

scr
ibe

s t
he

 
me

ch
an

ism
 b

y w
hic

h p
ain

ful
 se

nsa
tio

n 
ca

n b
e b

lun
ted

 or
 

red
uc

ed
 by

 ac
tiv

ati
ng

 a 
no

np
ain

ful
sen

sat
ion

. T
he

 sp
ina

l c
ord

 
co

nta
ins

 th
e n

eu
rol

og
ica

l “
ga

te”
 th

at 
all

ow
s o

r b
loc

ks 
the

 
pa

ssa
ge

 of
 pa

in 
sig

na
ls 

to 
the

 br
ain

. T
he

 ga
te 

is 
op

en
ed

 b
y t

he
 

ac
tiv

ity
 of

 pa
in 

sig
na

ls 
tra

ve
lin

g u
p s

ma
ll n

erv
e f

ibe
rs 

an
d 

clo
sed

 by
 no

np
ain

ful
sti

mu
lat

ion
 in

 la
rge

r f
ibe

rs,
 pr

ev
en

tin
g 

pa
in 

sen
sat

ion
s f

rom
 tr

av
eli

ng
 to

 th
e C

NS
.
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os
is. 

Th
e p

roc
ed

ure
 is 

pe
rfo

rm
ed

 th
rou

gh
 a 

sin
gle

 po
rt 

en
do

sco
pe

 an
d h

as 
a p

ow
erf

ul 
ad

va
nta

ge
 or

 st
ruc

tur
al 

pre
ser

va
tio

n, 
it a

llo
ws

 fo
r e

arl
y 

rec
ov

ery
 fo

r p
ati

en
ts 

an
d f

ast
er 

ret
urn

 to
 th

eir
 ac

tiv
itie

s o
f d

ail
y l

ivi
ng

. T
he

 ai
m 

for
 th

is s
tud

y i
s t

o r
ep

ort
 th

e c
ase

 of
 a 

rev
isio

n o
f a

n o
pe

n d
ec

om
pre

ssi
ve

lam
ine

cto
my

 at
 L3

-4 
via

 PE
LL 

an
d a

 di
sce

cto
my

. S
ca

r ti
ssu

e m
ak

es 
rev

isio
n 

lam
ine

cto
my

 an
d d

isc
ec

tom
y m

ore
 di

ffic
ult

 in
cre

asi
ng

 th
e r

isk
 of

 du
ral

tea
r o

r n
erv

e i
nju

ry.
 PE

LL 
an

d P
ED

 as
 re

vis
ion

al
su

rge
ry 

for
 re

cu
rre

nt 
dis

c h
ern

iat
ion

 ha
s b

ee
n t

ho
ug

ht 
of 

as 
an

 im
po

ssi
ble

 pr
oc

ed
ure

. R
ue

tte
ne

t a
l. c

om
me

nte
d t

ha
t 

rev
isio

n s
urg

ery
 ca

n b
e c

on
du

cte
d u

sin
g t

he
 fu

ll e
nd

os
co

pic
 tr

an
sfo

ram
ina

la
nd

 in
ter

lam
ina

rd
isc

ec
tom

y a
fte

r 
pe

rcu
tan

eo
us

 en
do

sco
pic

 di
sce

cto
my

 as
 th

e i
nd

ex
 op

era
tio

n (
1-4

). H
ow

ev
er,

 th
ere

 ha
ve

 be
en

 fe
w 

pre
vio

us
 st

ud
ies

 on
 

the
 ou

tco
me

s o
f e

nd
os

co
pic

 di
sce

cto
my

 fo
r r

ec
urr

en
t lu

mb
ar 

dis
c h

ern
iat

ion
 af

ter
 op

en
 di

sce
cto

my
 as

 th
e i

nd
ex

 
op

era
tio

n (
5,6

). T
he

 pu
rpo

se 
of 

thi
s s

tud
y w

as 
to 

de
ter

mi
ne

 th
e f

ea
sib

ilit
y a

nd
 ef

fec
ts 

of 
rev

isio
na

lP
EL

L a
nd

 PE
D a

fte
r 

op
en

 di
sce

cto
my

.

•
Th

is i
s a

 53
-ye

ar-
old

 m
ale

 w
ho

 ca
me

 in
 w

ith
 a 

ch
ief

 co
mp

lai
nt 

of 
ba

ck 
pa

in.
  T

he
 pa

tie
nt 

ha
d b

ac
k p

ain
 ev

ery
 da

y 
rad

iat
ing

 do
wn

 to
 bi

lat
era

l lo
we

r e
xtr

em
itie

s a
ll t

he
 w

ay
 do

wn
 to

 be
low

 th
e k

ne
es,

 ho
we

ve
r n

ot 
to 

the
 fe

et.
 Hi

s 
sym

pto
ms

 w
ere

 w
ors

e o
n t

he
 rig

ht 
tha

n t
he

 le
ft.

 Th
e p

ati
en

t’s
 hi

sto
ry 

go
es 

ba
ck 

to 
20

11
 w

he
n h

e d
ev

elo
pe

d b
ac

k p
ain

 
an

d h
ad

 bi
lat

era
l lo

we
r e

xtr
em

ity
 pa

in.
 Pa

tie
nt 

ha
d a

 nu
mb

er 
of 

ep
idu

ral
 st

ero
id 

inj
ec

tio
ns

 w
ith

 on
ly 

tem
po

rar
ily

 re
lie

f. 
Pa

tie
nt 

the
n p

roc
ee

de
d w

ith
 ha

vin
g a

 de
co

mp
res

siv
el

am
ine

cto
my

 at
 L3

-4,
 L4

-5 
in 

20
11

. A
fte

r r
ev

iew
 of

 re
co

rds
, it

 w
as 

no
ted

 th
at 

pa
tie

nt 
po

st-
op

era
tiv

ely
 co

nti
nu

ed
 to

 ha
ve

 pa
in 

req
uir

ing
 a 

nu
mb

er 
of 

rep
ea

t e
pid

ura
l st

ero
id 

inj
ec

tio
n t

ha
t 

we
re 

ini
tia

lly
 gi

vin
g h

im
 re

lie
f, h

ow
ev

er 
the

 pa
in 

pe
rsi

ste
d a

nd
 co

nti
nu

ed
 to

 in
cre

ase
 in

 in
ten

sit
y.

Ob
jec

tiv
e:

•
Ph

ysi
ca

l e
xa

m 
rev

ea
led

 a 
lon

git
ud

ina
l 3

.5 
inc

h s
ca

r o
ve

r h
is l

ow
er 

lum
ba

r s
pin

e. 
Th

ere
 w

as 
no

t te
nd

ern
ess

 no
ted

 to
 

pa
lpa

tio
n o

ve
r t

he
 lu

mb
ar 

sp
ine

 or
 th

e s
ac

roi
lia

c jo
int

s. H
e w

as 
ab

le 
to 

fle
x f

orw
ard

 to
 a 

po
int

 w
he

re 
he

 ca
n t

ou
ch

 hi
s 

mi
d s

hin
 w

ith
 hi

s h
an

ds
. T

he
re 

wa
s m

ild
 de

cre
ase

 in
 se

ns
ati

on
 ov

er 
the

 la
ter

al 
asp

ec
t o

f th
e r

igh
t le

g. 
De

ep
 te

nd
on

 
ref

lex
ed

 w
ere

 hy
po

ac
tiv

e a
nd

 sy
mm

etr
ica

l. M
oto

r m
us

cle
 te

sti
ng

 w
ere

 w
ith

in 
no

rm
al 

lim
its

 an
d s

ym
me

tri
ca

l in
 th

e 
qu

ad
ric

ep
s, 

do
rsi

fle
xo

rs
an

d p
lan

tar
 fle

xio
n o

f th
e a

nk
le.

 X-
ray

s o
f th

e p
ati

en
t’s

 lu
mb

ar 
sp

ine
 ap

pe
are

d t
ha

t th
e p

ati
en

t 
ha

d d
isc

 sp
ac

e n
arr

ow
ing

 at
 L3

-4 
an

d L
4-5

, w
ors

e a
t th

e L
4-5

 le
ve

l. I
t w

as 
ev

ide
nt 

on
 th

e A
P v

iew
 th

at 
the

 pa
tie

nt 
ha

d a
 

sig
nif

ica
nt 

lam
ine

cto
my

 at
 L4

-5 
bu

t t
he

 po
ste

rio
r w

ind
ow

 at
 L3

-4 
wa

s e
sse

nti
all

y u
nc

ha
ng

ed
.  M

RI 
of 

the
 lu

mb
ar 

sp
ine

 
rev

ea
led

 ev
ide

nc
e o

f a
 la

mi
ne

cto
my

 an
d p

os
ter

ior
 su

rgi
ca

l c
ha

ng
es 

fro
m 

the
 L3

 di
sc 

lev
el 

do
wn

 to
 th

e L
5-S

1 d
isc

 sp
ac

e. 
Th

ere
 w

as 
co

ns
ide

rab
le 

de
co

mp
res

sio
n o

f th
e s

pin
al 

ca
na

l fr
om

 th
e u

pp
er 

bo
dy

 of
 L4

 do
wn

 to
 th

e b
od

y o
f L

5. 
Ho

we
ve

r, 
the

re 
wa

s m
ark

ed
 st

en
os

is a
pp

rox
im

ate
ly 

fro
m 

the
 up

pe
r b

od
y o

f L
4 t

o t
he

 lo
we

r t
hir

d o
f th

e b
od

y o
f L

3. 

Me
tho

ds
:

•
Su

rgi
cal

 in
dic

ati
on

: P
EL

L is
 pe

rfo
rm

ed
 fo

r lu
mb

ar 
ca

na
l st

en
os

is. 
In 

the
 ca

se 
of 

mu
ltip

le 
ste

no
sis

, a
fte

r o
bta

ini
ng

 co
ns

en
t fr

om
 th

e 
pa

tie
nt,

 sin
gle

-le
ve

l d
ec

om
pre

ssi
on

 is 
on

ly 
pe

rfo
rm

ed
 if 

it i
s li

ke
ly 

to 
aff

ec
t t

he
 pa

tie
nt’

s s
ym

pto
ms

; if
 th

e p
ati

en
t r

eq
ue

sts
 tr

ea
tm

en
t o

f 
all

 th
e v

ert
eb

ral
 le

ve
ls p

ote
nti

all
y c

au
sin

g t
he

 sy
mp

tom
s, m

icr
os

co
pic

 su
rge

ry 
is p

erf
orm

ed
 in

ste
ad

. T
his

 pr
oc

ed
ure

 is 
us

ed
 to

 tr
ea

t a
ll 

typ
es 

of 
ce

ntr
al 

ca
na

l st
en

os
is a

nd
 la

ter
al 

ca
na

l st
en

os
is.

•
Su

rgi
cal

 In
str

um
en

tat
ion

: A
 sp

ec
ial

 sin
gle

-po
rt 

en
do

sco
pe

 is 
us

ed
 fo

r P
EL

L, a
s w

ith
 PE

D. 
Th

e 7
-m

m 
en

do
sco

pe
 (V

ER
TE

BR
IS,

 W
inn

ov
a

Ric
ha

rd 
W

olf
 M

ed
ica

l In
str

um
en

ts 
Co

rpo
rat

ion
, G

erm
an

y) 
ha

s a
n 8

-m
m 

sh
ea

th 
an

d i
s e

asi
ly 

ma
nip

ula
ted

, e
ve

n i
n a

 na
rro

w 
int

erl
am

ina
r

sp
ac

e, 
bu

t is
 in

co
mp

ati
ble

 w
ith

 so
me

 of
 th

e i
ns

tru
me

nts
 th

at 
ca

n b
e u

sed
 fo

r a
n 8

-m
m 

en
do

sco
pe

. A
n 8

-m
m 

en
do

sco
pe

 ca
n b

e u
sed

 w
ith

 
dri

ll s
ize

s u
p t

o 3
.5 

mm
, w

hic
h i

s u
sef

ul 
for

 dr
illi

ng
 la

rge
 ar

ea
s o

f b
on

e. 
Th

e 8
-m

m 
en

do
sco

pe
 al

so
 en

ab
les

 th
e u

se 
of 

a l
arg

er 
Ke

ris
on

pu
nc

h, 
as 

we
ll a

s c
urv

ed
 an

d c
urv

ed
 ba

ske
t p

un
ch

es 
(W

inn
ov

aR
ich

ard
 W

olf
 M

ed
ica

l In
str

um
en

ts 
Co

rpo
rat

ion
, G

erm
an

y).
 Th

e 8
-m

m 
en

do
sco

pe
 is 

ea
sie

r t
o u

se 
at 

firs
t, u

nti
l p

rof
icie

nc
y i

n t
he

 pr
oc

ed
ure

 ha
s b

ee
n a

ch
iev

ed
. A

 sp
ec

ial
 dr

ill 
(Pr

im
ad

e2
; N

ak
an

ish
i, J

ap
an

), a
nd

 
a b

ipo
lar

 fle
xib

le 
rad

iof
req

ue
nc

y p
rob

e (
Elm

an
 Tr

igg
er-

Fle
x p

rob
e; 

Elm
an

 In
ter

na
tio

na
l) a

re 
als

o u
sed

.

•
Su

rgi
cal

 te
ch

niq
ue

: T
he

 pa
tie

nt 
wa

s p
lac

ed
 un

de
r g

en
era

l a
ne

sth
esi

a p
ron

e o
n a

 W
ilso

n-t
yp

e f
ram

e. 
 Pr

eo
pe

rat
ive

 ge
og

rap
hic

al 
ma

rki
ng

s 
we

re 
ma

de
 id

en
tify

ing
 th

e L
3-4

 in
ter

sp
ac

e. 
 In

 th
e m

idl
ine

, a
n i

nje
cti

on
 of

 lid
oc

ain
ea

nd
 ep

ine
ph

rin
e w

as 
ma

de
, a

nd
 th

en
 a 

lon
git

ud
ina

l 
inc

isio
n w

as 
ma

de
 ov

er 
L3

-4.
  T

he
rea

fte
r, a

 bl
un

t d
iss

ec
tio

n w
as 

ma
de

 do
wn

 th
rou

gh
 th

e s
oft

 tis
su

es 
thr

ou
gh

 th
e f

asc
ia 

do
wn

 to
 th

e 
po

ste
rio

r w
ind

ow
 on

 th
e r

igh
t s

ide
 at

 L3
-4.

  A
 sc

op
e w

as 
ins

ert
ed

, a
nd

 th
en

 th
e p

os
ter

ior
 as

pe
ct 

of 
the

 la
mi

na
 w

as 
de

bri
de

d w
ith

va
rio

us
 

pit
uit

ary
 fo

rce
ps

 an
d h

em
os

tas
is w

as 
co

ntr
oll

ed
 w

ith
 th

e B
ov

ie.
  A

 po
int

 ch
os

en
 to

 be
 th

e m
os

t c
ep

ha
lad

an
d l

ate
ral

 as
pe

ct 
of 

the
 

lam
ino

tom
yo

n t
he

 rig
ht 

sid
e, 

a b
urr

 w
as 

us
ed

 to
 in

itia
te 

the
 la

mi
no

tom
y. 

 Th
is b

urr
 w

as 
us

ed
 to

 th
in 

ou
t t

he
 la

mi
na

 on
 th

e r
igh

t s
ide

 at
 

the
 le

ve
l o

f L
3-4

 ex
ten

din
g t

o t
he

 po
ste

rio
r a

sp
ec

t o
f th

e i
nfe

rio
r a

sp
ec

t o
f th

e b
od

y o
f L

3. 
 Th

e l
am

ino
tom

yp
roc

ee
de

d t
hro

ug
h t

he
 

tis
su

es 
do

wn
 to

 th
e a

nte
rio

r a
sp

ec
t o

f th
e l

am
ina

, a
nd

 w
e w

ere
 ab

le 
to 

ex
po

se 
the

 po
ste

rio
r a

sp
ec

t o
f th

e s
pin

al 
ca

na
l, a

nd
 th

en
wi

th 
a 

co
mb

ina
tio

n o
f K

err
iso

nr
on

ge
urs

, a
nd

 th
e b

urr
, a

 la
mi

no
tom

yw
as 

pe
rfo

rm
ed

 to
 de

co
mp

res
s t

he
 po

ste
rio

r a
sp

ec
t o

f th
e d

isc
 sp

ac
e a

t L
3-

4. 
 Th

ere
aft

er,
 w

e r
etr

ac
ted

 th
e d

ura
lsa

c a
nd

 th
e t

rav
ers

ing
 L4

 ne
rve

 ro
ot 

me
dia

lly
, a

nd
 w

ith
 pi

tui
tar

y f
orc

ep
s p

erf
orm

ed
 a 

dis
ce

cto
my

 
an

ter
ior

ly 
to 

fur
the

r e
nla

rge
 th

e s
pin

al 
ca

na
l.  

At
 th

e t
erm

ina
tio

n o
f th

is r
igh

t s
ide

, th
ere

 w
as 

fre
e p

uls
ati

on
 of

 th
e d

ura
lsa

c.  
 

•
W

e t
he

n p
roc

ee
de

d f
rom

 th
e p

os
ter

ior
 in

cis
ion

 us
ing

 th
e o

ve
r-t

he
-to

p t
ec

hn
iqu

e t
o t

he
 co

ntr
ala

ter
al 

sid
e. 

 A 
blu

nt 
dis

sec
tio

n w
as 

ma
de

 
do

wn
 to

 th
e l

am
ina

 on
 th

e l
eft

, a
nd

 th
en

 w
e w

ere
 ab

le 
to 

pa
ss 

a s
co

pe
 on

to 
the

 le
ft s

ide
 an

d i
de

nti
fie

d t
he

 m
ed

ial
 an

d i
nfe

rio
r a

sp
ec

t o
f 

the
 pr

ev
iou

s la
mi

ne
cto

my
 at

 ap
pro

xim
ate

ly 
the

 le
ve

l o
f th

e i
nfe

rio
r a

sp
ec

t o
f th

e d
isc

 sp
ac

e a
nd

 th
e t

op
 of

 th
e L

4 v
ert

eb
ra.

 T
he

n, 
wi

th 
a 

co
mb

ina
tio

n o
f b

ask
et 

for
ce

ps
 an

d a
 Bo

vie
, w

e d
eb

rid
ed

 th
e s

am
e, 

an
d t

he
n w

e r
ese

cte
d t

he
 la

mi
na

 w
ith

 a 
co

mb
ina

tio
n o

f v
ari

ou
s b

urr
s 

an
d t

he
 Ke

rri
so

nr
on

ge
ur.

  W
e b

rou
gh

t t
his

 he
mi

lam
ine

cto
my

up
 to

 ab
ov

e t
he

 le
ve

l o
f th

e L
3-4

 di
sc 

sp
ac

e, 
at 

wh
ich

 tim
e, 

it w
as 

no
ted

 
tha

t th
e d

ura
lsa

c w
as 

fre
ely

 pu
lsa

tile
.  T

he
 w

ou
nd

 w
as 

the
n c

op
iou

sly
 irr

iga
ted

 w
ith

 no
rm

al 
sal

ine
 an

d c
los

ed
 in

 la
ye

rs 
of 

Vic
ryl

.  A
 st

eri
le 

dre
ssi

ng
 w

as 
ap

pli
ed

. T
hro

ug
ho

ut 
the

 pr
oc

ed
ure

, s
pin

al 
co

rd 
mo

nit
ori

ng
 w

as 
pe

rfo
rm

ed
 an

d w
as 

no
rm

al 
at 

the
 te

rm
ina

tio
n o

f th
e

pro
ce

du
re.

   

Re
su

lts
:

•
Fir

st,
 PE

LL 
req

uir
es 

a s
ma

ll s
kin

 in
cis

ion
 an

d p
rod

uc
es 

les
s m

us
cle

 da
ma

ge
, th

ere
by

 re
su

ltin
g i

n a
 sh

ort
er 

ho
sp

ita
l s

tay
. S

ec
on

d, 
the

 
gre

ate
st 

ad
va

nta
ge

 of
 th

is t
ec

hn
iqu

e i
s t

he
 go

od
 fie

ld 
of 

vie
w 

on
 th

e o
pp

os
ite

 si
de

, a
s o

nc
e t

he
 su

pe
rio

r t
ip 

of 
the

 la
mi

na
 ha

s b
ee

n 
dri

lle
d, 

the
 op

po
sit

e s
ide

 la
ter

al 
rec

ess
 ca

n b
e d

ec
om

pre
sse

d. 
Aft

er 
de

co
mp

res
sio

n, 
the

 tr
an

sve
rse

 ro
ot 

is v
isib

le 
as 

far
 as

 th
e v

icin
ity

 of
 

the
 in

ter
ve

rte
bra

l fo
ram

en
. D

rill
ing

 of
 th

e l
ate

ral
 re

ce
ss 

ca
n b

e c
arr

ied
 ou

t r
ela

tiv
ely

 ea
sily

.

Co
nc

lus
ion

:

Us
ing

 PE
LL 

for
 th

e t
rea

tm
en

t o
f L

CS
 ha

s s
om

e a
dv

an
tag

es 
co

mp
are

d w
ith

 co
nv

en
tio

na
l s

urg
ery

. H
ow

ev
er,

 tr
ain

ing
 is 

ne
ed

ed
 fo

r t
his

 m
eth

od
, 

be
ca

us
e o

f th
e l

im
ite

d k
ind

s o
f o

pe
rat

ive
 to

ols
.

Re
fre

nc
es:

1. 
Ru

ett
en

S, 
Ko

mp
M,

 Go
do

lia
sG

. A
n e

xtr
em

e l
ate

ral
 ac

ce
ss 

for
 th

e s
urg

ery
 of

 lu
mb

ar 
dis

c h
ern

iat
ion

sin
sid

e t
he

 sp
ina

l ca
na

l u
sin

g t
he

 fu
ll-e

nd
os

co
pic

 un
ipo

rta
ltr

an
sfo

ram
ina

lap
pro

ac
h-t

ec
hn

iqu
e a

nd
 pr

os
pe

cti
ve

 re
su

lts
 of

 46
3 

pa
tie

nts
. Sp

ine
 (P

hil
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gh
 

pa
in 

in 
ind
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du

als
 w

ho
 ar

e t
ak

ing
 

lon
g‐a

cti
ng

 an
alg

esi
cs,
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 as
 ca

nc
er 

pa
tie

nts
. F

en
tan

yl 
is 

mo
re 

po
ten

t a
nd

 ha
s 

a q
uic

ke
r o

ns
et 

co
mp

are
d t

o m
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hin
e, 
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 ca
n a

lso
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ed

 to
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at 
bre

ak
thr

ou
gh

 pa
in.
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ow

ev
er,

 fe
nta

ny
l 

un
de
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nt 
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pa
ss 

me
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e l
ive
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nd
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tin

al 
tra
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nta
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roi
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lge
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nta
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bli
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. D
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e m
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id 
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ly 
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r p
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 Su
bli
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ua

l fe
nta

ny
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ow
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e o
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ut 

7‐1
5 
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ing
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l d
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thr
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ay
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. D
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e c
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c c
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g l
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y b

ee
n u

sed
 to

 tre
at 

bre
ak

thr
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t c
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nta
ny
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 D
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ten

t b
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d f
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e f
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y d
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in 
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’ c
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, fi

nd
ing

 a 
me

dic
ati
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f p
ain

 ha
s p
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in 
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na
ge
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nt 
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d o
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mp
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d t

o m
orp

hin
e, 

wh
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n a

lso
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at 
bre

ak
thr

ou
gh

 pa
in,
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nta

ny
l is

 m
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 po
ten
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r o
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ac
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s p
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a f
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roi
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d b
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l c
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d r
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, m
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r b
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I o
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d t
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e o

fte
n 

de
sp

era
te 

for
 re
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jec

tio
ns

 ca
n b
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s c
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e d
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d c
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 m
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, c
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, c
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inu
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n b
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tio
ns 

suc
h a

s 
NS

AI
Ds

, s
urg

ica
l fu

sio
ns,

 ra
dio

fre
qu

en
cy

 ab
lat

ion
, a

nd
 sp

ina
l 

co
rd 

sti
mu

lat
ion

, a
mo

ng
 ot

he
rs.

 C
on

ser
va

tiv
e m

an
ag

em
en

t 
co

nti
nu

es 
to 

be
 th

e f
irs

t-l
ine

 tre
atm

en
t fo

r L
BP

. O
nc

e c
on

ser
va

tiv
e 

op
tio

ns 
ha

ve
 fa

ile
d, 

oth
er 

tre
atm

en
ts h

av
e b

ee
n s

ho
wn

 to
 be

 
eff

ec
tiv

e b
ut 

als
o c

om
e w

ith
 co

nsi
de

rab
le 

sid
e e

ffe
cts

 an
d 

co
mp

lic
ati

on
s. D

ue
 to

 th
e c

ost
 as

soc
iat

ed
 wi

th 
ma

na
gin

g t
he

se 
co

mp
lic

ati
on

s, f
urt

he
r in

ve
sti

ga
tio

n o
f a

lte
rna

te 
tre

atm
en

ts r
em

ain
s 

pru
de

nt.
 PR

P a
nd

 M
SC

s a
re 

use
d a

uto
ge

no
usl

y t
o h

elp
 fa

cil
ita

te 
the

 he
ali

ng
 pr

oc
ess

, a
nd

 th
eir

 in
jec

tio
n h

as 
be

en
 stu

die
d i

n l
on

g-
ter

m 
ma

na
ge

me
nt 

of 
dis

co
ge

nic
low

 ba
ck

 pa
in.

 PR
P h

as 
be

en
 

co
mp

are
d t

o s
ter

oid
 in

jec
tio

ns 
in 

the
 sa

cro
ilia

c j
oin

t fo
r c

hro
nic

 
LB

P, 
wi

th 
fav

ora
ble

 re
sul

ts.
 M

SC
s h

av
e a

lso
 be

en
 sh

ow
n t

o b
e 

use
ful

 in
 in

ter
ve

rte
bra

l d
isc

 re
ge

ne
rat

ion
 an

d t
rea

tm
en

t o
f c

hro
nic

 
LB

P a
sso

cia
ted

 wi
th 

de
ge

ne
rat

ive
 di

sc 
dis

ea
se.

 A
s i

t c
urr

en
tly

 
sta

nd
s, t

he
 pr

ice
 fo

r t
he

se 
tre

atm
en

ts i
s s

till
 to

o h
igh

, a
nd

 th
us 

the
 

sta
nd

ard
 of

 ca
re 

co
nti

nu
es 

to 
be

 ste
roi

d i
nje

cti
on

s a
nd

 ot
he

r 
tre

atm
en

ts.
 B

iol
og

ics
 ar

e o
fte

n i
nd

ica
ted

 fo
r th

ose
 w

ho
 fa

il 
co

rti
co

ste
roi

ds 
or 

for
 w

ho
m 

the
y a

re 
no

 lo
ng

er 
ap

pro
pri

ate
. T

his
 

co
uld

 ch
an

ge
, h

ow
ev

er,
 w

ith
 m

ore
 ro

bu
st 

da
ta 

an
d r

ese
arc

h o
n 

saf
ety

 an
d l

on
g-t

erm
 ef

fic
ac

y o
f b

iol
og

ics
 co

mp
are

d t
o o

the
r 

int
erv

en
tio

na
l m

an
ag

em
en

t.B
iol

og
ics

 ar
e c

on
sid

ere
d b

y m
an

y t
o 

be
 an

 ec
on

om
ic 

an
d f

ast
 tre

atm
en

t o
pti

on
, e

spe
cia

lly
 fo

r th
ose

 th
at 

fai
l st

an
da

rd 
of 

ca
re 

tre
atm

en
ts.

 Th
e s

urv
iva

l a
nd

 ev
olu

tio
n o

f 
bio

log
ics

 in
to 

a r
ou

tin
e c

lin
ica

l tr
ea

tm
en

t o
pti

on
 de

pe
nd

s o
n t

he
 

sta
nd

ard
iza

tio
n o

f th
eir

 us
e, 

co
nsi

ste
nc

y o
f o

utc
om

es,
 an

d a
 

de
cre

ase
 in

 ov
era

ll h
ea

lth
ca

re 
co

sts
. F

urt
he

r h
igh

-qu
ali

ty 
stu

die
s 

ca
n a

id 
in 

thi
s g

oa
l b

y p
rov

idi
ng

 m
ore

 da
ta 

an
d p

rov
idi

ng
 m

ore
 

pre
dic

tab
ilit

y i
n t

he
 us

e o
f b

iol
og

ics
. T

his
 w

ill 
req

uir
e 

co
mm

itm
en

t fr
om

 al
l le

ve
ls o

f p
art

ici
pa

nts
 to

 be
tte

r u
tili

ze
 

bio
log

ic 
the

rap
ies

 an
d r

eg
en

era
tiv

e m
ed

ici
ne

 go
ing

 fo
rw

ard
.

M
eth

od
s: 

W
e c

on
du

cte
d a

 sy
ste

mi
c c

om
pre

he
nsi

ve
 lit

era
tur

e s
ea

rch
 us

ing
 a 

co
lla

bo
rat

ion
 of

 ex
ist

ing
 

pu
bli

ca
tio

ns 
inv

olv
ing

 pe
rip

he
ral

 ne
rve

 st
im

ula
tio

n. 
W

e p
res

en
t th

e e
xis

tin
g l

ite
rat

ure
 in

 th
e u

nd
ers

tan
din

g o
f th

e 
saf

ety
 an

d e
ffi

ca
cy

 of
 bi

olo
gic

s in
 pa

in 
ma

na
ge

me
nt 

inc
lud

ing
 th

e u
se 

of 
pla

tel
et-

ric
h p

las
ma

 an
d m

ese
nc

hy
ma

l 
ste

m 
ce

lls
.

Re
su

lts
:P

lat
ele

t-r
ich

 pl
asm

a (
PR

P)
 ha

s b
ee

n d
em

on
str

ate
d a

s a
 vi

ab
le 

tre
atm

en
t in

 se
ve

ral
 ra

nd
om

ize
d c

on
tro

l 
tri

als
(R

CT
s).

 Si
ng

la
et 

al.
 co

nd
uc

ted
 a s

tud
y i

nv
olv

ing
 a 

40
-pa

tie
nt 

co
ho

rt, 
co

mp
ari

ng
 th

e u
se 

of 
ste

roi
ds 

ve
rsu

s 
PR

P f
or 

the
 tre

atm
en

t o
f c

hro
nic

 lo
w 

ba
ck

 pa
in 

sec
on

da
ry 

to 
som

e f
orm

 of
 sa

cro
ilia

c j
oin

t p
ath

olo
gy

. P
ati

en
ts 

we
re 

sub
div

ide
d i

nto
 tw

o g
rou

ps.
 G

rou
p S

, th
e s

ter
oid

 gr
ou

p, 
rec

eiv
ed

 an
 ul

tra
-so

un
d g

uid
ed

 sa
cro

ilia
c j

oin
t 

inj
ec

tio
n o

f 1
.5 

mL
 m

eth
ylp

red
nis

olo
ne

 pl
us 

1.5
 m

L 
of 

2%
 lid

oc
ain

e w
ith

 0.
5 m

L s
ali

ne
. G

rou
p P

, th
e P

RP
 

gro
up

, re
ce

ive
d 3

 m
L o

f le
uk

oc
yte

-fr
ee

 PR
P w

ith
 0.

5 m
L o

f c
alc

ium
 ch

lor
ide

. G
rou

p P
 re

po
rte

d a
 sig

nif
ica

ntl
y 

low
er 

pa
in 

sco
re 

via
 th

e V
AS

 at
 six

 w
ee

ks 
an

d t
hre

e m
on

ths
. A

dd
itio

na
lly

, g
rou

p P
 de

mo
nst

rat
ed

 bo
th 

im
pro

ve
d 

M
OD

Q 
an

d S
F-1

2 s
co

res
 th

rou
gh

ou
t th

e e
nti

re 
thr

ee
-m

on
th 

stu
dy

 pe
rio

d, 
wh

ile
 G

rou
p S

 on
ly 

de
mo

nst
rat

ed
 

im
pro

ve
d s

co
res

 in
 th

e f
irs

t fo
ur 

we
ek

s. O
ve

ral
l, t

he
 stu

dy
 co

nc
lud

ed
 th

at 
PR

P d
em

on
str

ate
d g

rea
ter

 ef
fic

ac
y i

n 
the

 tre
atm

en
t o

f lo
we

r b
ac

k p
ain

 w
he

n c
om

pa
red

 w
ith

 tra
dit

ion
al 

ste
roi

d i
nje

cti
on

s.T
ua

kli
-W

oso
rnu

et 
al.

 
co

nd
uc

ted
 a R

CT
 in

vo
lvi

ng
 47

 pa
rti

cip
an

ts w
ith

 a 
his

tor
y o

f c
hro

nic
 lo

we
r b

ac
k p

ain
. 2

9 w
en

t to
 th

e t
rea

tm
en

t 
gro

up
 an

d 1
8 w

en
t to

 th
e c

on
tro

l g
rou

p. 
Pa

tie
nts

 in
 th

e t
rea

tm
en

t g
rou

p r
ec

eiv
ed

 3-
4 m

L o
f a

uto
log

ou
s P

RP
, 

wh
ile

 pa
tie

nts
 in

 th
e c

on
tro

l g
rou

p r
ec

eiv
ed

 a c
on

tra
st a

ge
nt.

 O
ve

ral
l, t

he
 stu

dy
 co

nc
lud

ed
 th

at 
pa

tie
nts

 in
 th

e 
tre

atm
en

t g
rou

p h
ad

 sig
nif

ica
nt 

im
pro

ve
me

nts
 in

 th
eir

 FR
I, N

RS
, S

F-
36

 he
alt

h s
urv

ey
, a

nd
 m

od
ifi

ed
 N

AS
S 

ou
tco

me
 qu

est
ion

na
ire

 in
 th

e f
irs

t e
igh

t w
ee

ks 
of 

the
 tri

al.
 N

o a
dv

ers
e o

utc
om

es 
we

re 
rep

ort
ed

. A
ke

da
et 

al.
 

an
aly

ze
d t

he
 sa

fet
y a

nd
 ef

fic
ac

y o
f u

tili
zin

g a
uto

log
ou

s P
RP

 in
 th

e t
rea

tm
en

t o
f d

isc
og

en
ic

ba
ck

 pa
in.

 71
% 

of 
pa

tie
nts

 re
po

rte
d a

 50
% 

pa
in 

red
uc

tio
n v

ia 
the

 V
AS

. 7
9%

 of
 th

e p
ati

en
ts d

em
on

str
ate

d a
 50

% 
red

uc
tio

n i
n t

he
ir 

RD
Q 

sco
res

 th
rou

gh
ou

t th
e s

tud
y p

eri
od

. It
 w

as 
co

nc
lud

ed
 th

at 
PR

P i
s a

 sa
fe 

an
d e

ffe
cti

ve
 tre

atm
en

t fo
r t

he
 

ma
na

ge
me

nt 
of 

ch
ron

ic 
low

er 
ba

ck
 pa

in 
wi

th 
the

 on
ly 

ad
ve

rse
 ev

en
ts r

ep
ort

ed
 in

 th
e s

tud
y p

eri
od

 be
ing

 tra
nsi

en
t 

leg
 nu

mb
ne

ss 
tha

t re
sol

ve
d w

ith
 on

e w
ee

k o
f o

nse
t o

f s
ym

pto
ms

.T
he

 us
e o

f a
uto

log
ou

s s
tem

 ce
lls

 in
 th

e 
tre

atm
en

t o
f c

hro
nic

 ba
ck

 pa
in 

is 
cu

rre
ntl

y u
nd

erg
oin

g r
igo

rou
s a

sse
ssm

en
t. K

um
ar 

et 
al.

 co
nd

uc
ted

 a s
ing

le 
arm

 
12

 m
on

th 
ph

ase
-1 

cli
nic

al 
tri

al 
inv

olv
ing

 10
 pa

tie
nts

 w
ith

 ch
ron

ic 
low

er 
ba

ck
 pa

in.
 Pa

tie
nts

 ha
d u

nd
erg

on
e a

 on
e-

tim
e i

ntr
ad

isc
al

inj
ec

tio
n o

f h
ya

lur
on

ic 
ac

id 
an

d a
uto

log
ou

s a
dip

ose
 tis

sue
-de

riv
ed

 m
ese

nc
hy

ma
l s

tem
 ce

lls
. 

VA
S, 

OD
I, a

nd
 SF

-36
 sc

ore
s w

ere
 lo

we
r in

 pa
tie

nts
 wh

o r
ec

eiv
ed

 bo
th 

hig
h-d

ose
 an

d l
ow

-do
se 

AT
-M

SC
 

inj
ec

tio
ns 

wi
th 

no
 si

gn
ifi

ca
nt 

dif
fer

en
ce

 re
po

rte
d i

n t
he

 tw
o g

rou
ps.

 T
hre

e o
f th

e s
ix 

pa
tie

nts
 w

ho
 re

po
rte

d 
im

pro
ve

d V
AS

, O
DI

, a
nd

 SF
-36

 sc
ore

s d
em

on
str

ate
d i

nc
rea

sed
 wa

ter
 co

nte
nt 

in 
the

ir i
nte

rve
rte

bra
l d

isc
s o

n 
M

RI
. N

o a
dv

ers
e e

ve
nts

 se
co

nd
ary

 to
 th

e t
ran

spl
an

ts 
we

re 
no

ted
 in

 th
e 1

2-m
on

th 
stu

dy
 pe

rio
d.

On
e R

CT
 

co
nd

uc
ted

 by
 N

ori
eg

a e
t a

l. f
ou

nd
 th

at 
pa

tie
nts

 in
jec

ted
 wi

th 
all

og
en

eic
 bo

ne
-m

arr
ow

-de
riv

ed
 st

em
 ce

lls
 

de
mo

nst
rat

ed
 re

du
ce

d l
um

ba
r p

ain
 an

d d
isa

bil
ity

 th
ree

 m
on

ths
 po

st-
tra

nsp
lan

t, a
nd

 th
ese

 re
sul

ts 
we

re 
ma

int
ain

ed
 

thr
ou

gh
ou

t th
e e

nti
re 

on
e-y

ea
r s

tud
y p

eri
od

.A
mi

rde
lfa

ne
t a

l. c
on

du
cte

d a
 m

ult
ice

nte
r ra

nd
om

ize
d c

on
tro

lle
d 

stu
dy

 in
vo

lvi
ng

 10
0 p

ati
en

ts w
ith

 ch
ron

ic 
low

er 
ba

ck
 pa

in 
wi

th 
de

ge
ne

rat
ive

 di
sc 

dis
ea

se.
 Pa

tie
nts

 we
re 

ran
do

mi
ze

d i
nto

 fo
ur 

gro
up

s: 
(1)

 6 
mi

llio
n m

ese
nc

hy
ma

l p
rec

urs
or 

ce
lls

 (M
PC

s) w
ith

 hy
alu

ron
ic 

ac
id 

(H
A)

 (2
) 

18
 m

illi
on

 M
PC

s w
ith

 H
A 

(3)
 H

A 
ve

hic
le 

co
ntr

ol 
(4)

 Sa
lin

e c
on

tro
l (p

lac
eb

o).
 Bo

th 
M

PC
 gr

ou
ps 

sho
we

d 
sig

nif
ica

nt 
im

pro
ve

me
nts

 in
 V

AS
 an

d O
DI

 sc
ore

s w
he

n c
om

pa
red

 to
 th

e c
on

tro
l g

rou
ps.

Ba
ck
gr
ou
nd

: B
ac

k p
ain

 is 
an

 ex
tre

me
ly 

co
mm

on
 pr

ob
lem

 th
at 

is 
ex

pe
rie

nc
ed

 by
 

pe
op

le 
of 

all
 ag

es.
 Sp

ec
ifi

ca
lly

, lo
w 

ba
ck

 pa
in(

LB
P)

 af
fec

ts a
t le

ast
 80

% 
of 

ind
ivi

du
als

 at
 so

me
 po

int
 in

 th
eir

 lif
eti

me
 an

d i
s t

he
 fif

th 
mo

st 
co

mm
on

 re
aso

n f
or 

ph
ysi

cia
n v

isi
ts 

in 
the

 U
nit

ed
 St

ate
s (U

.S.
). L

BP
 is 

a l
ea

din
g c

au
se 

of 
ac

tiv
ity

 
lim

ita
tio

n a
nd

 wo
rk 

lim
ita

tio
n t

hro
ug

ho
ut 

mu
ch

 of
 th

e w
orl

d, 
sec

on
d o

nly
 to

 up
pe

r 
res

pir
ato

ry 
co

nd
itio

ns.
 LB

P i
s a

lso
 no

w 
the

 nu
mb

er 
on

e c
au

se 
of 

dis
ab

ilit
y i

n m
ost

 
co

un
tri

es.
 A

na
lys

is 
of 

U.
S. 

spe
nd

ing
 on

 pe
rso

na
l h

ea
lth

 ca
re,

 pu
bli

c h
ea

lth
, a

nd
 

inc
rea

ses
 of

 he
alt

hc
are

 co
sts

 fr
om

 19
96

 to
 20

13
 sh

ow
ed

 es
tim

ate
d s

pe
nd

ing
 of

 87
.6 

bil
lio

n i
n l

ow
 ba

ck
 an

d n
ec

k p
ain

, th
e t

hir
d-h

igh
est

 he
alt

hc
are

 co
st a

mo
ng

 di
ffe

ren
t 

dis
ea

se 
ca

teg
ori

es.
 In

 ad
dit

ion
, L

BP
 an

d n
ec

k p
ain

 ha
d t

he
 se

co
nd

-la
rge

st i
nc

rea
se 

in 
spe

nd
ing

 as
soc

iat
ed

 wi
th 

it. 
Th

is 
is 

lik
ely

 to
 in

cre
ase

 w
ith

 th
e g

lob
al 

ag
ing

 
po

pu
lat

ion
. T

he
 va

st 
ma

jor
ity

 of
 pe

op
le 

wi
ll b

e d
iag

no
sed

 w
ith

 “n
on

-sp
ec

ifi
c”

 LB
P. 

On
ce

 sp
ec

ifi
c c

au
ses

 of
 LB

P (
ma

lig
na

nc
y, 

fra
ctu

re,
 in

fec
tio

n) 
ha

ve
 be

en
 ru

led
 ou

t, 
it i

s i
mp

ort
an

t to
 di

ffe
ren

tia
te m

ec
ha

nic
al 

an
d i

nfl
am

ma
tor

y L
BP

 fro
m 

on
e a

no
the

r. 
M

ec
ha

nic
al L

BP
 is 

an
 in

jur
y o

r d
era

ng
em

en
t to

 th
e a

na
tom

ic 
str

uc
tur

e o
f th

e l
ow

er 
ba

ck
. W

he
n n

ot 
du

e t
o a

n e
me

rge
nt 

ca
use

, m
ec

ha
nic

al 
LB

P i
s a

sso
cia

ted
 wi

th 
a 

go
od

 pr
og

no
sis

, a
nd

 m
an

ag
em

en
t is

 co
nse

rva
tiv

e a
nd

 in
clu

de
s p

ati
en

t e
du

ca
tio

n 
foc

use
d o

n m
ass

ag
e, 

ex
erc

ise
, a

nd
 be

ha
vio

ral
 ap

pro
ac

he
s t

o m
ini

mi
ze

 in
jur

y. 
Ac

up
un

ctu
re 

an
d h

erb
al 

sup
ple

me
nts

 ca
n b

e e
ffe

cti
ve

 as
 w

ell
. In

fla
mm

ato
ry 

ba
ck

 
pa

in 
res

ult
s f

rom
 a 

sys
tem

ic 
inf

lam
ma

tor
y c

on
dit

ion
, o

fte
n a

xia
l sp

on
dy

loa
rth

rit
is.

 
Inf

lam
ma

tor
y b

ac
k p

ain
 ca

n b
e d

ist
ing

uis
he

d f
rom

 m
ec

ha
nic

al 
ba

ck
 pa

in 
du

e t
o a

 
yo

un
ge

r a
ge

 of
 on

set
, im

pro
ve

me
nt 

wi
th 

ex
erc

ise
, p

ain
 at

 ni
gh

t, i
nsi

dio
us 

on
set

, a
nd

 
no

 im
pro

ve
me

nt 
at 

res
t. T

he
se 

pa
tie

nts
 sh

ou
ld 

be
 tre

ate
d w

ith
 str

uc
tur

ed
 ex

erc
ise

, 
no

n-s
ter

oid
al 

an
ti-

inf
lam

ma
tor

ies
 (N

SA
ID

s),
 an

d s
ho

uld
 be

 re
fer

red
 to

 
rhe

um
ato
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, A
Z;

 9 Cr
eig

hto
n U

niv
ers

ity
 S

ch
oo

l o
f M

ed
ici

ne
, D

ep
art

me
nt 

of 
An

est
he

sio
log

y, 
Om

ah
a, 

NE

Co
nc

lus
ion

:F
ibr

om
ya

lgi
a i

s a
n i

dio
pa

thi
c, 

co
mp

lex
 

dis
ord

er 
tha

t p
res

en
ts 

as 
ch

ron
ic,

 w
ide

spr
ea

d p
ain

 w
ith

 
fat

igu
e, 

sti
ffn

ess
, c

og
nit

ive
 im

pa
irm

en
t, 

an
d d

ep
res

sed
 

mo
od

. I
t ty

pic
all

y a
ffe

cts
 w

om
en

 m
ore

 th
an

 m
en

. M
ost

 
pa

tie
nts

 w
ho

 su
ffe

r f
rom

 FM
 al

so 
ha

ve
 ot

he
r c

om
orb

id,
 

ch
ron

ic 
me

dic
al 

co
nd

itio
ns.

 E
nv

iro
nm

en
tal

, g
en

eti
c, 

an
d 

ne
uro

‐ho
rm

on
al 

fac
tor

s c
an

 pl
ay

 a 
rol

e i
n t

he
 pa

tho
ge

ne
sis

 
of 

thi
s d

ise
ase

. T
he

 tre
atm

en
t o

f F
M 

inv
olv

es 
a h

oli
sti

c 
ap

pro
ach

 in
vo

lvi
ng

 ph
arm

aco
log

ica
l a

nd
 

no
n‐p

ha
rm

aco
log

ica
l i

nte
rve

nti
on

s. 
De

lay
ed

 di
ag

no
ses

, 
ex

pe
nsi

ve
 co

st, 
ins

ura
nc

e b
arr

ier
s, 

lac
k o

f c
on

sis
ten

cy
 in

 
tre

atm
en

t g
uid

eli
ne

s, 
an

d l
ow

 tr
eat

me
nt 

ad
he

ren
ce 

he
igh

ten
 th

e b
arr

ier
s t

o e
ffe

cti
ve

ly 
tre

ati
ng

 FM
. T

he
 

cu
rre

nt 
ph

arm
aco

log
ica

l t
rea

tm
en

t o
pti

on
s f

or 
FM

 ar
e 

pre
ga

ba
lin

, d
ulo

xe
tin

e, 
an

d m
iln

aci
pra

n, 
wh

ile
 th

e 
no

n‐p
ha

rm
aco

log
ic 

tre
atm

en
ts 

are
 ph

ysi
cal

 ex
erc

ise
, 

co
gn

itiv
e b

eh
av

ior
al 

the
rap

y, 
an

d a
lte

rna
tiv

e m
ed

ici
ne

. 
On

e a
lte

rna
tiv

e m
ed

ici
ne

 op
tio

n i
s V

ita
mi

n D
 

sup
ple

me
nta

tio
n i

n p
ati

en
ts 

wi
th 

FM
. V

ita
mi

n D
 pl

ay
s a

 
vit

al 
rol

e i
n m

ain
tai

nin
g n

um
ero

us 
ho

me
ost

ati
c p

roc
ess

es,
 

reg
ula

tin
g h

orm
on

es,
 an

d n
oc

ice
pto

r i
nn

erv
ati

on
 in

 
ske

let
al 

mu
scl

e.
So

me
 st

ud
ies

 sh
ow

 th
at 

low
 V

ita
mi

n D
 

lev
els

 fa
cil

ita
te 

inc
rea

sed
 se

nsi
tiv

ity
 to

 pa
in 

in 
the

 ce
ntr

al 
ne

rvo
us 

sys
tem

 (C
NS

) o
f p

ati
en

ts 
wi

th 
FM

; h
ow

ev
er,

 
som

e s
tud

ies
 re

fut
e t

he
se 

fin
din

gs.
 S

om
e r

an
do

mi
zed

 
co

ntr
ol 

stu
die

s s
ho

w 
tha

t V
ita

mi
n D

 Su
pp

lem
en

tat
ion

 
he

lps
 to

 al
lev

iat
e p

ain
, fa

tig
ue

, a
nd

 de
pre

ssi
on

 in
 pa

tie
nts

 
wi

th 
FM

. It
 is

 st
ill 

un
cle

ar 
if V

ita
mi

n D
 pr

ov
es 

to 
be

 fu
lly

 
eff

ica
cio

us
 be

cau
se 

som
e s

tud
ies

 sh
ow

 co
nfl

ict
ing

 re
sul

ts. 
Vi

tam
in 

D 
sup

ple
me

nta
tio

n i
s i

ne
xp

en
siv

e, 
ha

s m
ini

ma
l 

sid
e e

ffe
cts

, a
nd

 ca
n s

till
 pr

ov
ide

 be
ne

fits
 to

 pa
tie

nts
 w

ith
 

FM
 re

ga
rdl

ess
 of

 its
 ef

fic
acy

 in
 pa

in 
co

ntr
ol.

 V
ita

mi
n D

 
can

 im
pro

ve
 m

usc
ula

r s
tre

ng
th,

 de
cre

ase
 th

e r
isk

 of
 

de
ve

lop
ing

 os
teo

ma
lac

ia,
 an

d i
mp

rov
e l

on
g‐t

erm
 bo

ne
 

he
alt

h i
n p

ati
en

ts 
wi

th 
FM

. V
ita

mi
n D

 su
pp

lem
en

tat
ion

 ha
s 

the
 po

ten
tia

l t
o i

mp
rov

e t
he

 qu
ali

ty 
of 

life
 in

 pa
tie

nts
 

suf
fer

ing
 fr

om
 FM

, fo
r a

 lo
w 

co
st, 

an
d t

hu
s s

ho
uld

 
co

nti
nu

e t
o b

e e
xp

lor
ed

.

M
eth

od
s: 

W
e c

on
du

cte
d a

 sy
ste

mi
c c

om
pre

he
nsi

ve
 li

ter
atu

re 
sea

rch
 us

ing
 a 

co
lla

bo
rat

ion
 of

 
ex

ist
ing

 pu
bli

cat
ion

s i
nv

olv
ing

 vi
tam

in 
D 

in 
the

 m
an

ag
em

en
t o

f c
hro

nic
 pa

in 
in 

fib
rom

ya
lgi

a. 
W

e 
pre

sen
t t

he
 ex

ist
ing

 li
ter

atu
re 

in 
the

 un
de

rst
an

din
g 

of 
the

 ef
fic

acy
 of

 vi
tam

in 
D 

in 
the

 m
an

ag
em

en
t 

of 
ch

ron
ic 

pa
in 

in 
fib

rom
ya

lgi
a.

Re
su

lts
:A

ran
do

mi
zed

 co
ntr

ol 
tria

l s
tud

ied
 th

e e
ffe

cts
 o

f p
ati

en
ts 

tak
ing

 20
00

 IU
 of

 or
al 

ch
ole

cal
cif

ero
l d

ail
y f

or 
six

 m
on

ths
. O

ut 
of 

72
 pa

tie
nts

 di
ag

no
sed

 w
ith

 FM
S, 

36
 pa

tie
nts

 re
cei

ve
d 

vit
am

in 
D 

tre
atm

en
t w

hil
e t

he
 ot

he
r 3

6 r
ece

ive
d a

 pl
ace

bo
. A

t s
ix 

mo
nth

s, 
pa

tie
nts

 in
 th

e T
G 

sho
we

d d
ecr

eas
ed

 V
AS

 sc
ore

s f
rom

 6.
6±

2.5
 to

 2.
9±

2.7
 (p

 < 
0.0

01
). T

he
 sc

ore
s a

lso
 sh

ow
ed

 th
at 

low
er 

25
‐O

H 
vit

am
in 

D 
lev

els
 co

rre
lat

ed
 w

ith
 hi

gh
er 

sco
res

 of
 th

e F
IQ

 w
ith

 an
 r o

f 0
.54

9 (
p <

 
0.0

05
). T

his
 st

ud
y c

on
clu

de
d t

ha
t v

ita
mi

n D
 su

pp
lem

en
tat

ion
 ha

d a
 po

sit
ive

 ef
fec

t o
n p

ain
 

pe
rce

pti
on

 in
 FM

 pa
tie

nts
. 

Ve
pn

ar
et 

al.
 co

nd
uc

ted
 a 

stu
dy

 in
vo

lvi
ng

 3
0 w

om
en

 w
ith

 FM
 w

ho
 

we
re 

div
ide

d i
nto

 vi
tam

in 
D 

gro
up

 ve
rsu

s p
lac

eb
o. 

Th
ere

 w
ere

 si
gn

ific
an

t i
mp

rov
em

en
ts 

in 
the

 
vit

am
in 

D 
gro

up
 in

 te
rm

s o
f V

AS
 sc

ore
s a

nd
 SF

‐36
. Y

ilm
az 

et 
al.

 co
nd

uc
ted

 a 
stu

dy
 th

at 
inv

olv
ed

 
58

 pa
tie

nts
 to

 as
ses

s t
he

 ef
fec

t o
f v

ita
mi

n D
 su

pp
lem

en
tat

ion
 in

 pa
tie

nts
 w

ith
 ch

ron
ic 

wi
de

spr
ea

d 
mu

scu
los

ke
let

al 
pa

in 
(C

W
P),

 in
clu

din
g t

ho
se 

wi
th 

FM
S. 

Pa
tie

nts
 w

ere
 gi

ve
n 5

00
00

 IU
/w

eek
 or

al 
vit

am
in 

D 
an

d e
lem

en
tal

 ca
lci

um
 da

ily
 fo

r t
hre

e m
on

ths
. A

t b
ase

lin
e, 

the
 fr

eq
ue

nc
y o

f m
eet

ing
 

FM
S c

rite
ria

 w
ith

in 
tho

se 
wi

th 
CW

P w
as 

inc
rea

sed
 in

 th
ose

 w
ith

 se
ve

re 
vit

am
in 

D 
de

fic
ien

cie
s, 

as 
de

fin
ed

 as
 < 

0.0
01

) a
nd

 a 
sig

nif
ica

nt 
de

cre
ase

 in
 A

LP
 le

ve
ls 

(p 
< 0

.00
1).

 Th
ere

 w
as 

no
 si

gn
ific

an
t 

ch
an

ge
 in

 th
e C

a o
r P

 le
ve

ls. 
Th

ere
 w

ere
 si

gn
ific

an
t d

ecr
eas

es 
in 

pa
in 

an
d a

sth
en

ia 
(p<

 0.
00

1).
 Th

e 
stu

dy
 co

nc
lud

ed
 th

at 
vit

am
in 

D 
sup

ple
me

nta
tio

n 
lea

d t
o a

n i
mp

rov
em

en
t i

n m
usc

ulo
ske

let
al 

sym
pto

ms
 an

d p
ati

en
ts' 

qu
ali

ty 
of 

life
. P

ati
en

ts 
wi

th 
CW

P s
ho

uld
 be

 in
ve

sti
ga

ted
 fo

r v
ita

mi
n D

 
de

fic
ien

cie
s. 

In 
a r

an
do

mi
zed

 co
ntr

ol 
tria

l o
f 3

7 p
ati

en
ts 

wi
th 

FM
S, 

pa
tie

nts
 re

cei
ve

d c
om

bin
ed

 
vit

am
in 

D 
sup

ple
me

nta
tio

n 
wi

th 
Tr

aza
do

ne
 fo

r e
igh

t w
eek

s a
nd

 fo
un

d s
im

ila
r r

esu
lts

. P
ati

en
ts 

we
re 

giv
en

 50
,00

0 I
U 

of 
ora

l v
ita

mi
n D

 w
eek

ly 
an

d 2
5 m

g o
f tr

azo
do

ne
 at

 be
dti

me
 da

ily
. R

esu
lts

 at
 th

e 
en

d o
f 8

 w
eek

s s
ho

we
d a

 si
gn

ific
an

t i
mp

rov
em

en
t i

n b
oth

 th
e p

hy
sic

al 
(p=

0.0
01

) a
nd

 m
en

tal
 

(p=
0.0

4) 
co

mp
on

en
t s

co
res

 of
 th

e S
F‐3

6 s
urv

ey
 in

 th
e T

G 
co

mp
are

d w
ith

 a 
de

cre
ase

 in
 th

e C
G.

 
Th

ere
 w

as 
a d

ecr
eas

e i
n W

PI 
sco

res
5 i

n b
oth

 th
e T

G 
an

d C
G 

bu
t th

e d
ecr

eas
e w

as 
mo

re 
sig

nif
ica

nt 
in 

the
 T

G 
(p=

0.0
07

). T
he

 T
G 

gro
up

s s
ho

we
d i

mp
rov

em
en

t i
n s

ub
sco

res
of 

FIQ
 in

clu
din

g t
he

 m
ost

 
im

pro
ve

me
nt 

see
n i

n m
orn

ing
 ti

red
ne

ss,
 st

iffn
ess

, a
nx

iet
y, 

an
d d

ep
res

sio
n. 

To
tal

 FI
Q 

sco
res

 
de

cre
ase

d 
fro

m 
52

.4±
16

.6 
to 

29
.7±

14
 in

 th
e T

G 
co

mp
are

d t
o a

 de
cre

ase
 fr

om
 50

.7±
16

 to
 40

.4±
15

.3 
in 

the
 C

G 
(p=

0.0
64

). P
SQ

I s
co

res
 de

cre
ase

d f
rom

 10
 to

 6.
1 i

n t
he

 T
G 

an
d f

rom
 10

.4 
to 

8.1
 in

 th
e 

CG
 (p

=0
.00

2).
 O

ne
 lim

ita
tio

n o
f t

his
 st

ud
y w

as 
the

 sh
ort

 fo
llo

w 
up

 tim
e o

f 8
 w

eek
s. 

 D
esp

ite
 th

e 
da

ta 
sug

ge
sti

ng
 si

gn
ific

an
t p

ote
nti

al 
in 

vit
am

in 
D,

 th
ere

 re
ma

ins
 so

me
 di

sco
rda

nc
e a

bo
ut 

the
 be

ne
fit 

of 
vit

am
in 

D 
in 

the
 m

an
ag

em
en

t o
f p

ati
en

ts 
wi

th 
FM

. In
 a 

RC
T o

f 5
0 p

ati
en

ts 
dia

gn
ose

d 
wi

th 
FM

, 
the

re 
we

re 
no

 si
gn

ific
an

t d
iffe

ren
ces

 in
 pa

in 
sco

res
 be

tw
een

 th
e t

rea
tm

en
t a

rm
 an

d t
he

 co
ntr

ol 
arm

 
de

spi
te 

the
re 

be
ing

 a 
dif

fer
en

ce 
in 

ser
um

 le
ve

ls 
of 

vit
am

in 
D 

be
tw

een
 th

e t
wo

 gr
ou

ps.

Ba
ck

gr
ou

nd
: F

ibr
om

ya
lgi

a (
FM

) i
s a

 co
mb

ina
tio

n o
f p

rol
on

ge
d, 

wi
de

spr
ea

d 
mu

scu
los

ke
let

al 
pa

in 
wi

th 
ass

oc
iat

ed
 co

nc
om

ita
nt 

fat
igu

e, 
he

ad
ach

es,
 st

iffn
ess

, 
ge

nit
ou

rin
ary

 sy
mp

tom
s, 

dis
tur

be
d s

lee
p p

att
ern

s, 
an

d c
og

nit
ive

 di
ffic

ult
ies

. T
he

 
sym

pto
ms

 di
spl

ay
ed

 in
 a 

pa
tie

nt 
can

 si
gn

ific
an

tly
 d

iffe
r t

hro
ug

ho
ut 

the
 di

sea
se 

fro
m 

ind
ivi

du
al 

to 
ind

ivi
du

al.
 T

he
 sy

mp
tom

s a
lso

 sh
ow

 di
scr

ep
an

cie
s w

ith
in 

the
 sa

me
 

pa
tie

nt 
thr

ou
gh

ou
t th

e p
rog

res
sio

n o
f th

e d
ise

ase
. T

his
 m

ak
es 

it c
riti

cal
 fo

r t
he

 
ph

ysi
cia

n t
o h

av
e a

 re
aso

na
ble

 su
spi

cio
n o

f d
iag

no
sin

g s
om

eo
ne

 w
ith

 FM
, w

ho
 

pre
sen

ts 
wi

th 
the

 re
qu

isi
te 

sym
pto

ms
. W

ith
 th

ese
 va

ria
ble

 sy
mp

tom
s, 

the
 

syn
dro

me
's 

pre
sen

tat
ion

 m
ust

 de
pe

nd
 on

 th
e p

ath
op

hy
sio

log
ica

l c
ha

ng
es 

an
d t

he
 

en
vir

on
me

nta
l f

act
ors

 th
at 

a p
ers

on
 ex

pe
rie

nc
es.

 
Fib

rom
ya

lgi
a p

ath
op

hy
sio

log
y 

inc
lud

es 
ge

ne
tic

 an
d e

nv
iro

nm
en

tal
 fa

cto
rs 

tha
t m

an
ife

st 
wi

th 
the

 hu
ma

n b
od

y's
 

ne
uro

en
do

cri
ne

 sy
ste

m.
 T

he
re 

is 
a c

en
tra

l s
en

sit
iza

tio
n 

to 
pa

in 
an

d l
im

ita
tio

n t
o t

he
 

inh
ibi

tor
y m

ech
an

ism
 to

 pa
in.

 T
he

 di
sea

se'
s t

rad
em

ark
 is

 an
 ov

era
cti

ve
 ce

ntr
al 

ne
rvo

us 
sys

tem
 th

at 
res

ult
s i

n a
n i

nc
rea

sed
 am

ou
nt 

of 
pa

in 
cau

sed
 by

 th
e C

NS
 an

d 
pe

rce
ive

d 
by

 th
e p

ati
en

t. T
his

 sy
nd

rom
e c

an
 ar

ise
 in

de
pe

nd
en

tly
 an

d o
fte

n o
ccu

rs 
wi

th 
oth

er 
ch

ron
ic 

co
nd

itio
ns 

suc
h a

s c
on

tin
uo

us 
inf

lam
ma

tio
n o

r p
eri

ph
era

l n
erv

e 
da

ma
ge

. W
ith

 th
e c

ulm
ina

tio
n o

f s
ym

pto
ms

 p
res

en
t i

n F
M,

 m
an

ag
ing

 th
e s

yn
dro

me
 

tak
es 

a c
on

cer
ted

 ef
for

t b
y b

oth
 th

e p
ati

en
t a

nd
 th

e p
hy

sic
ian

. T
he

 cu
rre

nt 
tre

atm
en

t 
for

 FM
 in

clu
de

s p
ha

rm
aco

log
ic 

the
rap

y. 
Th

e c
urr

en
t p

ha
rm

aco
log

ica
l t

rea
tm

en
t 

op
tio

ns 
for

 FM
 ar

e p
reg

ab
ali

n, 
du

lox
eti

ne
, a

nd
 m

iln
aci

pra
n, 

wh
ile

 th
e 

no
n‐p

ha
rm

aco
log

ic 
tre

atm
en

ts 
are

 ph
ysi

cal
 ex

erc
ise

, c
og

nit
ive

 be
ha

vio
ral

 th
era

py
, 

an
d a

lte
rna

tiv
e m

ed
ici

ne
 (1

5).
 O

ne
 su

ch
 al

ter
na

tiv
e m

ed
ici

ne
 is

 V
ita

mi
n D

. 
Lo

w 
lev

els
 of

 25
(O

H)
D 

ha
ve

 be
en

 id
en

tifi
ed

 as
 in

flu
en

cin
g t

he
 se

nsi
tiv

ity
 to

 pa
in 

in 
the

 
cen

tra
l n

erv
ou

s s
yst

em
 (C

NS
) v

ia 
au

gm
en

tat
ive

 pr
op

ert
ies

. I
n o

ne
 st

ud
y, 

the
re 

wa
s 

an
 in

ve
rse

 re
lat

ion
shi

p 
be

tw
een

 2
5(O

H)
‐D

 le
ve

ls 
an

d m
ech

an
ica

l p
ain

 se
nsi

tiv
ity

 to
 

me
ch

an
ica

l s
tim

uli
. T

his
 fin

din
g i

s e
spe

cia
lly

 n
ota

ble
 gi

ve
n t

ha
t F

M 
ha

s b
een

 
ide

nti
fie

d 
as 

a c
en

tra
l s

en
sit

ivi
ty 

syn
dro

me
. F

urt
he

rm
ore

, s
ev

era
l s

tud
ies

 ha
ve

 
ide

nti
fie

d 
the

 ro
le 

of 
ste

roi
ds 

in 
mo

du
lat

ing
 ne

uro
na

l e
xc

ita
bil

ity
, o

ne
 of

 w
hic

h i
s 

vit
am

in 
D.

 T
he

se 
fin

din
gs 

ind
ica

te 
tha

t v
ita

mi
n D

 ca
n f

un
cti

on
 to

 in
flu

en
ce 

mi
cro

gli
a, 

ast
roc

yte
s, 

an
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 re
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y p
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dis
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