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Diagnosingandtr eatingneur o-

pathicpaincanbev erydifficult

forhealthcareproviders,andeven

morefr ustratingforpatients. Manage-

mentofneuropathicpainvarieswidely,

andoptionsincludeoraladjuv antand

topicalanalgesics,opioids,physicalther-

apy,andregionalanesthesia.

Oneofthemosteffectivemethodsisa

formofneur omodulationcalledspinal

cordstimulation(SCS).SCSisareversible

procedurethatiseffecti veinr educing

painandbeneficialinrestoringfunction

totheaffectedextr emities.Thisar ticle

providesbackg roundonChr onicRe-

gionalPainSyndrome(CRPS)andits

treatments,andexploresthebenefitsand

practicalitiesofusingspinalcordstimula-

tiontotreatpatientssuffer ingfromthis

typeofneuropathicpain.

CausesofNeuropathicPain
Neuropathicpainofanyorigincanbe

debilitatingtopatients.Especiallyfrus-

tratingtopatientsisthatneur opathic

painisoneofthemostdifficultcondi-

tionstotreat,andmayrequirerepeatof-

ficevisitsandextensi veadjustmentsin

medications.

Commoncausesofneur onalinjury

thatcauseneur opathicpaininclude

complexregionalpainsyndrometypes

IandII,diabeticperipheralneuropathy,

phantomlimbpain, postlaminectomy

syndrome,compressionandner veen-

trapmentsyndromes.However,neuro-

pathicpaincanalsooccurinthe

absenceofanyinjuryorknowncause.

Neuropathicpainmayresultfromale-

sioninanypartofthenervoussystem.1

Itcaninvolveuninjuredadjacentneu-

ronsleadingtoper ipheralsensitization

andincreasedexcitabilityofthebrain

andspinalcordduetocentralsensitiza-

tion.

Typicalmanifestationsofneuropathic

painincludeaburningsensation,throb-

bingpainaccompaniedb yallodynia

(painwithlighttouch), h yperalgesia

(exaggeratedpainfrompinpr ick),and

sensorydeficits.2

ComplexRegional
PainSyndromePrimer
Theter minologyofCRPS ,for merly

knownasReflexSympatheticDystrophy

(RSD),wasrevisedin1994bytheInter-

nationalAssociationfortheStudyof

Pain.3Thefollowingisabriefoverview.

CRPSTypeI(RSD)includesthefol-

lowingclinicalfindings:allodynia(such

assensorychanges),regionalpain,tem-

peratureabnor malities,edema, skin

coloralterations,andabnor malsudo-

motoractivity.CRPSTypeII(causalgia)

includesalloftheabovefindingsalong

withadefiniti veper ipheralner vele-

sion.Itisalsoimportanttonotethatnot

everycriterionwillbepresentinallpa-

tientswithCRPS.

Whilethepathophysiologyofthedis-

easeisnotwellunderstood,painremains

essentialtothediagnosis. Therefore,itis

importanttoconsiderthepossibilityof

CRPSwhentreatingapatientwhohas

painthatisdisproportionatetotheincit-

ingevent.CRPSusuallyoccur safteran

incitinge ventsuchassurger yoran

episodeoftrauma.Itisimportanttonote

thatCRPShasbeenreportedeventafter

trivialeventssuchasvenipuncture.Infact,

thereha vebeendocumentedcasesin

whichthepatientmaynotevenremem-

bertheevent,becauseitseemedatthe

timesuchaminor,everydayoccurrence.

ExclusioncriteriaforCRPSpreclude

patientswithclinicalfindingsthatar e

temporarilyproportionateanatomically

andphysiologicallytoaninjury.4

MethodsforManaging
NeuropathicPain
Recognizingneuropathicpainisthefirst

stepintr eatment;attemptingtomed-

icallymanagetheconditionisoftenthe

second.Medicationsthathavebeenused

tosuccessfullytreatneuropathicpainin-

cludetheadjuv antanalgesics.  These

medicationsarereferredtoasadjuv ant

SpinalCordStimulationforTreatmentof
ChronicRegionalPainSyndrome
Thebenefitsofandkeystousinganimplantablespinalcordstimulator
torelieveneuropathicpain.

SpinalCordStimulation
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analgesicbecausetheirpr imaryindica-

tionistotr eatconditionsotherthan

pain,suchasdepressionorepilepsy.These

medicationsincludeanti-epilepticdrugs

(suchasgabapentinandpregabalin),tri-

cyclicanti-depressants(suchasamitripty-

lineanddesipramine), andne wer

serotonin-norepinephrinereuptakein-

hibitors(suchasduloxetine,venlafaxine).

Opioidssuchastramadolarealsobe-

lievedtobeeffecti vewhenusedin

combinationwithothermedications

andaggressivephysicaltherapy.Theuse

ofopioidsinneuropathicpainwasini-

tiallycontroversial,butisnowrecom-

mendedasfir st-linetr eatmentfor

neuropathicpain.1,5

Topicalanalgesicssuchascapsaicin

creamhavebeenshowntobebeneficial

bydepletingsubstancePfr omthepe-

ripheralter minalsofsensor yner ve

fibers.4,6 Selectiveserotoninreuptakein-

hibitors,ontheotherhand, havebeen

showntobenomor eeffectiveinthe

treatmentofneur opathicpainthan

placeboinpatientswhoar enotclini-

callydepressed.7,8

Inadditiontomedicalmanagement,

mobilizationoftheaffectedextremityis

essentialinthetr eatment.Theroleof

thephysicaltherapistshouldnotbeun-

derestimatedwhentreatingaCRPSpa-

tientbecauseimmobilizationofthe

affectedextremityiscounterproductive.

Regionalanesthesiaaswellastopical

analgesicsmaybeusedinhelpingr e-

storefunctiontoaneffectedextr emity.

Sympatheticblocksareusefuliniden-

tifyingpainthatissympatheticallyme-

diated.Theprocedureisperfor medby

placingthetipoftheneedleunderflu-

oroscopicguidanceanter iortotheL2

orL3vertebralbodies.Alocalanesthetic

isinjectedtointerruptthetransmission

ofthelumbarsympatheticner ves.Ob-

jectivedeter minationofasuccessful

blockincludesfindingsofv asodilation

andincr easedtemperatur eintheef-

fectedextremity.

Ifapatientr eportsreducedpainafter

theprocedure,thenthepainisclassified

asbeingsympatheticallymediated.Sym-

patheticblocksperformedbeforephysical

therapymayaidinf acilitatingmobiliza-

tionoftheeffectedextremityandgreater

participationinphysicaltherapy.Aseries

oflumbarsympatheticblocksarecontin-

ueduntileitherthepatientreceivesreso-

lutionoftheirpainornolonger

demonstratescontinuedbenefit.

Historyof
SpinalCordStimulation
Neuromodulationisascientifically

proventreatmentusedtoaltertheelec-

tricalsignalssenttothebrainandspinal

cord.SCS,aformofneuromodulation,

masksthepainsignalsb ydeli vering

pulsesofelectr icalcur rentdirectlyto

thespinalcord,therebytargetingpain

inmultipleareas(seeFigure1).

TheuseofSCSw asfirstreportedby

Shealyin1967. 9 Sincethen,thedevice

hasbeenusedtotreatavarietyofpainful

conditions.SCShasbeenwidelyapplied

toavarietyofneuropathicpaincondi-

tionsoverthepast30years.Clinicalstud-

iesshowitisasafe ,effectivetherapeutic

modalityforreducingchronicrefractory

painofthetrunkandlimbs.10

Thespinalcordstimulatoritselfisan

implantablemedicalde vicethatboth

generatesandtransmitsanelectricalim-

pulse,thuscr eatinganelectr icalfield

thatstimulatesthedorsalcolumnfibers

inthespinalcor d.Theseelectr icalim-

pulsesconvertpainsignalsintopar es-

thesias,whichar eper ceivedb ythe

patientasatingling,pleasantsensation.

ThepotentialadvantagesofSCSin-

cludether eductionoreliminationof

medicationuseinaddr essingpatients’

pain.Inaddition, SCSisar eversible

procedurethatiseffecti veinnotonly

providinganaglesiab utalsor estoring

functiontotheaffectedextremities.4

SCSMechanismofAction
Avarietyoftheor ieshavebeenpostu-

latedastothemechanismofactionof

spinalcordstimulation.Inthegate-con-

troltheory,firstpublishedbyMelzack

Figure1.Theimplantablespinalcordstimulator
maskspainsignalsbydeliveringpulsesofelec-
tricalcurrentdirectlytothespinalcord,thereby
targetingpaininmultipleareas.

Figure1
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andWallin1965, 11 theauthorspostu-

latedtheexistenceofapr overbialgate

inthedor salhor nofthespinalcor d.

Thisso-calledgatecontr olsthetrans-

missionofneuralactivity.12 Bystimulat-

ingthedor salhor nandther eby

activatingthelargediameteraffer ent

nervefibers,thegatecouldbeclosed,

resultinginsuppressionofpainfulinputs

tothecentralnervoussystem.12

WhiletheexactmechanismofSCS

isstilldebated,recentstudieshavesug-

gestedthattheeffectsofSCSaremedi-

atedbymultiplemechanismsandar e

effectiveinneuropathic,sympathetically

mediatedpainandischemicpain

states.12 SCSisthoughttoaffectthe

neurotransmittersinthecentralnervous

system,acti vatesupraspinalcir cuits,

modulatethespinothalamictracts,sup-

pressionofsympatheticactivityandac-

tivationofthedescendinginhibitor y

painpathways.13

IndicationsforUseofSCS
SCSisindicatedforpaininthetr unk

andlimbs.Ithasbeenshowntobeeffec-

tiveinpainfulconditionssuchasradicu-

larpainsyndromes,failedbacksurger y

syndromes,andCRPS.14 Inadditionto

neuropathicchronicpainconditionsin

thetrunkandlimbs,otherapplications

forSCSha vebeencitedinthelitera-

ture.14-16

SurgicalTechnique
Ascreeningtrialthatletsthepatienttest

drivethespinalcordstimulatordeviceis

performedbeforepermanentimplanta-

tionofthedevice.Thetrialcanbedone

intheofficeunderlightintravenousse-

dationandlocalanesthesiawhilethepain

medicinephysicianpercutaneouslyin-

sertstheleads.Thetrialleadsareremoved

afterthetr ialper iodregardlessoftheir

outcome.Thisletsthetreatingphysician

andpatientadequatelyassessthebenefit

derivedfromthetrialbeforeproceeding

tosurgicalimplantation.Hence,remov-

ingtheper cutaneousleadsmak esthe

trialareversibleprocedureandhelpsad-

dresspatients’pre-operativeconcerns.

Thepatientisplacedinaproneposi-

tion.A14-gaugeepiduralneedleistyp-

icallyinser tedintotheupperlumbar

epiduralspace.Thespinalcordstimula-

torleadsaretheninser tedthroughthe

needleandadvancedcephaladintothe

thoracicepiduralspaceunderfluor o-

scopicguidance.Forthelowerextrem-

ity,theleadtipistypicallyplaced

betweenT10andT11.Forbilateralleg

pain,twoleadsar etypicallyinser ted.

Eachleadhaseightcontacts.

Duringthetrial,theleadsaretapedto

theskinandconnectedtoanexter nal

batteryviaanextensioncab le(seeFig-

ure2).Thegoalistooverlapthepares-

thesiasproducedbythedevicewiththe

patient’spainfulareas.Thedevicerepre-

sentativeusesanexternalprogrammerto

adjustthevoltage,pulsewidthandfr e-

quency(see Figures3and4).Thepa-

tientisgivenseveralprogramstochoose

from,thetr ialphasetypicallylastsbe-

tween3and7da ys,whichletsthepa-

tientassesstheeffecti venessofthe

stimulationundernormalcircumstances

andinnormalsurroundings.13 Thepa-

tientisabletoturnonandoffthedevice

usingawir elessremotecontrol.Upon

completionofthetr ial,thepatientr e-

turnstothephysician’sofficetohavethe

leadsremoved.

Atr ialisconsider edsuccessfulifa

SpinalCordStimulation

Figure2.Ascreeningtrialletsthepatienttestdrivethespinalcordstimulatordevicebeforeperma-
nentdeviceimplantation.Duringthetrial,theleadsaretapedtotheskinandconnectedtoanexternal
batteryviaanextensioncable.

Figure2
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50%reductionintheintensityofthe

painisachieved.Ifthetrialissuccessful,

thepatientisthenscheduledforim-

plantationofthedeviceinanoperating

roomasanoutpatientpr ocedure.Im-

plantationoftheSCScanbeperformed

eitherpercutaneouslyoropen. Open

surgicalplacementinvolvestheuseofa

paddleleadplacedthr oughanopen

laminotomyincision.

Forpermanentleadplacement,askin

incisionismadeattheleadinser tion

site.Oncetheleadsar eplacedinthe

epiduralspace,theyareanchoredtothe

fasciaorsupraspinousligament.Asub-

cutaneouspock etiscr eatedinthe

glutealareafortheimpulsegenerator ,

orbattery.Theleadsarethentunneled

tothepock etandconnectedtothis

rechargeablebattery(seeFigure5).

Summary
Spinalcordstimulationhasahighinitial

acquisitioncost,butreductionsinmed-

icationusage,physicianvisits,emergency

roomvisits,absencefromwork,surgeries,

andadditionalhospitalizationsoffsetover-

allcosts. 13,17 Manystudiesha veshown

spinalcordstimulationiscost-effectivein

treatingpainincomparisontoothercon-

servativetherapies;Belletalsho wSCS

paysforitselfwithin2.1years.17,18

Inthefollo wingpages,weexplore

threerealclinicalcasesinwhichSCS

wasusedtotreatdifferentCRPSsitua-

tions:afterneuromasurgery(seep.7);

afterhammertoesurgery(seep.10);and

afterfailedtarsaltunnel(seep.12).■
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Figures3and4.Oncethetrialdevicehasbeen
attached,thedevicerepresentativeusesanexter-
nalprogrammertoadjustthevoltage,pulsewidth
andfrequency.Thepatientisabletoaccesssev-
eralprogramsoverthe3-to7-daytrialphase.

Figure3

Figure4

Figure5.Duringsurgicalimplantation,asubcu-
taneouspocketiscreatedintheglutealareafor
theimpulsegenerator(battery).Theleadsare
thentunneledtothepocketandconnectedto
thisrechargeablebattery.

Figure5
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Morton’sinter metatarsalneu-

romaisacompr essionneu-

ropathythatmostcommonly

involvesthedig italnerves.Thepatient

history,clinicalfindingsandtr eatment

guidelineshaverecentlybeenpublished

andarebasedonaconsensusofcurrent

clinicalpracticeandar eviewofthe

clinicalliterature.Theguidelineswere

developedb ytheClinicalPractice

GuidelineForefootDisordersPanelof

the AmericanCollegeofF ootand

AnkleSurgeons.1

Neuromasar emostcommonly

foundinthe3r dinter space,butcan

occasionallyoccurintheotherspaces

aswell.Thepatienthistor ywilltypi-

callydescr ibeab urningortingling

sensationandpossib lenumbnessthat

involvestheassociateddig its.Thepa-

tientmaydescr ibea“hotpok er”or

“wrinkleinthesock”sensationthatis

exacerbatedinshoegearandwitham-

bulation.Reliefisoftenfeltuponr e-

movaloftheshoeandwithmassageof

thearea.

Theclinicianwillcommonlybeable

toelicitpainandapalpableclick(Mul-

der’ssign)withmanipulationofthein-

terspace.X-ra ysar eneededonthe

initialvisittoexcludeanybonypathol-

ogyandMRImaybeconsideredtoaid

inthediagnosis.Devicessuchasultra-

soundandpr essure-specifiedsensor y

device(PSSD)canbev eryhelpfulif

availabletotheclinician.

Thediagnosisismadeclinically;other

ancillarytestsshouldber eservedfor

atypicalpr esentationsortoexclude

othertypesofpatholo gy.Pathological

conditionsthatmimicMor ton’sneu-

romaincludestressfracture,metatarsal

phalangealjointbursitis,metatarsalpha-

langealjointinstabilityorpredislocation

syndrome(PDS),neoplasm,metabolic

peripheralneuropathy,orotherchronic

painsyndromes.

Initialtreatmentconsistsoftheuseof

widershoes,metatarsalpadding,anti-in-

flammatorymedicationsandinjections

ofeithersteroidsor4%alcohol. Ifthe

paindoesnotr esolve,themostcom-

monsurg icalprocedureisexcisionof

theneuroma(see Figures1and2 ).

Decompressionsurgeryandcr yogenic

neuroablationarebecomingmorecom-

moninattemptstodecr easethecom-

plicationsassociatedwithresectionsuch

as,stumpneuroma,seroma,woundde-

hiscenceandinfection.

Recurrentorstumpneuromacanbe

achallengingentityfortheclinician.It

hasarecurrencerateof3%to24%after

dorsalexcision, 2–12 andpatientswho

havefailedaprimarynerveresectionare

oftenhesitanttoundergofur thersur-

gery.Thesymptomsofr ecurrentneu-

romacanofteno verlapwithmultiple

etiologiesincludingor thopedicand

neuropathicpainconditions.

Attemptsha vebeenmadetode-

creasetheincidenceofr ecurrence

withconser vativeandsurg icaltech-

niques.Moreconservativetreatments

includeinjections(steroidsor4%al-

cohol),massage,ultrasound,orthotics,

NSAIDS,andadjuv antanalgesics.

Duringinitialsurger y,these vered

nerveisrelocatedintoalocalm uscle

bellydur ingtheinitialsurger y.This

mayaidinpreventinglocalizedtrauma

tothener ve,buttherehasbeenno

proventr eatmenttopr event“r e-

growth”ofthener ve.13 Additional

surgicaltreatmentiscommonlyper-

formedviaplantarexcisionwithfur-

therr esectionandm uscular

implantationwiththepossibleneedof

anadditionaltarsaltunnelrelease.13

Painandn umbnesstotheplantar

foot,underorbetw eenthemetatar sal

headsisthepr imarycomplaint.Accu-

rateclinicaldiagnosisisparamountto

successfultreatment;consultationwith

apainmanagementph ysicianmayaid

inaccuratediagnosisandtr eatment.If

ClinicalCaseReportNo.1:Residual
NeuropathicPainAfterNeuromaExcision
Apatientwhowassuccessfullytreatedbyspinalcordstimulation
forarecurrentneuromaandresidualneuropathicpainafterprevious
surgicalresection

ResidualNeuropathicPain
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thereisanydoubtthatthepainisneu-

rologicallyinduced,onecanconsideran

MRIforevaluationofastr essfracture

orbursitistotheassociatedstructures.

Theneur omaisoftenlocatedin

closeproximitytoeitherthe3r dor

4thmetatar salhead. PDSm ustbe

ruledout.Occasionally,apatientwill

presentwithPDSafternerveresection

orduetopossiblemisdiagnosisofPDS

beforetheinitialnerveresection.Pal-

pationinthear eawillelicitpainin

bothrecurrentneuromaandPDS,but

theclinicalhistor yisquitediffer ent,

thustheclinicalhistor yisessentialin

makingthediagnosis.

Neuromaandr ecurrentneur oma

painar esignificantlyr educedwhen

thepatientisbar efootorwearswide

shoes,wher easPDSisoftenmost

painfulwhenbarefoot.Asimpleclini-

caltestistostrapthetoeinaslightly

flexedpositionwithacross-tapeorby

buddysplintingtheassociatedtoes.

Recurrentneuromadiagnosiscanbe

aidedbyuseofaPSSD.13 Otherneu-

rologicalproblemsthatmaycompli-

catethediagnosisofr ecurrent

neuromaarediabeticper ipheralneu-

ropathy,idiopathicper ipheralneu-

ropathy,tar saltunnelsyndr ome,

andradiculopathy.

Thefollowingcaser eportsapatient

whowassuccessfullytreatedbyspinal

cordstimulationforar ecurrentneu-

romaandresidualneuropathicpainafter

previoussurgicalresection.

PatientandCase
A31-yearoldwomanpresentedto

theoffice9monthsafternerveresection

for2ndand3r dinter spaceneuromas,

originallyperformedbyherorthopedic

surgeon.Herpainwasimprovedforthe

first2months.However,shehadar e-

currenceofpainthatw orsened3

monthsafterthesurgery.

Thepatienttr iedphysicaltherapy

andaTENSunit,bothofwhichfailed

Figures1and2.IfthepaincausedbyaMorton’sintermetatarsalneuromadoesnotresolvewithmed-
icalmanagement,theneuromacanbesurgicallyexcised.

Figure2

Figure1
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toimpr oveherpain. Shew asthen

startedonacombinationofanti-neu-

ropathicmedications—gabapentin

andnortriptyline—withoutrelief.A

seriesoflocalster oidinjectionsand

peripheralnerveblocksprovidedonly

temporaryrelief.

Initialpr esentationw asfor“foot

painaftersurger y.”Thepatient’shis-

toryalsorevealedlowerbackpain.Lo-

calizedtendernessplantarandslightly

lateraltothe3r dmetatarsalheadwas

observedwith“shootingpain”proxi-

mally.X-rayfindingswerenegativefor

osseouspathology.Atentativediagno-

sisofrecurrentneuromawasmadeand

thepatientwasinstructedtousepre-

gabalin75mgPOqhsfor3daysthen

BIDonday4.Over-the-counteror-

thoticswerecustomizedtooffloadthe

area,andshewasgivenaprescription

foranMRI.Shewastheninstr ucted

tofollowupin2weeks.

Thepatientdeniedan yreliefwith

orthoticsorwithpr egabalin.HerMRI

wasnegativeforstressfractureorbursitis,

butshowedinflammationtotheplantar

footbetweenthemetatar salheads.The

patientrefusedanyfurtherinvasivepro-

ceduresandwasreferredtoapainman-

agementphysicianforfurthercare.

Thepatientwastheninitiatedondu-

loxetine,hydrocodoneanddiclofenac ,

allofwhichfailedtoimprovehersymp-

toms.Alumbarsympatheticb lockalso

failedtoalleviatehersymptoms.After

failingconservativetreatmentandcon-

tinuingtosufferfr omlowerextremity

pain,thepatientagreedtoa5-dayspinal

cordstimulatortrialusingthePrecision

PlusTM (BostonScientificCorporation,

Valencia,CA).

Duringthetrial,thepatientreported

greaterthan80%reductioninherpain.

Sheunderwentpermanentimplantation

ofthespinalcordstimulator(seeFigure

3).Atthe8-monthfollow-up,thepa-

tienthasbeenab letodiscontin ueall

painmedications.Forexercise,shehas

evenreturnedtoherpr iorroutineof

long-distancerunning.■
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ResidualNeuropathicPain

Figure3.A31-year-oldwomanwhocouldnotgainpainrelieffrommoreconservativetreatments—
suchasorthoticsandanti-neuropathicmedications—forneuropathicpainafterneuromaexcisionun-
derwentpermanentimplantationofaspinalcordstimulator.After8months,shewasabletodiscon-
tinueallpainmedications.

Figure3
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Hammertoecorrectionisapartof

everysurg icalpractice . These

digitalcontracturescanoccurin

allthreeplanesofmotionincludingthe

frontal,sagittal,andtransverseplanes.1

Initialclassificationsofthedigitaldefor-

mitiesweoftenencounterwillinclude

clawtoe,mallettoe ,curlytoe ,andthe

classichammertoe.Thespecifictermto

beuseddependsonthelocationofhy-

perextensionandhyperflexion.Withthe

classicalhammertoedeformity,2 wesee

hyperextensionatthemetatar salpha-

langealjointasw ellasatthedistalin-

terphalangealjointandanassociated

hyperflexionatthepr oximalinterpha-

langealjoint.

Theetiologyofthedefor mityin-

cludesintr insicm usculatureimbal-

ance,lengthir regularitiesofthe

respectivelessermetatar sals,anelon-

gatedplantarplate ,progressivecon-

tracturesecondarytoanar thropathy

andthelistgoesonfr omthere.From

abiomechanicalstandpoint,weoften

refertothecausesofhammer toesto

beflexorstabilization, 3 extensorsub-

stitution,4,5 orflexorsubstitution.1 Re-

gardlessoftheetiolo gy,whendig ital

deformitiesleadtopainortissue

breakdown,theymustbeaddressed.

Treatmentgenerallyf allsintotw o

categories:conservativecareandsur-

gicalinter vention.Conser vativeop-

tions,especiallywithar igiddig ital

contracture,ar eoftenlimitedto

paddingandshoemodifications.While

differentmanufacturershaveproduced

morevarietiesofpadsthenmostofus

willeveruse,theirgoalisoftenthe

same:alleviatingpressurefromthearea

ofir ritation.Abiomechanicalargu-

mentfororthoticscanalwaysbemade

whenaddr essingconser vativetr eat-

mentofhammer toes.Ifconser vative

measuresfailtoadequatelyaddressthe

problemandthepatientisasurg ical

candidate,thensurgicalinterventionis

aviableoption.

Manysurgicaloptionsarenowavail-

able(seeFigures1and2 ).Surg ical

optionsincludedig italar throplasty,

digitalar throdesis,tendontransfer s,

tendonlengthening,flexortenotomies,

capsularr ebalancing,capsulotomies,

plantarplateprocedures,andimplant

arthroplasties,aswellasvariouscom-

binationsofthoseprocedures.

Aswithanysurgery,thereisachance

ofcomplications—hammertoesurgery

isnoexception.Surgicalcomplications

ofhammertoesurgerywerewellout-

linedbyJudge.6 Neuritiswasdiscussed

amongthem;however,ComplexRe-

gionalPainSyndrome(CRPS)wasnot,

becauseitisnotgenerallyconsideredto

beacomplicationspecifictoorcom-

monwithdigitalsurgery.

Thefollowingcasereportsonapa-

tientwhowassuccessfullytreatedwith

spinalcordstimulationforneuropathic

pain(duetoCRPS)r esultingfroma

secondhammertoesurgery.

PatientandCase
A39-yearoldfemalepresentedtothecli-

nicianwithapainfulsecondhammertoe.

Initialconser vativemeasur esincluded

padding,digitalsplintsandshoemodifi-

cations.Unfortunately,thepatientf ailed

torespondfavorablytoconservativecare

ClinicalCaseReportNo.2:Developmentof
CRPSAfterHammertoeSurgery
Apatientwhowassuccessfullytreatedwithspinalcordstimulationforneu-
ropathicpainresultingfromasecondhammertoe

Figures1and2.Manysurgicaloptionsarenow
availableforhammertoe,includingdigitalarthro-
plasty,digitalarthrodesis,tendontransfers,and
tendonlengthening.

Figure1

Figure2
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andprogressedontosurgery.

Theisolateddigitalsurgerywentwell

andthepatientinitiallyappearedtobe

recoveringinanune ventfulmanner .

Unfortunately,approximately3weeks

post-operatively,thepatientcalledr e-

questing“more”and“str onger”pain

medications.Giventheabr uptchange

inthepatient’sdesireforadditionalopi-

oids,shew asinstr uctedtor eturnto

clinicwhereshecouldbere-evaluated.

Theinitialclinicianconcer nwasfor

thepotentialforabuseoftheprescrip-

tionpainmedication.Whatwasinstead

discovereduponherarrivalwasaneven

worsecasescenario:Thepreviouslyam-

bulatorypatientpresentedtotheclinic

oncrutches.Duringtheevaluation,the

patientwasnotedtobeguar dingthe

foot.Shewasalsonotedtohaveedema

totheseconddigitaswellastheentire

forefoot.Examinationrevealedatem-

peraturedifferencebetweentheaffected

andthecontra-laterallowerextremity.

Shewaseducatedonconcer nsre-

latedtoneuropathicpainandtheprob-

abilityofCRPS .Initialmedical

managementincludedadditionalopi-

oidsandanescalatingdoseofpr ega-

balin.Afteranextendeddiscussionwith

thepatient,sherevealedthatsheprevi-

ouslysufferedfrom“somethingsimi-

lar”whenshehadinjur edherupper

extremity,butrelatedthatthephysician

hadcalledit“somethingdiffer ent”at

thetime.Whenthetermreflexsympa-

theticdystr ophy(RSD)w asmen-

tioned,sheimmediatelyrelatedthatto

betheconditionforwhichshehad

beentreatedafterwhattur nedoutto

bealower-trunkbrachialplexopathy.

GiventhepriorhistoryofCRPS,this

patientwasimmediatelyr eferredtoa

painmedicinepractitionerforfur ther

treatment.Thepatientwasinitiatedon

pregablinanddulo xetinebythepain

managementphysician.Threeseparate

lumbarsympatheticnerveblockswhere

performed.Eachb lockwasperformed

onedaybeforephysicaltherapytofacil-

itatepatientparticipation.

Thepatientinitiallyr eporteda60%

reductioninpainfollowingthesympa-

theticnerveblocks,butthefavorablere-

sultswher enotsustainedforan y

significantduration.Thesympathetic

nerveb lockswherediscontinuedbe-

causethelastpr ocedurefailedtopro-

videeventemporaryreductioninher

pain.Additionalmedicalmanagement

includedoxycodone,methadone ,hy-

drocodone,andclonazepam,allwithout

benefittothispatient.

Thepatientthenunderwenta7-day

spinalcordstimulatortr ial,usingPreci-

sionPlusTM (BostonScientificCorpora-

tion,Valencia,CA).Thepatientreported

a90%reductioninherfootpaindur ing

thetr ialandsubsequentlypr ogressedto

implantationofapermanentspinalcord

stimulator(seeFigure3)withasingle

leadatT-10.Shehassincereturnedtoall

activitiesandnolongerneedsan ymed-

icationstoaddressherpain.At10-month

follow-up,thepatientcontinuestomain-

tainreductioninpainandremainsapro-

ductive,workingmemberofsociety.■
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CRPSAfterHammertoeSurgery

Figure3.AfterimplantationofthepermanentspinalcordstimulatorwithasingleleadatT-10,thepa-
tientnolongerneedsanymedicationstoaddressherpain.

Figure3
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Tarsaltunnelsyndr omer efersto

compressionoftheposteriortib-

ialnerveasitcour sesalongthe

posterior-medialaspectoftheankleand

intothefoot.KeckandLamw erethe

firsttodescribetheconditionin1962.1,2

Theclassicsymptomsincludeparesthe-

siasalongthemedialaspectoftheheel

associatedwithaburningsensationinto

theankle.Painisoftenagg ravatedby

prolongedstandingorwalkingandfre-

quentlyincludespainatnight. Upon

examination,thecliniciancanelicita

positiveTinel’ssignwithpercussionof

thetibialner ve.Inrarecases,aspace-

occupyinglesionmayevenbepalpated.

Accuratediagnosisoftarsaltunnelsyn-

dromecanbechallenging.Manycondi-

tionsmimicfindingsoftar saltunnel

syndrome.Examplesoftheseconditions

includelumbosacralradiculopathyand

peripheralneuropathy.Althoughcontro-

versial,electrodiagnosticstudiesarestill

themostcommonobjectivetestusedfor

evaluation.Theuseofapr essure-speci-

fiedsensorydevice(PSSD)hasbecome

analternativemethodofnerveconduc-

tiontesting.3AnMRIshouldbeordered

beforetreatmenttoevaluateforaspace

occupyinglesionasw ellastoexclude

entitiessuchasintrafascicularganglions4

andneurilemmomas,5whichmaymimic

tarsaltunnelsymptoms.

Tarsaltunnelsyndromemaybethe

resultofbothintrinsicandextrinsicfac-

tors.Intr insicf actorsincludeo ver-

pronationresultinginatractioninjur y

ordirectcompressionwithintheflexor

retinaculum.Extr insicf actorsinclude

lumbosacralradiculopathy,diabeticneu-

ropathy,ganglions,varicosities,andother

space-occupyinglesions.

Conservativecareshouldal waysbe

attemptedwhenpossible.Thismayin-

cludeorthotics,injections,anti-inflam-

matorymedications, andph ysical

therapy.Ob viousexceptionstopr o-

longedconservativemeasureswouldin-

cludemalignancyoralarge

space-occupyinglesioncausingdir ect

nervecompression,asexpedientsurgical

interventionwouldbeindicated.

Surgicaldecompression(seeFigures

1and2)isassociatedwithahighrateof

complications.Gundr ingreportedthat

100%ofpatientsde velopedpositi ve

Tinel’ssignsandabnormalnervestudies

aftersurgery.6 Raikinalsonotedthatre-

visionaltar saltunnelsurger yrar ely

yieldedadditionalbenefittothepatient.7

Chronictarsaltunnelpainthatfailsto

respondtoconser vativetr eatmentor

surgicalinterventionposesasignificant

obstacletoboththepatientandph ysi-

cian.Extr insicfactorssuchasdiabetic

neuropathyorlumbosacralconditions

canbeofsuchseveritythatatarsaltun-

neldecompressionprovidesonlymini-

malbenefittothepatient—andma y

evencr eateanexacerbationoftheir

pain.Inthesecases,atimelyreferralto

aninterventionalpainmanagementspe-

cialistforspinalcordstimulationmight

beindicated.

Thefollowingcaser eportsapatient

whowassuccessfullytreatedbyspinal

cordstimulationtoalleviateneuropathic

painwhensurgeryfortarsaltunnelsyn-

dromefailed.

PatientandCase
A57-year-oldfemalewithmultipleco-

morbidities,includingdiabetesmellitus,

obesityandfibromyalgia,presentedto

theofficewithseverepaininbothfeet.

Shewasinitiallytreatedbyherprimary

carephysicianfordiabeticneur opathy

andb yanotherpodiatr ist,whoper-

formedcor tisoneinjections,initiated

physicaltherapy,andprovidedbiome-

chanicalsupport.

Despitethiscare,shedeniedanyim-

provementinherintensityofheelpain

ClinicalCaseReportNo.3:
SevereNeuropathicPainCausedby
TarsalTunnelSyndrome
Apatientwhowassuccessfullytreatedbyspinalcordstimulationafter
tarsaltunneldecompressionfailed.
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andcontinuedtodescr ibeab urning

andtinglingsensationinherfeet.After

ahistoricalreviewandphysicalexami-

nation,theinitialworkingdiagnosisin-

cludedheelspursyndrome,tarsaltunnel

syndrome,anddiabeticneuropathy.

Overthenext5months,conservative

careincludedCAMWalkerimmobiliza-

tion,anodynetr eatments,additional

physicaltherapy,ahome TENSunit,

anxiolytics,nutritionalanddiabeticed-

ucation,andopioids.Despitetheaddi-

tionalinter vention,thepatientw as

unabletoambulateforlongerthan20

minutesatatime .Anerveconduction

studyrevealedseverediabeticperipheral

neuropathywithtarsaltunnelsyndrome

andinfracalcanealnerveentrapment.

Thepatientcontinuedtodescribebi-

lateralfootpain, butherleftfootr e-

mainedmostsymptomatic .Ph ysical

examinationrevealedapositi veTinel’s

sign.Shealsodemonstratedagastr oc-

equinusdeformityandheelpainatthe

insertionoftheplantarfasciawithasso-

ciatedinfracalcanealnervepain.

Sheunderwentsurgicalintervention

totheleftfootincludinggastrocnemius

recession,tarsaltunneldecompression,

andpartialplantarfascietomywithde-

compressionattheinfracalcanealnerve.

Sheinitiallyreportedsignificantpainre-

ductiontotheheelb utcontinuedto

havebilateralpainassociatedwithher

diabeticneuropathyandfibromyalgia.

Herneuropathicpainasw ellasher

leftlower-extremitypainremainedwell

controlledoverthefollowingyear,but

shedevelopedprogressivepaininher

right Achillestendon. Radio graphs

showedalargeretrocalcanealspurtothe

Achillestendonandinser tionalcalcifi-

cationoftheAchillestendon.MRIdid

notrevealateartothetendon. After6

monthsofconservativecare,sheunder-

wentsurgicalinterventionincludinga

gastronemiusr ecession,poster iorcal-

canealspurresection,Achillesdetatch-

ment,debr idementandr eattachment

withscrewandwasher.

Sheprogressedwellaftersurger y,in-

cludingr emovalofherhar dware6

monthsaftersurgery.Ninemonthsafter

thesurgery,shew asdoingwellfroma

post-operativepainstandpoint,butdevel-

opedalossofbalance,possiblyassociated

withherprogressivediabeticneuropathy.

FailedTarsalTunnelSurgery

Figures1and2.Surgicaldecompressionisassociatedwithahighrateofcomplications:Onestudy
reportsthat100%ofpatientsdevelopedpositiveTinel’sandabnormalnervestudiespost-surgery.

Figure1

Figure2
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HerleftfootVASwasoriginallyreported

as10/10,nowa2/10.Therightfootalso

improvedfromtheoriginal8/10to2/10.

Herneuropathicandfibromyalgiapain

remainedunderthecareofherpr imary

carephysician.

Shewasreferredtophysicaltherapy

forherlossofbalanceandunderw ent

gaittherapyandanodynetr eatments.

Severalweeksintothistherapyshepre-

sentedwithburnsonherrightfootand

anklefromtheanodynemachine .She

wastreatedwithlocalwoundcare,and

thewoundshealed.

Thepatientsubsequentlymissedsev-

eralofherscheduledappointmentsfor

personalreasonsandaftera3-month

gap,presentedwithseverefootpain.She

deniedbenefitwithanodynetherap y

andrelatedanexponentialincr easein

theintensityofherpaintobothfeet

aftertheburnfromthetherapy.Clinical

presentationincludedbilateraledema,

anantalgicgaitandlossofbalance.

Uponlower-extremityphysicalexam-

ination,thepatientwasnotedtodemon-

stratepainwithlighttouchtoboth

heels.Shealsodemonstratedlimited

anklejointrangeofmotionduetothe

swellingofherlegs. AvenousDoppler

wasorderedanddidnotdemonstratethe

presenceofadeepvenousthrombosisto

eitherlowerextremity.

NSAIDsandopioidswereprescribed

andadjustmentsweremadetoheranx-

iolyticmedications.Despitethistr eat-

ment,shereturnedwithsevereburning

andtinglinginbothfeet.Herpainwas

reportedtobeworseatnight,limiting

Figure3.Twoweeksafterthetrial,thepatientunderwentimplantationofthedevicewithdualspinalcordstimulatorleads.Twoyearslater,shecontinuesto
usethespinalcordstimulatorandhasbeenabletodiscontinuethemajorityofthepainmedications.

Figure3
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herabilitytosleepforanyduration.

Clinicalexaminationw asnotedto

demonstrateallodyniaandhyperalgesia

tothebilateralheelswithmuscleweak-

nessandperipheraledema.Astrongsus-

picionofchr onicr egionalpain

syndrome(CRPS)w asdocumented,

andthepatientwasreferredtoaninter-

ventionalpainmedicineph ysician.

Uponexaminationofthepatient, the

diagnosisofCRPSwasconfirmed.The

patientfailedmedicalmanagementand

ultimatelywentontor eceiveaspinal

cordstimulator.

Thepatientwasinitiatedonbaclofen

toaddr esslo wer-extremitym uscle

spasmsandceleco xibtoaddr esspain

secondarytoosteoar thritis.Additional

medicalmanagementalsoincludedthe

followinganti-neuropathicmedications:

duloxetine,venlafaxine,gabapentin,and

pregabalin,whichallf ailedtoalleviate

herpain.Opioidswherediscontinued

duetointolerablesideeffects.

Afterfailingconservativetreatment,

thepatientunderw enta5-da yspinal

cordstimulatortr ial.Dur ingthetr ial

thepatientwasabletoambulatewith-

outdifficulty .Shealsor eportedim-

provedsleepanda95%reductioninthe

intensityofherpain. Twoweeksafter

thetrial,thepatientunderwentimplan-

tationofthede vicewithdualspinal

cordstimulatorleads(seeFigure3).

Thepatientcontinuestouseherspinal

cordstimulator2yearsafterimplantation

andhasbeenab letodiscontinueuseof

themajorityofthepainmedications.As

demonstratedinthepatientdescribedin

thiscaser eport,implantab leSCScan

provideasafemodalityforthetreatment

ofchronicpaininthelo werextremity,

andmaybeanoptionthatisunder used

bythepodiatricprofession.■
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