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TreaTmenT

Inpolytraumapatients,thechoiceofthetherapeuticprocedure
dependsprimarilyontheirgeneralconditionand,afterthat,on
thefracturepattern,fragmentdisplacement,concomitantin-
juriestotheshouldergirdle,includinginjuriestothebrachial
plexus,andtheconditionofthesofttissues.Inpatientswith
apredominantinjurytothescapula,themethodoftreatment
isdecidedbythefracturepatternandthepatient’sfunctional
demands,aswellastheirage.However,ahigherageisnot
alwaysalimitingfactor,eveninpolytraumapatients,aswas
shownbyColeetal.[6,7].

non-operaTive TreaTmenT

Undisplaced,orminimallydisplaced,complexscapularfrac-
turessuitablefornon-operativetreatmentarerare.Inourse-
ries,weencounteredonlytwosuchcasesofanintraarticular
fracture.Wealsousenon-operativetreatmentinalldisplaced
fractureswherethepatient’sgeneralconditionandprognosis,
ortheconditionofsofttissues,excludeoperativetreatment.

operaTive TreaTmenT

Operationisindicatedindisplacedfractures,especiallythe
intraarticularones,aprerequisitebeingaphysicallyactivepa-
tientinwhomcooperationandanadequatefunctionalresult
maybeexpected.Inapolytraumasetting,allmoreseverein-
juries(pelvis,femur,chest,etc.)mustbeaddressedasafirst
step.Scapularfracturesarecommonlytreatedonthesecond,
orthird,weekfollowingtheinjury.Inanycaseithastobe
takenintoaccountthattheoperationmaylast3to4hoursand
thepatientisallthetimeinasemiprone,orprone,position.

Surgical approach:Complexfracturesrequireanexten-
siveJudetapproachwithmobilizationofthedeltoidmuscle
and the infraspinatus.During theexposure, it isnecessary

also tohave inmind injuries to thesuprascapularnerve in
thespinoglenoidnotch.ACdislocationispreferablymanaged
fromtheextendedJudetapproach[1].

Operative technique:Thefirststepconsistsinacareful
removaloftheearlycallus,especiallyiftheoperationisper-
formedseveralweeksafter the injury,andidentificationof
individualfragments.Thefracturesurfacesarecleanedand
reduced.ReductiontechniqueshavebeendescribedinChapter
11.ThetechniqueofalostK-wirehasprovensuccessfulfor
themaintenanceoftemporaryreduction,especiallyinfrac-
turesofbothpillars[2](Fig. 16-8).Internalfixationisusually
performedusing2.7-mmimplants.

Inanintraarticularfracture,thefirststepisreconstruction
oftheglenoidfossa.Thisoftenalsocontributestoreconnect-
ionofthemainarticularfragmentstothescapularbody.If
thisisnotthecase,wehavetoreattachthereconstructedfos-
sagraduallytobothpillars.Subsequently,reconstructionis
accomplishedfirstofthelateralandthenofthespinalpillar,
includingthelateralscapularspine.

Fig. 16-7 Images of a complex extraarticular fracture of the scapula: a) 3D CT reconstruction without subtraction of the surrounding bones; b) semitransparent 
3D CT reconstruction; c) subtraction of the surrounding bones.

a b c

Fig. 16-8 The technique of a lost K-wire (red arrows) used to reconstruct both 
pillars of the scapula in a fracture shown in Fig. 16-7.
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Inanextraarticularfracture,thelateralpillarisreconstruct-
edfirst,followedbythespinalpillar.Onlyexceptionallymay
itneedtobedonetheotherwayround.Sometimesitisneces-
sary,afterreconstructionofthepillars,toincreasethestability
ofinternalfixationwithaspanningplate(Fig. 16-9).

Afterinternalfixationoftheglenoidandbothpillars,we
checkthesituationintheregionofthespinomedialangle,
themedialborderand the inferiorangle.Minor fragment
displacement,orinstability,(lessthan5mm)causedbythe
motionintheglenohumeraljointdoesnotrequireinternal
fixation. Greater instability, or angulation, is addressed
byreductionandinternalfixationwiththeuseof2.7-mm
plates.Tolerableisalsoangulationoftheinferiorangleof
thescapulaupto15degrees.

Anavulsedcoracoidcanbeleftwithoutinternalfixation,
likesurgicalneckfractureswithosseousinstability.Incom-
plexfractures,thecoracoidligamentsarepreservedandpre-
ventanygreatdisplacementoftheprocess.Displacementis
usuallyconsiderablyreducedfollowingtheinternalfixationof
thescapularbodyandglenoid,andtheseparatedcoracoidis
allowedtohealwithoutdirectfixation.Aclavicularfracture,or
ACdislocation,ifpresent,istreatedonlyafterreconstruction
ofthescapula.

Postoperative care:Theprotocolisthesameasinother
fractures.Passivemobilizationmaybecommencedimmedi-
atelyafteroperation,whilespecialattentionhastobepaidto
contusionofsofttissues,andhealingofthewound,checked
regularlyforapotentialdevelopmentofhematoma.

auTHorS’ own SerieS

Inourseriesof519scapularfractures,weidentified18(3%)
complexfractures,including6extraarticularand12intraarti-
cularones.Thecohortcomprised15menand2women,with
ameanageof43years(range,25-70).Oneofthepolytrau-
mapatientssustainedcomplexintraarticularfracturesofboth
scapulae.Anotherpolytraumapatientalsosustainedbilateral
scapularfractures,butonlyontherightsidewasitacomplex
intraarticularfracture.Werecorded2openfracturesandonly
2patientswereolderthan60years.

Atourinstitution,weprovidedprimarytreatmentto9pa-
tients,4patientswerereferredfromotherinstitutionstoour
departmentforoperativetreatmentafterstabilizationoftheir
generalcondition,and4patientsweremerelyadvisedbyus.
ThebasiccharacteristicsareshowninTable 16-1.Adetailed
analysisof thiscohort,notpublished todate,has revealed
anumberofinterestingfindings.

mecHaniSm oF injury and aSSociaTed 
injurieS

Allcaseswerehigh-energyinjuries;8patientswith9fractures
wereclassifiedaspolytrauma.Thecausein5cases(6frac-
tures)wasa fall fromamotorcycle, in5casesa fall from
aheight(fromatree,staircase, ladder), in5casesatraffic
accident,in1casecollisionofapedestrianwithatruckandin
1caseafallwhilstskiing.Twoof8polytraumapatientssus-
tainedopenfractures,oneduringatrafficaccidentandanother
inafallfromamotorcycle.

Injuries to the ribs:Theincidenceofribfractureswasin-
terestingfromtheviewpointofthemechanismofinjury.Such
fracturesweresustainedby9of17patients.In2casesthey
wereassociatedwithinjurytothelung.Inthe8polytrauma
patients(9fractures),aribfractureoccurredinonly5cases.
Absenceof rib fractures inalmosthalfof thesepatients is
somewhatsurprisinginviewofthehigh-energyinjurymecha-
nism.Itmaybeexplainedbythefactthattheblowimpacted
thescapuladirectly,ratherthanotherpartsofthechest.

Fx type N M/F R/L Cla-S AC PH OP BP

Extra- 6 6/0 4/2 1 0 1 2 1

Intra- 12 9/2 7/5 0 2 0 7 1

Total 18 15/2 11/7 1 2 1 9 2

Table 16-1 Basic characteristics of the series of complex scapular fractures. 
AC – AC dislocation, BP –brachial plexus injury, Cla-S – clavicular shaft frac-
ture, Extra – extraarticular, Fx – fracture, Intra – intraarticular, OP – number 
of operatively treated patients, M/F – males/females, PH – proximal humerus 
fractures, R/L – right/left side.

Fig. 16-9 A spanning plate connecting the two pillars in the fracture shown in Fig. 16-4b: a) intraoperative radiograph; b+c) postoperative CT reconstructions.

a b c
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17
aSSociaTed injurieS To THe SHoulder  
girdle and THe proximal HumeruS

Theshouldergirdleisformed,inadditiontothescapula,by
thesternoclavicular(SC)joint,theclavicleandtheacromio-
clavicular(AC)joint.Anyofthesestructuresmaybeinjured
simultaneouslywiththescapula.Boththemechanismandfre-
quencyoftheseinjuriesvary[41,46].Thehighestincidence
isofclavicularfractures,followedbyACdislocations;dislo-
cationsoftheSCjointarerare[5,41,46].

Theseinjuriesarerelativelyoftendiscussedinthecontext
ofscapularfractures,butonlyatagenerallevel;nodetailed
analysisinthisrespecthashithertobeenpublishedinthelite-
rature.Inourview,itisnecessarytoincludealsofracturesof
theproximalhumerusinthischapter,astheymayseriously
complicateinjuriestothescapula.

STernoclavicular joinT diSlocaTion

Sternoclavicular(SC)jointdislocationoccursquiterarelyin
connectionwithscapularfractures.Armstrongetal.[5]re-
ported2(3.2%)casesinaseriesof62patients,butwithout
furtherdetails.Anexceptionisseveralcasesofscapulothora-
cicdissociation(STD)inwhichadistractioninjuryoftheSC
jointwasdescribed[22,25,48,52].Aswehavefoundnoother
informationaboutinjuriestotheSCjointassociatedwithsca-
pularfracturesintheliterature,wehavebasedthefollowing
descriptionprimarilyonourownexperience.

paTHoanaTomy and mecHaniSm  
oF THe injury

There are two different mechanisms of injuries to the SC
joint.Thefirstofthemisacompressionmechanismcaused
byablowtotheposterolateralsurfaceoftheshoulderjoint,
when the forceactingon theSC joint is transmittedalong
the longaxisof theclavicle.Thismechanism issimilar to
thatindislocationoftheclavicle[42].Theresultingscapular
fracturesincludeafractureoftheacromion,orofthescapular
spine,andarefollowedbysubluxation,ordislocation,ofthe
sternalendoftheclavicle.Anotherpossibility,typicalofSTD,
isatractionmechanismwhichcausesdistensionoftheSC
jointstructures.

diagnoSiS

Visualinspectionmayrevealaswelling,ordeformity,oftheSC
joint,sometimesalsoanabrasionintheregionoftheacromi-
onandscapularspine.Palpationconfirmsmarkedtenderness
aroundthejugularfossaandtheSCjoint,andalso,incertain
cases,instabilityofthemedialendoftheclavicle.Therange

Fig. 17-1 Fracture of the right acromion associated with AC dislocation (blue 
arrows) and anterior SC dislocation on the same side (red arrows).

Fig. 17-2 CT scan from the case shown in Fig. 17-1: a) SC dislocation visible in 
CT horizontal section; b) fracture of the acromial angle and posterior AC dislocation 
(type IV) visible in CT horizontal section; c) 3D CT reconstruction of a fracture of 
the acromial angle, posterior AC dislocation and anterior SC dislocation; d) 3D CT 
reconstruction of a fracture of the acromial angle and posterior AC dislocation.

a

c
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d
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ofmotionoftheshoulderislimitedbypain.Radiographofthe
shouldergirdlecapturingalsothecontralateralSCjointmay
showasymmetryofthepositionofthesternalendsofbothcla-
vicles(Fig. 17-1).Astheradiographisnotalwaysconclusive,
CTexamination,including3Dreconstructionsshowingboth
SCjoints,ispreferableinanycaseofasuspectedSCjoint
injury(Fig. 17-2).

TreaTmenT

Themethodof treatmentdependsonthepatient’sgeneral
conditionandthetypeofscapularinjury.Inmostcasesthe

procedureissimilartothatusedinisolatedinjuriesofthe
SCjoint.

Asthefirststep,weperformclosedreduction,which,if
successfulandstable,isfollowedbynon-operativetreatment,
i.e.,immobilizationoftheextremityfor6weeks,withsubse-
quentcarefulrehabilitation.

If the closed reduction fails, or is unstable, operative
treatmentmustbeconsidered.Ashortlongitudinalincision
ismadetorevisetheSCjointstructures,reducethemedial
endoftheclavicleandtosecurethepositionbyfixationofthe
capsulewithtransosseoussutures,orboneanchors(Fig. 17-3).
Postoperatively,theextremityisimmobilizedfor6weeks.

Fig. 17-3 The case shown in Fig. 17-1, postoperative 3D CT reconstruction, with a clearly visible reduction of the SC joint.

Fig. 17-4 Incomplete fracture of the spinal pillar associated with anterior SC dislocation on the left side anteriorly and distally.
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auTHorS’ own SerieS

Werecordedatotalof3casesofSCdislocation.In2patients
itwascausedbyablowtotheposterolateralsurfaceofthe
shoulderjoint,in1femalepatientitwasatractioninjuryas-
sociatedwithSTD.

Thefirstpatientsustainedaconcomitantdisplacedfracture
of theacromionandACdislocationofRockwoodtypeIV.
CTexaminationrevealedanteriordislocationoftheSCjoint
(Fig. 17-2).Theprocedureincludedinternalfixationoftheacro-
mion,transfixationoftheACjointbyK-wiresandrevisionof
theSCjointfromaseparateapproachwithsofttissuerepair
usingtransosseoussutures.Subsequently,theextremitywas
immobilizedfor6weeks.CTexaminationat3-monthfollow-
-upshowedananatomicalpositionintheSCjoint(Fig. 17-3).
Currently,thepatienthasnoresidualproblems.

Inthesecondpatienttheimpactresultedinafissureofthe
centralpartofthescapularspine.Themedialendofthecla-
viclewassubluxateddistallyandslightlyanteriorly(Fig. 17-4).
Thiswasasomewhatatypicalfinding,asanteriordislocation
isusuallyassociatedwithaproximaldisplacement.Thepa-

tientwastreatedwithopenreductionandreconstructionof
thearticular capsulewith transosseous suturing (Fig. 17-5).
Immobilizationwasmaintainedfor6weeks,thenfollowed
byrehabilitation.Oneyearaftertheoperation,thepatientwas
satisfiedwiththeoutcome.

Thethird,afemalepatient,wasinvolvedinacaraccident
andsustainedSTD,includingdistractionoftheSCjointand
an injury to the brachial plexus. CT examination revealed
avisiblewideningoftheSCjointspace,butnosubluxation,
ordislocation.Duetothepatient’sgeneralcondition,STD
wastreatednon-operatively.Thefunctionaloutcome1year
postoperativelywaspoor(seeChapter22).

acromioclavicular diSlocaTion

The incidence ofAC dislocation associated with scapular
fracturesisreportedtobebetween3%and6%[1,5,39].Gurtl
[26]discussedacaseofACdislocationassociatedwithaco-
racoidfractureasearlyasin1864.Thefirstsizeablestudyof
thesameinjurywaspublishedbyEhalt[23]in1934.Since

Fig. 17-5 The case shown in Fig. 17-4 on CT: a) preoperative radiograph (arrows show the position of the sternal 
end of the clavicle; b) postoperative CT; c) postoperative 3D CT reconstruction.
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Fig. 17-6 Osseous extraarticular AC instability associated with a coracoid base fracture: a) 3D CT reconstruction; b) radiograph.

a b

Fig. 17-9 Combined AC instability in a fracture of the superior glenoid associated with rupture of the coracoclavi-
cular ligament on 3D CT reconstructions. From the archives of J. Letocha, MD.

Fig. 17-7 Osseous intraarticular AC instability in a complex intraarticular sca-
pular fracture.

Fig. 17-8 Ligamentous instability of AC joint in a three-
-part infraspinous fracture of the scapular body.
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then,numerouscasesofACdislocationcombinedwithsca-
pularfractureshavebeendescribedintheformofcasereports
[2,6,15,16,19,21,31,34,54,59,61].

paTHoanaTomy and mecHaniSm oF THe injury

AC dislocation in scapular fractures occurs in two basic
variants,dependingonthetypeofinjurytothecoracoclavi-
culararticulation.

Thefirst“osseous”variantischaracterizedbyanintactco-
racoclavicularligamentandextraarticular(Fig. 17-6),orintra-
articular(Fig. 17-7)separationofthecoracoidbase(primarily
fracturesofthesuperiorglenoid).

Intheother,“ligamentous”, variant,thecoracoclavicular
ligamentisrupturedandthecoracoidremainsintact(Fig. 17-8).
Rarely,thetwovariantsmaycombine(Fig. 17-9)[59,61].

ACdislocationoftenoccursinfracturesoftheprocesses,
mainlyinfracturesofthecoracoidbase,lessofteninfractures
oftheacromion/lateralspine.Inscapularbodyfracturesandin
glenoidfractures(withtheexceptionofthesuperiorglenoid)it
isinfrequent[10,12,13].WehavenevernotedACdislocation
associatedwithascapularneckfracture[10].

ACdislocationismostlyofRockwoodtypeIIIandIV[44],
typeVbeinglessfrequent,andtypeVIhasneverbeenreported

inassociationwithascapularfracture(Fig. 17-10).Weencoun-
teredaspecificinjurytotheACjointinacaseofSTD,i.e.,
distractionalone,withoutproximaldisplacementoftheclavicle.

ACdislocationusuallyresultsfrommedium-energyvio-
lencefollowingafallfromabicycle,oramotorbike,lessoften
fromhigh-energyimpactduringaserioustrafficaccident,or
afallfromaheight.Ruptureofthecoracoclavicularligament,
orseparationofthecoracoid,maybecausedalsobyadirect
blowtothesuperiorsurfaceoftheshoulderjoint,orimpactof
aproximallydisplacedhumeralhead.

diagnoSiS

AC joint injuries of types III andV are relatively easy to
diagnose.Theyaretypicallyassociatedwithabrasionofthe
shoulder,prominenceofthelateralclavicleandtendernesson
palpationoftheACjoint.Radiographusuallyshowsaclearly
visibledisplacement.TypeIVinjuriesaresometimesmore
difficulttodiagnoseastheprominenceofthelateralclavicle
isabsentduringclinicalexamination,which,however,may
revealitsanteroposteriorinstability.AnACjointinjurymay
besuggestedonaradiographbywideningofthejointspace.
Allthreetypes,i.e.,II,IVandV,arereadilyidentifiableon
3DCTreconstructions(Fig. 17-10).

Fig. 17-10 AC dislocation types on radiographs and 3D CT reconstructions: a) type III; b) type IV; c) type V.

a b c

a’ b’ c’
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ACdislocationwasmostfrequentlycombinedwithfrac-
turesoftheprocesses(14cases);nocaseofACdislocation
wasrecordedinfracturesofthescapularneck.

TherelativeincidenceofACdislocationinindividualtypes
andsubtypesofscapularfracturesisshowninTable 17-2.

Type of injury to the coracoclavicular junction: Rupture
ofthecoracoclavicularligamentwasidentifiedin7cases,caus-
ingligamentousinstability,combinedwithafractureoftheac-
romion,orthelateralspine,in4cases,afractureofthescapular
bodyin2casesandafractureoftheinferiorglenoidin1case.

In11cases,thecoracoclavicularligamentremainedintact;
however,separationofthecoracoid,orthesuperiorglenoid,
resultedinosseousinstability:therewere7casesofanisolated
extraarticularfractureofthecoracoidbase,1caseofacom-
minutedfractureofthecoracoidassociatedwithafractureof
thelateralspine,and1caseofacombinationofafractureof
thesuperiorglenoidandtheacromion.In2complexintraar-
ticularfracturesACinstabilitywascausedbyseparationofthe
superiorglenoid.

In2casesthereoccurredcombinedosseous-ligamentous
instability,including1caseofruptureofthecoracoclavicular
ligamentandfractureofthesuperiorglenoid,and1caseof
ruptureofthecoracoclavicularligamentandfractureofthe
coracoidbase,aspartofSTD.

Overall,ruptureofthecoracoclavicularligamentoccurred
in9cases,separationofthecoracoidin9casesandfracture
ofthesuperiorglenoidin4cases.

Types of AC dislocation: RockwoodtypeIIIwasrecorded
in12cases,typeIVin5cases(including1casecombined
alsowithdislocationoftheSCjoint),typeVin2cases;andin
1caseofSTDthereoccurredonlydistractionoftheACjoint.

TypeIIIwasassociatedwithafractureofthecoracoidbasein
5cases,withascapularbodyfracturein2cases,withacomplex
intraarticularfracturein2cases,withacomminutedfractureof
thecoracoidandthelateralspinein1case,withafractureof
theinferiorglenoidin1caseandwithafractureofthesuperior
glenoidandacromionin1case.

Type IV was recorded in 4 cases in combination with
afractureoftheacromion,orthelateralspine,andin1casein
associationwithafractureofthecoracoidbase.

TypeVwasidentifiedin1caseofafractureofthecoracoid
baseandin1caseofafractureofthesuperiorglenoid,with
aconcomitantruptureofthecoracoclavicularligament.

Treatment

Wetreatedoperatively11casesofACdislocation.In4cases
combinedwithafractureofthecoracoid,onlytheACjoint
wastreated.In7casesalsootherinjuriestothescapula,in
additiontothoseoftheACjoint,wereaddressed,including
onecaseeachofacomplexintraarticularfracture,asuperior
glenoidfracture,aninferiorglenoidfracture,aninfraspinous
fractureofthescapularbody,afractureofthecoracoidbase,
afractureoftheacromionandafractureofthelateralspine.
Allinjurieshealedwithoutcomplications,withaverygood
functionalresult.

clavicular FracTureS

Clavicularfracturesareoftenassociatedwithscapularfractu-
res,rangingbetween12%and39%ofcases[1,5,8,20,30,
33,49,53,50,55,60].

Thefirstcaseofascapularfracturecombinedwithaclavi-
cularfracturewasdescribedbyVogt[57]in1799.Currently,
clavicularfracturesarediscussedprimarilyinconnectionwith
so-calledfloatingshoulder[14].However,nodetailedstudy
dealingwithacombinationofclavicularandscapularfractu-
reshasbeenpublishedtodate.Therefore,wehavebasedthis
chapterprimarilyonanalysisofourowncases.

paTHoanaTomy and mecHaniSm oF THe injury

Clavicularfracturesarecausedbydifferentmechanisms,most-
lybymedium-orhigh-energytrauma.Indiaphysealfractures,
themostfrequentcausalagentisanaxialforcetransmitted
afteradirectlateralimpactontheshoulder,lessoftenadirect
blowtotheclavicle.Fracturesofthelateralclaviclemayalso
resultfromproximaldisplacementofthehumeralhead.

A more detailed specification of a clavicular fracture
requiresanaccuratedefinitionof its individualanatomical
parts.Forthepurposeofclassificationofclavicularfractures,
someauthorsdividetheclavicleintothemedial,middleand
lateralthirds[3].However,thisdivisiondoesnotrespectana-
tomicalarchitectureoftheclavicle,becausetheshaftisnot
formedonlybythemiddlethird,butbythemiddletwoquar-
tersoftheclavicleboundedmediallybytheinsertionofthe
costoclavicularligamentandlaterallybytheinsertionofthe
coracoclavicularligament.Therefore,otherauthorsdistingu-
ishbetweendiaphysealfractures,fracturesofthesternalend
andoftheacromialendoftheclavicle[40,46].

Inourseriesof97associatedclavicularfractures,theshaft
was involved in75 (77%) cases.A fractureof the lateral
thirdoftheclavicle,i.e.,theregionbetweentheinsertionof
thecoracoclavicularligamentandACjoint,wasrecordedin
20(21%)cases.In2(2%)cases,thefracturewassegmental.

Diaphyseal fractures affectedprimarilythemiddlethird
oftheclavicle,sometimesextendinglaterallytotheinsertion
ofthecoracoclavicularligament,butneveracrossthisregion
(Fig. 17-14).Themedialthirdoftheclaviclewasinvolvedonly
in1caseandwasassociatedwithafractureofthefirstrib.
Atotalof37casesweresimpletwo-partfractures.Thefractu-
relinewastransverse,orshort,exceptionallylong,oblique
(Fig. 17-15).In38casesoneormoreintermediatefragments
wereseparated(Fig. 17-16).

Fractures of the lateral third oftheclavicleareinjuries
affecting,inanatomicalterms,thedia-meta-epihysealregion
ofthebone.Weidentifiedthreetypesinourseries(Fig. 17-17).
Thefirsttypewasclassifiedasanepiphyseal fracturecloseto
theACjoint,withaverticalfracturelineandminimaldispla-
cement.Thesecond,epi-metaphysealtype,involvedthewhole
lateralquarteroftheclavicle,i.e.,lateraltotheinsertionof
thecoracoclavicularligament.Inboththesetypesthecora-
coclavicularligamentwasintactinallourcases.Inthethird,
epi-meta-diaphysealtype,thefracturelinestartedmedialto
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theinsertionofthecoracoclavicularligament,i.e.,stillwithin
theshaft.Thelateralthirdoftheclaviclewasasarulesplit
intomultiplefragmentsandfracturelinesextendedlaterally
fromtheinsertionofthecoracoclavicularligamentasfaras
theACjoint(Fig. 17-18).

Segmental fractures wereobservedonlyin2casesinour
series(Fig. 17-19).Inthefirstcase,fracturelinespassedthrou-
ghthemedialandlateralquartersoftheclavicle,withasepa-
ratedlargefragmentrepresentingmorethanthreequartersof
thewholeclavicle.Inthesecondcase,themedialfractureline
ranthroughthecenteroftheclavicle,withthelateraloneagain
closetotheACjoint,resultinginseparationofalmostthewho-
lelateralhalfoftheclavicle.

diagnoSiS

Diaphysealfracturesarerelativelyeasytodiagnose,witha
typicalclinicalfindingdetectedbothvisuallyandbypalpati-
on.Onlyincertaincases,fracturesofthelateralthirdofthe
claviclemaybeconfusedduringclinicalexaminationwithan
injurytotheACjoint.Exceptforfracturesofthemedialcla-
vicle,allfracturescanbewellseenonradiographs.Almostall
scapularfracturescurrentlyundergoCTexamination,which

maybeeasilycompletedwith3Dreconstructionofthecla-
vicle.Thereby,wecangetaclearpictureoftheconditionof
thewholeclavicleanditsjoints.

TreaTmenT

Therearefouroptionstotreatipsilateralfracturesofthesca-
pulaandtheclavicle:non-operativeoroperativetreatmentof
bothfractures,operativetreatmentoftheclavicularfracture
alone,oroperativetreatmentofthescapularfracturealone.

Indications

Thetreatmentproceduredependsonthetypeanddisplace-
mentofaclavicularfracture,aswellasonthepatternofasca-
pularfracture.Internalfixationofadiaphysealfractureofthe
clavicleallowsthestartofrehabilitationinoperatively-treated
scapularfractures,e.g.,glenoidfractures,immediatelyafter
theoperation.Innon-operatively-treatedscapularfractures,
particularlyinquicklyhealinginfraspinousfracturesofthe
scapularbody, internalfixationofan ipsilateraldiaphyseal
fractureoftheclaviclereducestheperiodofimmobilization
oftheshoulderjointto2-4weeks.

Fig. 17-14 Basic categorization of diaphyseal fractures of the clavicle according 
to localization: a) fractures of the medial third; b) fractures of the middle third; 
c) fractures of the lateral third. Yellow arrow – fracture of the 1st rib, red arrow – 
fracture of the clavicle.

a

b

c

Fig. 17-15 Basic categorization of diaphyseal fractures of the clavicle according 
to the course of the fracture line: a) transverse; b) short oblique; c) long oblique.

a

b

c
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Fig. 17-24 The course of bone union and the cosmetic effect of oblique incision, the patient from Fig. 17-22: a) preoperative radiograph; b) a scar 
3 months after the operation; c) postoperative radiograph; d) a scar 6 months after the operation; e) radiograph 7 years after the operation, with the 
healed fracture; f) a scar 7 years after the operation.

a b

c d

e f

Fig. 17-23 Oblique approach to the clavicle – technique of dissection, the patient from Fig. 17-22: a) oblique inci-
sion; b) visualization of the fracture line; c) simplification of the fracture line by fixation of the intermediate fragment 
with lag screws to the main lateral fragment, the suprascapular nerve can be seen close to the hook; d) completion 
of internal fixation with a 3.5-mm reconstruction plate. 

a b

c d
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Treatment

Wehavenotanalyzedtheoutcomesoftreatmentofclavicular
fracturesalone,butalwayswithinindividualpatternsofsca-
pularfractures[10-13].Atotalof39clavicularfractureswere
treatedoperatively,including33diaphyseal,5lateralclavi-
cularandasegmentalone.In2casesweperformedinternal
fixationofthescapulaafterinitialinternalfixationofthecla-
vicleperformedatanotherinstitution.In2casesweperformed
internalfixationoftheclaviclealone.

Fromtheviewpointof thepatternofscapular fractures,
thehighestnumberofoperationswasperformedinclavicular

fracturesassociated in5caseswitha transspinousfracture
ofthescapularneck,in7caseswithafractureoftheinferior
glenoidandin21caseswithafractureoftheinfraspinouspart
ofthescapularbody.

Thetotalnumberofoperatively-treatedclavicleswillprob-
ablybehigher,aswehavenofollow-oninformationaboutthe
injuriesthatwereonlyreferredtousforanopinion.

Weencounteredonly1complicationrelatedtoaclavicular
fractureinourseries.Arobustpatientwithafractureofthe
anatomicalbody(bothpillars)ofthescapulafailedtofollow
thepostoperativeregime(woodchopping6weeksafteropera-
tion),whichresultedinlooseningofa2.7-mmplateapplied
ontheanteriorsurfaceoftheclavicle.Thesubsequenthyper-
trophicnon-union,thetreatmentofwhichwasrefusedbythe
patient,hadnoimpactonthefunctionoftheextremity.

FracTureS oF THe proximal HumeruS

Apictureofafractureoftheproximalhumerus,incombina-
tionwithacomminutedintraarticularfractureofthescapula,
waspresentedintheMalgaigne’satlasasearlyasin1855[38]
(seeFig. 1-7).Studiesintheliteratureusuallyreporttheinci-
denceofallfracturesofthehumerus,namelybetween11%
and15%,withoutsinglingoutthecategoryoffracturesofthe
proximalhumerus[5,20,39,49,56,57].Asnostudyhasyet
dealtindetailwithfracturesoftheproximalhumerusincon-
nectionwithscapularfractures,webasethefollowingsection
primarilyonourexperience.

paTHoanaTomy and mecHaniSm oF THe injury

Thepatternoffracturesoftheproximalhumerusandofthe
scapulaisdeterminedbythetraumaenergy,mechanismofthe
injuryandbonequality.Accordingtothesecriteria,fractures
oftheproximalhumerusmaybedividedintotwomaingroups.

The first group comprises predominantly younger men
withagoodbonequality,whohavesustainedafracturedue
toahigh-energytrauma(Fig. 17-28).Theinjurytothescapula,
whetherintraarticularorextraarticular,isusuallysevere,and
theseverityofthefractureoftheproximalhumerusvaries.

Theothergroupincludesolderpatients,primarilywomen,
withosteoporosis,inwhomthefractureiscommonlycaused
byasimplefallassociatedwithdislocationoftheglenohu-
meraljoint.Afractureofthehumerusisinthesecasesthe
predominantinjury.

Inbothgroups,particularlythesecond,itisthehumeral
headwhichisresponsiblefortheinjurytothescapula.Inju-
riestothesurroundingstructuresdependonthedirectionof
displacementofthehumeralhead(Fig. 17-29).

Anterior displacement is associated with separation of
theanterior rimof theglenoidand/orof thecoracoid tip.
Inyoungerpatients,theinjurytotheproximalhumerusmay
simplybeamereavulsionofthegreatertubercle[18,43,51],
whileolderpatientsalwayssustainafractureof thewhole
proximalhumerus.Inthisrespect,itisnecessarytotakeinto
accountapotentialriskofentrapmentofaseparatedpartof
thecoracoidintotheglenohumeraljointcavity.

Fracture type N Cla 
S

Cla 
Lat

Cla 
Seg

Cla 
Total 

Cla 
 (%)

body 243 53 9 2 64 26 

neck 26 5 1 0 6 23 

glenoid 128 11 4 0 15 12 

processes 102 3 6 0 9 9 

complex 18 2 0 0 2 11 

STD 2 1 0 0 1 50 

Total 519 75 20 2 97 19 

Table 17-5 Incidence of clavicular fractures in individual patterns of scapular 
fractures. Cla – clavicular fractures, ClaS –fractures of the clavicular shaft, 
 ClaLat – fractures of the lateral clavicle, ClaSeg – segmental fractures of the 
clavicle, STD – scapulothoracic dissociation.

Fracture type Scapular neck 
(N)

Cla 
(N)

Cla 
(%)

anatomical 6 0 0 

surgical 13 1 8 

transspinous 7 5 71 

Total 26 6 23 

Table 17-6 Incidence of clavicular fractures in individual patterns of scapular 
neck fractures. Cla – clavicle.

Fracture type
Scapular body 

(N)
Cla
(N) 

Cla
(%)

Lateral pillar 189 55 29 

two-part 117 44 38 

three-part 41 9 22 

comminuted 31 2 6 

Spinal pillar 14 3 21

Both pillars 40 6 15 

Total 243 64 26 

Table 17-7 Incidence of clavicular fractures in individual patterns of scapular 
body fractures. Cla – clavicle.
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Proximaldisplacementofthehumeralheadcausesinju-
rytothelateralclavicle,separationofthecoracoidbase,or
afractureofthesuperiorglenoid,andsometimescombined
fracturesofthecoracoidandtheacromion.Posterolateraldis-
placementresultsinseparationofthescapularspine.

Inyoungerpatientsthisisoftenassociatedwithavulsion
ofthelessertubercle[28](Fig. 17-28),whileinolderpatients
thewholehumeralheadisaffected(Fig. 17-30).Posteriordis-
locationinvolvesinjurytothehumeralheadaswellastothe
posteriorrimoftheglenoid(Fig. 17-31).

Theseverityofafractureoftheproximalhumerusdepends
onthebonequality,traumaenergyandforcevector.Minimally,
thereoccursavulsionofoneofthetubercles;anotherextreme
iscomminutionoftheproximalhumerusinvolvingtheshaft
(Fig. 17-32).

Incertainhigh-energyfractures,thetraumaforceactsdi-
rectlyonthescapula,andsimultaneouslyalsoontheproximal
humerus,resultinginacombinedinjurytothescapularbody,
theglenoidfossaandtheproximalhumerus.

Fig. 17-28 Injuries to the proximal humerus in scapular fractures caused by high-energy mechanisms: a) a complex extraarticular fracture of the scapula associated 
with anterior glenohumeral dislocation and a fracture of the greater tubercle (yellow arrow), the blue arrow indicates the separated coracoid tip; b) a fracture of the 
infraspinous part of the scapular body, the anterior rim of the glenoid associated with anterior dislocation of the shoulder joint and separation of the greater tubercle.

a b

Fig. 17-29 The effect of direction of displacement of the humeral head on injury to the surrounding structures of the scapula: a) anterior and proximal displacement 
results in injury to the anterior rim of the glenoid and the coracoid; b) proximal displacement causes injury to the AC joint or the lateral clavicle; c) proximal and 
posterior displacement results in injury to the acromion, or the lateral part of the scapular spine.

a b c


