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MaterialandMethods: Thisisaprospectivestudyofl2patientswithdiaphy
sealfractureoftibiaorfemurwithsignsofinfectionwhoweretreatedusinganti
bioticcementednailing.Patientswerefollowedupmonthlyfor3months.Infe
ctioncontrolwasevaluatedintermsofclinical,haematologicalandmicrobiol
ogicalparameters.

Results: Atthetimeofpresentation11outofl2patientshadpusdischarge,whi
lelocalriseoftemperaturewasthereinallpatients.Mostcommonorganismth
atwasisolatedincultureswasStaphylococcusaureus.ESRandCRPwaselev
atedin9patients.At3monthsfollowupvisit,9outofl2patientsresolvedallsig
nsofinfectionwhilelhadpersistentpositiveculturereports. ESRandCRPwa
sraisedin3and2patientsrespectively.

Conclusion: Antibioticcementednailingdeliversahighconcentrationofant
ibioticsatthelocalsitewithoutcausinganysystemictoxicityalongwithprovi
dingstabilityatthefracturesite,therebyconvertingatwo-
stageprocedureintoasinglestageprocedurewhichalsoavoidscomplications
ofexternalfixatorhavingbetterpatientcompliance.
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Introduction:-

Non-
unioninthepresenceofinfectionpresentswiththedualproblemsofcontrollinginfectionandprovidingstability.VVariousfacto
rscontributetoinfectednon-
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union, includingopenfractures, infectionafterinternalfixation, *'chronicosteomyelitiswithpathologicalfractures, andsurgi
caldebridementofinfectedbone. Traditionally,thetreatmentstrategyconsistedofsurgicaldebridementwithlocalandsystem
icantibioticdeliveryandthenasecondprocedureforstability,generallyeitherinternalorexternalfixation.ltbecomesdifficult
todealwhentheimplantusedforinternalfixationitselfbecomesapotentialmediaforinfectionbecauseofbacterialadhesionan
dbiofilmformation.®Specialreconstructiveproceduresandsofttissueproceduresmightalsobenecessary. 2

Mostoftheorthopaedictraumainfectionsarecausedbybiofilm-

formingbacteria®®. Biofilmconsistsofhydratedmatrixofpolysaccharideandprotein.Onceformed, itprotectsthemicroorgan
ismfromantimicrobials,opsonization,andphagocytosis, thuscontributingtothechronicityofinfections!®. Inordertocurebio
film-
relatedinfection,fourprinciplesformulatedbyCiernyandMadermustbeobserved:(1)completesurgicaldebridementwithde
adspacemanagement,(2)fracture/non-

unionstabilization, (3)softtissuecoverage,and(4)adequateantibioticlevels!”). Localantibiotictherapyisausefultechniqueth
atresultsinhighlocalconcentrationsofantibioticswithminimalsystemiclevels. B Thismethodintheformofantibioticimpreg
natedpolymethylmethacrylate(PMMA)beadsisusedinthetreatmentofosteomyelitisandopenfractures. “*JAlthoughthiste
chniquepromotescontrolofinfection,anadditionalprocedureisrequiredforremovalofthebeads. Withthegoalofavoidingm
orethanlprocedureinthesepatients,wepresentoursingle-
proceduretechniqueoftreatmentwithaKnailcoatedwithantibiotic-
impregnatedbonecement,whichcombineslocalantibioticdeliverywithstableinternalfixation.

Theuseofanantibioticimpreg natedcementcoatedlMnailingforinfectednon-unionoftibiaandfemurfractureshasbeenwell-
documentedintheliterature®

1] Thecementnailprovidesstabilityacrossthefracturesite, unlikecementbeadsandosseousstabilityisimportantinthemana
gementofaninfectednon-

uniont***®! Secondly,antibioticcementallowshigherconcentrationatthelocalsitethanwhichisachievablebysystemicantib
ioticsandisassociatedwithfewersideeffects. Antibioticcementhasbeenshowntoeluteantibioticatthelocalsiteforupto36we
eksthusprovidingatherapeuticeffectonrefractoryinfection***4,

Antibioticsusedforthispurposeshouldhavespecialpropertiessuchasbroadspectrumofactivity,heatstability,andlowallerg

enicity.Gentamicinhasbeenthemostwidelyusedantibioticfollowedbyvancomycinandteicoplanin™" Inourstudy,weus

edvancomycinasithasthedesiredproperties. Thepurposeofourstudywastoevaluatetheoutcomeofantibioticimpregnatedce
mentcoatedintramedullarynailinginthemanagementofinfectioncontrolandbonyunion.

Material and Methods:-
Thisisaprospectivestudyofl2patients(11males,1female)agedbetween20to57yearswithdiaphysealfractureoftibiaorfem
urwithsignsofinfection,whoweretreatedusingantibioticimpregnatedcementcoatedintramedullarynailingfromJanuary?2
021toJanuary2023.Patientswhowereallergictovancomycinwereexcludedfromthestudy.Patientswereevaluatedintermso
fclinical,haematologicalandmicrobiologicalparametersviz,presenceofpusdischarge, localriseoftemperature,leucocytos
is,ESR,CRPandculture/sensitivity. Afterthoroughpre-
operativeevaluation,informedconsentwastakenforsurgery. T hefirststepincasespreviouslyoperatedinvolvedremovalofth
eimplant,whichwasfollowedbydebridementoftheboneandsofttissuesandirrigationwithcopiouslavage. Thiswasfollowed
byinsertionoftheantibioticimpregnatedcementcoatedintramedullarynailintheadequatelyreamedintramedullarycanal.

Post-
operatively,thewoundwasinspectedafter48hoursintervalandthepatientwasadministeredintravenousantibioticsaspercult
ureandsensitivityreportsfor2weeks. Thepatientwouldthenbedischargedonoralantibioticsforatimeperioddependingonin
dividualpatientcharacteristic,conditionofthewoundandtheorganisminvolved.

Patientswerefollowedbyfor3monthsandthenatthefinalfollowupandwereevaluatedintermsofinfectioncontrolwiththehel
pofclinical,haematologicalandmicrobiologicalparameters.

Surgicaltechnique

Thesurgicaltechniqueinvolvesaseriesofsteps,eachofwhichiscriticalforsuccessfulresults. Thefirststepiscarefulpreoperati
veevaluationofcultureandsensitivityresultsandradiographs. APandlateralviewradiographsoftheinvolvedboneareobtain
ed,andthepreoperativemeasurementsofthelengthanddiameteroftheKnailarecalculatedbyusingtheseradiographs.Forthef
emur,thedistancefromthepyriformisfossatolcmproximaltothetopoftheintercondylarnotchisusedasthelengthofthenail.F
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orthetibia,thelengthofthenailisfromtheproximaltibialarticularsurfacetolcmproximaltotheankleplafond. Thesecondstep
involvesthoroughdebridementoftheinfectedboneandsofttissuesandthencopiouslavage. Allthenonviableandinfectedtiss
ues,includingskin,softtissues,andbone,undergodebridementuntilbleedingviabletissueispresentattheresectionmargins(t
hePaprikasigninthecaseofbone).Inadequatedebridementleavesnonviableorinfectedtissuesecludedfromthemicrocircula
tion,resultinginrecurrenceofinfectiondespitelocalandsystemicantibioticdelivery. Thisinturnfacilitatesbiofilmformation
,whichprotectsthepathogensfromantibioticsandhostdefencemechanisms.1Specimensareobtainedofthebone,softtissues
,andanypurulentmaterialpresentandaresentforaerobicandanaerobiccultures.

Thethirdstepisthepreparationoftheantibioticcementcoatedintramedullary(IM)Knailundersterileconditionsintheoperati
ngroom.Whileateamofsurgeonsperformdebridementoftheinfectednon-
unionsite,anothersurgeonpreparesthenailonaseparatesteriletable. Commerciallyavailableknailsareused. AntibioticCem
entispreparedbymixing4gramsofvancomycinpowderwith40gramsofbonecement. ThePalacoscementismixedinastandar
dfashion,byhandmixinginabowl.Whenthecementisnolongerstickytothegloves,thecementisappliedtoknailwithaunifor
mmantleoflmmandthegrooveisalsofilledwiththeantibioticcementleavingtheeyeoftheknailtofacilitateeasyremovalofkn
ailinfuture. Thenailisreadytobeinsertedwhenthecementsetsusuallyin10to12minutes.

ThefinalstepsinthistechniqueinvolvepreparationofthelMcanalandinsertionoftheantibioticcement-

coatednail. ReamingofthelMcanalisperformedtolmmmorethanthediameteroftheantibioticcement-
coatednail.Onemillimetreofcementmantlecoatingisprovidedaroundthenail;thefinaldiameteroftheantibioticcement-
coatednailistherefore2mmmorethanthelMnailitself. Thesurgicalteammemberswhohavecompletedthedebridementchan
getheirgownsandgloves. Thelimbisagainpreparedanddraped. Theantibioticcement-
coatedIMnailismountedontheinsertionjigandisinsertedinthestandardfashion.Insertionofthisnailproceedssimilarlytotha
tofanunreamedIMnail,exceptthattheguidewireusedduringreamingisremovedbeforeinsertionofthenailascementocclude
sthecannulatedportionofthenail.Becausethenon-

unionsiteisexposedduringthedebridementprocess,thel Mnailcanbeinsertedthroughtheentirelengthoftheboneandacrosst
hesiteofnon-
unionbyusingacombinationofdirectvisualinspection,palpation,andfluoroscopicradiographicguidance.‘Cement-
naildebonding”’(separationo fthecementfromtheIMnail)canoccurduringinsertionofantibioticcement-
coatedIMnailwhichcanbepreventedbyadequateover-

reamingofthecanal. However,whenthisdoesoccur,thedebondedcementisremovedandanewantibioticcementcoatednailis
preparedandused.

Exchangenailing,ifnecessary,isdonewithoutanantibioticcoating(generallytoalargernailforadditionalstability)iftheinfec
tednon-unionhasbeenconvertedtoanon-unionwithoutinfection. Ifthereisnoinfectionandunionhasoccurred,theantibiotic-
coatedknailcanberemoved.Ifbothinfectionandnon-unionpersist,thelMnailisexchangedforanotherantibioticcement-
coatedIMnail,generally6to8weeksaftertheindexsurgery.

Results:-
Antibioticcement-coatedknailswereusedduringaperiodof2years(January2021toJanuary2023)inl12casesofinfectednon-
unions,chronicosteomyelitis(withbonedefectsafterdebridement)andprimarycompoundfractures.Outofl2patients,11we
remaleswhilelwasafemale.Themeanagewas32.4yearswithyoungestpatientbeing20yearsofageandoldestbeing57yearso
fage.Outofl2patients,6patientspresentedwithinfectednon-
unionoffractures,4presentedwithchronicosteomyelitisand2presentedwithprimarycompoundfractures. Tibiawasinvolve
din7patientsandfemurwasinvolvedin5patients.Onlylofallthepatientswithchronicosteomyelitisoffemurhadcomorbidity
whichwasanoldpartiallyrecovereddiffuseaxonalinjurywithparaphasia.

Tablel:- Gender.

91.66
8.33
100

Table2:Age
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7
2.41+10.24

5
3

Table3:- Diagnosis.

50
33.33
16.66
100

Table4:- LongBonelnvolved.

41.66
58.33
2 100

11loutofl2patientshadpusdischargeatthetimeofpresentationwhilelhadcompoundfractureofshaftoftibia. Localriseoftem
peraturewasthereinallpatientsatthetimeofpresentation.PreoperativeorganismwasMRS Ain2patients,staphaureusin3,ent
erococcusinl,klebsiellapneumoniain2andnoorganismswereisolatedin4cases. Leucocytosiswasseenin3patientswhileES
RandCRPwaselevatedin9patients.

Table5:- OrganismisolatedinPusCulture.

16.66
25
8.33
16.66
33.33

2 100
Duringlmonthfollowup,4patientsstillhadpusdischarge,5hadpersistentlocalriseoftemperaturealongwithpositivepuscult
urereportsamongstwhichlwithcompoundsegmentalfractureofshaftoftibiaandfibularightwithboneloss,whoinitiallydidn
othavegrowthinpusculturesdevelopedgrowthofpseudomonasaeruginosa.Noneofthepatientshadleucocytosis.ESRwasra
isedin8patientswiththemeanbeing24+13.29. CRPwasraisedin4patientswithmeanbeing9.31+16.04.

During2monthsfollowup,2patientshadpersistentpusdischarge,whohadgrosscontaminationofthecompoundwoundanda
notheronewithchronicosteomyelitisoffemur. These2patientsalsohadpersistentlocalriseoftemperature.Onepatientdevelo
pedlocalwarmthandabscessoverdistalaspectoflegandincisionanddrainagewasdoneandculturesshowedgrowthofklebsie
llapneumonia.Patientwithpathologicalfractureoffemurduetochronicosteomyelitisalsohadpersistentpositivepuscultures
showinggrowthofMRSA.Noneofthepatienthadleucocytosis.ESRwasraisedin6patientswithmeanbeing34.42+21.57.CR
Pwasraisedin2patientswithmeanbeing26.55+95.

During3monthsfollowupvisit,onlylpatientwithpathologicalfracturewithchronicosteomyelitisoffemurhadpersistentpus
dischargealongwithpersistentlocalriseoftemperatureandpositivepuscultures.Noneofthepatientshadleucocytosis. ESRw
asraisedin3patientswithmeanbeing19.66+14.97.CRPwasraisedin2patientswithmeanbeing4.21+3.97. Timetounionwas
2monthsin3patients,3monthsin2patients,4monthsinlpatient,6monthsinlpatientand2patientsalreadyhadmalunionatthet
imeofpresentation. Amongst2patients, lwithoperatedcaseofcompoundfractureofshaftofrighttibiaandfibulawithtibiainte
rlocknailin-situhadpusdischargewithnon-
unionwhileanotheronewithoperatedcaseofcompoundfractureofshaftofrightfemurwithexternalfixatorinsituhadpusdisch
argewithnon-
union,antibioticimpregnatedcementedKnailwasremovedandllizarovringfixatorwasappliedduetointractableinfection. A
patientwhopresentedwithcompoundsegmentalfractureofshaftofrighttibiaandfibulawithboneloss,Masquelettechniquew
asdoneduetodevascularisedmiddlefragment.
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Exchangenailingwithremovalofknailwasdonein9patientswhenalltheclinicalandlaboratoryparametersbecamenormalfo
r2consecutivefollowupwithinlmonthinterval. 1patientdevelopedabscessoverdistallegduringthe2monthfollowupperiod
whichwasthenmanagedwithincisionanddrainage.

Table6:- Clinic-Laboratoryparameters.

Number Number % Number % Number %

11 91.66 4 33.33 2 16.66 1 8.33
12 100 5 41.66 3 25 1 8.33
8 66.66 5 41.66 2 16.66 1 8.33
3 25 0 0 0 0 0 0

9 75 8 66.66 6 50 3 25

9 75 4 33.33 2 16.66 2 16.66

Figure 2:- Intra Operative Image Showing Pus.
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Figure 4:- 1.5 Months Follow Up.

1426



ISSN: 2320-5407 Int. J. Adv. Res. 11(03), 1421-1428

Figure 6:- 5 Months Follow Up X-ray.

Discussion:-

Thetreatmentofinfectednon-
union,pathologicalfracturesduetoosteomyelitisandcompoundfractureswithgrosscontaminationrequiresprocedurestoco
ntroltheinfectionandtoprovidestabilityinordertoachieveunion. Thereisnosingleuniversallyacceptedmodalityoftreatmen
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tpresentlyavailableforthemanagementoftheseconditions. Traditionally,theseconditionshavebeenmanagedusingtwo-
stepproceduretocontroltheinfectionfirstandsubsequentlytotreatthenon-union.

Antibioticcementimpregnatednailsdeliverahighconcentrationofantibioticsatthelocalsitewithoutcausinganysystemicto
xicityalongwithprovidingstabilityatthefracturesite,therebyconvertingatwo-
stageprocedureintoasinglestageprocedure.Antibioticcementnailsalsohelpavoidcomplicationslikepinsiteinfections, join
tstiffness,musclecontracturesasthepatientcanbemobilizedearly. InfollowingtheinitialreportbyPaleyandHerzenberg®in
2002,manyresearchershaveproducedgoodresultsusingthisprocedureforthetreatmentofinfectednon-
union.PaleyandHerzenbergstudiedasmallsampleofninecasesandreportedinfectioncontrolinallthecases. ThonseandCon
way"%in2007publishedastudywithalargesamplesizeof52patientsandreportedinfectioncontrolin85%ofthepatients.Qian
getal®reportedinfectioncontrolledin170f18(94.4%)cases. Inourstudy, infectionwascompletelyeradicatedinoutof12cas
es(75%).Similarresultssuggestthatantibioticcementimpregnatednailingisdefinitelyagoodmeantoeradicateinfection.

Conclusion:-
Antibioticcementimpregnatednailingisasimple,economical,andeffectivesinglestageprocedureforthemanagementofinf
ectednon-

union,pathologicalfracturesduetoosteomyelitisandcompoundfractureswithgrosscontamination. Itisadvantageousovere
xternalfixators,asiteliminatesthecomplicationsofexternalfixatorsandhasgoodpatientcompliance. Themethodutilizesexi
stingeasilyavailableinstrumentationandmaterialsandistechnicallylessdemanding,andthereforecanbeperformedatanyge
neralorthopaediccentre.
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