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Schandelmaier et al.[72]intheirstudyof2002,considered
theindicationforoperativetreatmentglenoidfracturesofGoss
typeIItoVwithfragment displacement of more than 5 mm.

Anavian et al.[2]in2012,indicatedoperationforglenoid
fractureswith a step-off or gap in the articular surface of 4 mm 
or more.

Tatro et al. [78]in2018,alsoaddedtoAnavian’scriteria
involvement of 25% of the articular surface.

Authors dealing with anterior glenoid fractures [1,50,
51,69,73,84]usedopen,orarthroscopic,operationincases
whenthe separated fragment carried at least 20-25% of the 
articular surface and was displaced by at least 4 mm, or in 
case of instability of the glenohumeral joint after reduction.

Specific features of indication criteria

Theoverviewshowsthatagreementhasbeencurrentlyreached
forthefollowingthreegeneralparameters:

• displacement of fragment by more than 4 to 5 mm, 
• involvement of at least 25-30% of the articular surface,
• persisting subluxation, or dislocation, of the humeral head.

Inadditiontothesizeoftheseparatedarticularsurface,itis
necessaryalsototakeintoaccounttheoverallsizeofthefrag-
ment,thebonequality(osteoporosis)andthelocationofin-
volvementoftheglenoidfossa.Themostsignificant,interms
ofthejointcongruityandstability,istheso-calledcircular 
area,particularlyitsanteroinferiorquadrant.Bycontrast,the
superiorpoleoftheglenoidbearingabout20%ofthearticular
surfaceislessofanindication(Fig. 14-19).

Specificfeaturesofindividualtypesofinjuriestothegle-
noidmustalsobetakenintoaccountwhenconsideringope-
rativetreatment.

In anterior glenoid fractures, themainobjective is to
restorestabilityoftheglenohumeraljoint,asthesefractures
areusuallyassociatedwithanteriordislocationofthegleno-

humeraljointandinjurytothelabro-ligamentouscomplex.
Glenohumeralinstabilityresultsfromtwocauses.

Thefirstcauseisligamentous instability causedprimarily
byinjurytothelabro-ligamento-tendinouscomplexofthean-
teriorpartofthejointcapsule,withseparationofonlyanarrow
circumferentialpartoftheglenoid.Thearticularsurfaceof
theglenoidfossaisminimallyaffected.Theaimofoperation
isafirmreinsertionofthelabrumandthejointcapsuletothe
glenoidrim[57,75].

Theothercauseisbony instability,whentheseparatedfrag-
ment,asaruleanteroinferior,bearsmorethan20-25%ofthear-
ticularsurface.Anextreme,differinginthetypeofmechanism,
aresplitfracturescausedbyadirectimpactofthehumeralhead
ontheglenoidfossa.Separationofalargerfragmentinanycase
markedlyreducesthearticulationareaoftheintactpartofthe
cavity.Theaimoftheoperationisanatomicalreductionand
stablefixationofthefragment,restoringtheinitialcapacityof
thearticularsurface,andcongruenceandstabilityofthegleno-
humeraljoint.

In posterior glenoid fractures, thesituationissimilarto
theprecedingtype.However,thesefracturesare,inpractice,
veryrareandonlyafewreportsoftheiroperativetreatment
havebeenpublished[64].

Superior glenoid fractures haveseveralspecificfeaturesin
termsofoperativetreatment.Thefirstofthemistheconnection
betweentheseparatedfragmentandtheacromionandthela-
teralclaviclethroughcoracoidligaments.Theseligamentsare
inmostcasesintactandpreventmarkeddisplacementofthe
fragment.Afewreportsonruptureofthecoracoclavicularliga-
mentincasesofassociatedACdislocationmaybefoundinthe
literature[5,88].Wealsofounditinoneofourcases(Fig. 14-11).
Anotherspecificfeatureistheabove-describedtypeofdisplace-
mentofthefragment,i.e.,varustilt,angulationofthearticular
surfacewithonlyasmallstep-off(Fig. 14-10).Therefore,superi-
orglenoidfracturesarenotassociatedwithglenohumeralinsta-
bility.Thethirdspecificfeaturemaybeconsideredthelocation
andcourseofthefractureline.Thefracturelinepassesusually
transverselyandslightlyobliquelythroughtheupperthirdof
theglenoidfossa(75%ofcases),outsideof,orontheperiphery
of,thecirculararea,i.e.,outsidethemaincontactsurfacewith
thehumeralhead.Asaresult,agreaterdisplacementmaybe
toleratedinthislocationthaninthecentralpartofthecircular
area.Forthesereasons,amajorityofsuperiorglenoidfractu-
resaretreatednon-operatively.Operativetreatmentshouldbe
consideredverycarefully.Inanumberofcases,themainrea-
sonforoperationisnotincongruityofthearticularsurface,but
theassociatedinjuries,primarilyACdislocation,oradisplaced
fractureofthelateralclavicle.

Inferior glenoid fractures mustbe,besidesthesizeofthe
separatedarticularsurfaceandtheshapeoftheglenoidfrag-
ment,checkedalsoforafractureoftheinfraspinouspartof
thescapularbody,whichispresentinmorethan84%ofcases.
Thefracturelinealmostalwayspassesthroughthecircular
area.Therefore,ininferiorglenoidfractures,separationofthe
distalthirdofthearticularsurfaceismuchmoresevere,in
termsofjointcongruenceandstability,thanseparationofthe
upperthirdofthearticularsurfaceinsuperiorglenoidfractu-

Fig. 14-19 The circular area and its importance for assessment of the size 
of the separated articular surface of the glenoid: a) intact glenoid, the circular 
area (marked in red) encompassing the load-bearing surface of the glenoid; 
b) a fracture of the superior glenoid with a minimal involvement of the load-
-bearing surface of the glenoid.
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15
FracTureS oF Scapular proceSSeS and angleS

Scapularprocessfracturesdescribedintheliteratureinclude
fracturesof thecoracoid, theacromionandthe lateralsca-
pularspine[1,10,149].In1996,Goss[60]addedagroup
of“avulsion fractures”tothem,i.e.,fracturesofthesuperior
angleandthesuperiorborderofthescapularbody.We[14]
haveincludedinthisgroupalsofracturesoftheinferiorangle
ofthescapula,becauseallthesestructuresservesolelyforthe
attachmentofmuscles,orligaments,andarenotinvolvedin
transmissionofcompressiveforcesfromtheglenoidtothe
scapularbody.Fracturesofprocessesandanglesofthescapula
arethereforeconsideredbyanumberofauthorstobeavulsi-
onfracturesresultingfromthepullofmusclesandligaments
[23,76,85,192,200].

Studiespublishedintheliteraturehavepaidconsiderable
attentiontofracturesofthecoracoid,acromionandthelateral
spine, inthelast twodecadesprimarilyinconnectionwith
injuries toso-calledsuperiorshouldersuspensorycomplex
(SSSC)[9,13,103,108].However,theyaremostlycasere-
ports,largerserieswerepublishedonlysporadically[3,15,
50,77,78,139,140].

Aseparateissueisraisedbyosacromiale[72,165,191,
197].Fracturesofthesuperiorangleandthesuperiorborderof
thescapulaareinsignificantinpracticalterms[23,141,192].
Fracturesoftheinferiorangleinadultsarerare,althoughthey
maycausedifficulties[84,173].

HiSTory

Probablytheoldestknownfractureofascapularprocessina
humanbeingwaspublishedbyBaudouin[16]in1909.Itwas
foundinamanfromaNeolithicgravewhosustainedafracture
ofthesurgicalneckandafractureofthecoracoid(Fig. 15-1).

Fracturesof theacromionandthecoracoidwereknown
alreadytoancientauthors[157],duetotheireaseofdiagnosis,
Inthemodernliterature,Petit[150],in1723,wasthefirstto
discussfracturesofthecoracoid,acromionandscapularspine.
In1751,DuVerney[47]describedafractureofthecoracoid
associatedwithafractureofthesurgicalneckofthescapulaon
thebasisofautopsy.In1822,AstleyP.Cooper[32]published
acaseofafractureoftheacromion,includingitsdrawing.
Fracturesofthecoracoidandoftheacromionweredescribed
anddepictedinatextbookandatlaspublishedbyMalgaigne
respectivelyin1847[119]and1855[120].Throughoutthe
whole19thcenturythereappearednumerouscasereportson
fracturesofscapularprocesses[10,71,80,83,90,172,173].
AnexceptionwasCallaway[29]whopresentedinhisdisser-

tationthesisof1849aseriesof8acromialfracturesandalso
describedcoracoidfracturesindetail.

In19thcentury,severalcasesoffracturesofthesuperiorand
inferiorangleswererecorded[65,71,173].ForinstanceHarris
[71],in1892,published,onthebasisofaclinicalexamination,
afractureofthesuperiorangleofthescapulainapatientwho
washitbyatrain.

Autopsy findings:South[172],in1839,describedinagreat
detailanautopsyfindinginapatientwithafractureofthecora-
coidandtheacromion.BransbyB.Cooper[33],in1842,re-
portedacaseofcombinedfracturesofthecoracoidbase,the
acromionandtheproximalhumerus.Holmes[80], in1858,
publishedanautopsyfindinginapatientwithanisolatedfrac-
tureofthecoracoid.Kelly[90],in1869,presentedanautopsy

Fig. 15-1 Drawing of the Baudouin’s finding of a fracture of the coracoid and the 
surgical neck in a man from a Neolithic grave, published in 1909. Reprinted from [16]. 
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thegivenstructure.Motionoftheshoulderjointispainfuland,
inconsequence,itsexaminationisoftenimpossible.Attempts
atextensionoftheelbowmayalsobepainful,suggestingan
injurytothecoracoid(pullofthebicepsbrachii).Examination
shouldincludevascularityandinnervationoftheextremity
(injurytotheaxillaryartery,orthebrachialplexus)[127,139].

Radiological examination

Thebasicradiologicalexaminationincludesaradiographof
theentireshouldergirdle, includingtheSCjoint,andboth
Neerviews.Theseradiographswillusuallyclearlyshowama-
jorityoffracturesoftheprocessesandtheneighboringstructu-
res.Wecarefullyassessthemutualrelationshipofthelateral
clavicle,theacromionandthecoracoid.

Coracoidfracturesareproblematicassomeofthemmaybe
missedontheanteroposteriorradiographoftheshoulderjoint
[189].Theycan,however,usuallybewell-seenintheNeerII
(“Y”)view.Someauthorsrecommendspecialviews,suchas
theaxillaryview(Fig. 15-18),buttheymaybedifficulttoobtain
duetopainonabductionoftheshoulderjointasrequiredfor
suchaprocedure[22,28,52,168].

OtherauthorshavefoundusefulultrasonographyorMRI,
showingalsotheconditionofthesurroundingsofttissues,the
rotatorcuffinparticular[25,28,56].However,ultrasonogra-
phyrequiresanexperiencedspecialistandMRIislimitedby
itsavailabilityandcost.

ArealisticimageofthefractureanatomyisprovidedbyCT
scans,includingstandardized3DCTreconstructions.Theyare
beneficialmainlyincasesofinvolvementofmorestructures
oftheshouldergirdle,ormorepartsofthescapula.Suspected
stressfractures,notshownbyaradiograph,werepreviously
anindicationforscintigraphy[196],buttodayforMRI[177].

In any case, all identified coracoid fractures should be
checkedforapotentialinjurytootherstructuresofthescapula
SSSCortheglenohumeraljoint.

claSSiFicaTionS

Classificationsofacuteprocessfracturesemergedasearlyas
atthebeginningof20thcentury.Thefirstclassificationofthe
acromionwaspublishedbyMencke[128]in1914whodis-
tinguishedbetweenthreepatterns:1- a well-marked fracture 
of a considerable portion of the acromion, 2 – physeal sepa-
ration, 3 – a sprain fracture.

In1915,Tanton[178]dividedfracturesofthecoracoidinto
fractures of its base or its beak,andfracturesoftheacromion
intothreepatterns:1 – fractures of the rim, 2 – fractures in 
the acromioclavicular region, 3 – fractures of the base of the 
acromion.

Thecurrentlyusedclassificationsappearedwithinashort
timeintervalaslateasinthelastdecadeof20thcentury[51,
60,100,137-139].Oneofthereasonswasprobablyasmall
numberofthecasespublisheduntilthen,mostofwhichwere
casereportsandfewseriesincludedmorethan10patients[50,
100,137-139].

Ogawa’s classification of coracoid fractures

Ogawaetal. [137,138]publishedthefirstversionof their
classificationin1990.Basedonananalysisof37fractures,
theydividedthewholeseriesintofourgroups(Fig. 15-19),with
thefifthgroupbeingunclassifiedfractures.

In1996,Ogawaetal.[139]analyzedaseriesof67coracoid
fractures.Thecohortcomprised55menand12women,with
ameanageof37years(range,14-72).Atotalof35ofthefrac-
turesweresustainedintrafficaccidents,23fracturesinfalls,
2fractureswerecausedbyadirectblow,and3fracturesby
unidentifiedmechanisms.Threepatientswereknowntohave
renalosteodystrophybeforetheinjury.Associatedinjuriestothe
shouldergirdlewerefoundin60patients,including39casesof
ACdislocation;14fracturesoftheclavicle,ofwhich12frac-

Fig. 15-18 Axillary radiograph of the coracoid. 

Fig. 15-19 The original Ogawa’s classification of coracoid fractures. I – fracture 
of the tip, II – fracture of the beak, III A + B – variants of an extraarticular fracture 
of the base; IV – intraarticular fracture of the base. Modified according to [138].
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turesinvolveditslateralpart;13acromialfractures;5fractures
ofthescapularspine;3injuriestotherotatorcuff;3casesof
anteriordislocationoftheglenohumeraljoint;2fracturesofthe
anteriorrimoftheglenoid;and2proximalhumeralfractures.

Theauthorsdividedcoracoidfracturesintotwotypesbased
onthecourseofthefracturelineinrelationtotheattachment
ofthecoracoclavicularligament(Fig. 15-20):

• Type I–thefracturelinepassedbehindtheattachmentof
theligament–53cases,ofwhich17caseswereintra-arti-
cularfractures(superiorglenoidfracture).

• Type II–thefracturelinerananteriortotheattachmentof
theligament–11cases.

Thetypeof3fracturescouldnotbereliablydetermined.
Operativetreatmentwasusedin31typeIandonlyin3typeII
fractures.

Eyres’ classification of coracoid fractures

Eyresetal.[50],in1995,dividedcoracoidfracturesintofive
typesonthebasisofananalysisofacohortof12patients,
8menand4women,withameanageof34years(Fig. 15-21):

• Type I–tip,orepiphyseal,fracture,
• Type II–mid-process,
• Type III–basalfracture,
• Type IV–superiorbodyofscapulainvolved,
• Type V–extensionintotheglenoidfossa.

ACdislocationwasfoundin3cases,andafractureofthe
lateralclavicle,afractureoftheproximalhumerusandgleno-
humeraldislocationinonecaseeach. 

Goss’ classification of coracoid fracture

Goss[59],in1996,dividedcoracoidfracturesintothreebasic
types,withoutspecifyingthenumberofcasesanalyzed.

• Type 1isdefinedasanavulsionfractureofthecoracoid
tip,causedbypulloftheconjointtendonofthecoraco-
brachialis and the shortheadof thebicepsbrachii.The
fracturelinepassesdistaltotheattachmentofthecoraco-
clavicularligament.Displacementmaybesignificant,but
doesnotrequireoperativetreatment.

• Type 2isafracturerunningbetweenthecoracoidattach-
ments of the coracoclavicular and coracoacromial liga-
ments.Thefractureresultsbothfromadirectblow(bythe
humeralhead)oranindirecttrauma,andisusuallymarkedly
displaced.Theavulsedpartofthecoracoidispulleddistally
bytheconjointtendonandisrotatedlaterallybythepullof
thecoracoacromialligament.
Note: Definition of this type does not respect the anatomical 
reality, as the coracoid attachment of the coracoacromial 
ligament is quite broad, extending between the tip and the 
base of the coracoid (Fig. 2-30).

• Type 3includesfracturesofthecoracoidbaseandisthe
most frequent of all types. These fractures are caused
mostlybyimpactofthehumeralheadandareusuallyonly
minimallydisplaced,duetothestabilizationeffectofthe
coracoclavicularligament.
Aspecificvariantoftype3isanintra-articularfractureofthe

coracoidbase.AccordingtoGoss,thefracturelinepassesalong
theoriginalphyseallinebetweentwoossificationcentersof
glenoidfossa.“Displacement is usually minimal and the frag-
ment displaced medialy creating a negative articular defect.”

Goss[60]alsodiscussedassociatedinjuriestotheshoul-
dergirdleand,inthiscontext,hementionedthehithertopub-
lishedcases,specificallyACdislocation,anacromialfracture,
afractureofthesurgicalneckofthescapulaandafractureof
thelateralclavicle.

Fig. 15-20 Ogawa’s reduced classification of coracoid fractures. I – fracture 
posterior to the attachment of the coracoclavicular ligament, II – fracture anterior 
to the attachment of the coracoclavicular ligament. Modified according to [139].

Fig. 15-21 Eyres’ classification of coracoid fractures. Type I – tip or epiphyseal fracture, Type II – mid-process (fracture of the beak), Type III – basal fracture, 
Type IV – superior body of scapula involved, Type V – extension into the glenoid fossa. Modified according to [50].

Type I Type II Type III Type IV Type V
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Ogawa-Naniwa’s classification of the acromion 
and the lateral spine 

In1997,theseauthors[140]developedacommonclassification
forfracturesoftheacromionandthelateralspinebasedonthe
reviewofagroupof37patients,28menand9women,with
ameanageof37years(range,17-72),ofwhich13weretreated
operatively.Themethodofradiologicalexamination,particu-
larlytheuseofCT,wasnotmentioned.Fractureswereoften
associatedwithotherinjuriestotheshouldergirdle:acoracoid
fracturein19cases,ACdislocationin18cases,aclavicular
fracturein4casesandaninjurytothebrachialplexusin4cases.

According to thecourseof thefracture line, theauthors
identifiedthreegroupsoffractures(Fig. 15-29):

• Group I–themedialpartofthefracturelineinvolvedthe
posterioredgeofthearticularsurfaceoftheacromion.This
typewasfoundin8patients.

• Group II–themedialpartofthefracturelinewassituated
anteromedialtotheacromialangle.Thistypeoccurredin
20casesandintwovariants.Insubtype A(13patients),the
posteriorpartofthefracturelinepassedlateralto,whilein
subtype B(7patients)medialtotheacromialangle.

• Group III–thefracturelinedescendedfromthescapular
spinetothespinoglenoidnotch.Thistypewasidentified
in8cases.

Intheconclusion, theauthorsproposeddivisionintotwo
typesonly,withtypeIinvolving“theanatomicalacromion”and

typeIIincludingmediallylocatedfracturesdescendingtothe
spinoglenoidnotch,i.e.,fracturesofthelateralspine(Fig. 15-30).

Fractures of the acromion and of the lateral spine 
– the authors’ own classification

Basedonthereviewof 3DCTreconstructionsof35fractures
oftheacromionandthelateralspine(Tables 15-3, 15-4),we
havemodifiedtheclassificationdevelopedbyOgawaandNa-
niwa(Figs. 15-31, 15-32):

Fractures of the acromion involvingitsanteriororlateral
half,whentheseparatedfragmentbearslessthanahalfofits
surface(Figs.15-32through15-34).Werecorded6suchcases
inourseries.

Fractures of the acromial angle affectingapproximately
thetriangularareaformingatransitionbetweentheacromion
andthelateralspine,whentheposteriorpartofthefracture
linerunsusuallynomorethan1cmmedial,orlateral,tothe
acromialangle.The fracture line is straight,orV-shaped.
Thistypewasthemostfrequentandwasseenin16cases
(Fig. 15-35).

Fractures of the lateral spine arelocatedintheareabe-
tweentheacromialangleandthemedialedgeofthespino-
glenoidnotch(Fig. 15-36).Thecourseofthefracturelineis
variable;inamajorityofcasesitdescendstothebaseofthe
lateralspine,withoutinvolvingthescapularbody(Fig. 15-37).
Wehaveidentifiedatotalof13suchfractures.

Fig. 15-29 The original Ogawa’s classification of acromial fractures. I – medial 
end of the fracture line adjoined the posterior edge of the acromioclavicular joint, 
II – fractures in which its medial end was located anteromedial to the acromial 
angle (A – the fracture line is located anterior to the acromial angle, B – fracture 
line is located medial to the acromial angle), III – fracture line extends to the 
spinoglenoidal notch. Modified according to [140].

Fig. 15-30 The Ogawa’s reduced classification of acromial fractures. Type I – 
fractures consist of those of anatomic acromion and extremely lateral scapular 
spine, Type II fractures compromise those located in more medial spine and 
descending into spinoglenoid notch. Modified according to [140].
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Analysis of classifications of the acromio-spinal 
fractures

Oneofthemajorproblemsofacromio-spinalfracturesister-
minology.BothKuhnetal.[100]andGoss[60]usetheterm
“acromialfractures”,althoughanumberoffracturesdescribed
bythemaffectedtheareamedialtotheacromialangle,i.e.,the
lateralscapularspine.OnlyOgawaetal.[140]distinguishbe-
tweenthreeanatomicallydifferentareasoftheacromio-spinal
complex.Anotherproblemisthediagnosticsoftheanalyzed
fractures.Kuhnetal. [100]were theonlyones todescribe
theirmethodofradiologicalexamination.Noneoftheauthors
mentionedtheuseofCT[60,100,140].

Kuhn’s classification is based primarily on displace-
mentoffragmentsandreductionofthesubacromialspace;
anatomyofthefractureisnotthatimportanttotheauthors.
Anexactassessmentofdisplacement,includingreductionof
thesubacromialspace,withtheuseofradiographsonly, is
highlyproblematic.Therelevanceof this reduction isalso
questionable.Inaddition,theclassificationneitherrespectsthe
anatomicaldifferencebetweentheacromionandthelateral

Total Male Female Age R/L Ac AA LS Co SG AG IG TG AC Cla PH SC

35 28 7 47 15/20 6 16 13 7 5 1 1 3 7 3 3 1

Table 15-3 Basic characteristics of fractures of the acromion and the lateral spine. AA – fractures of the acromial angle, Ac – fractures of the anterior, or lateral half, 
of the acromion, AC – AC dislocation, AG – fracture of the anterior glenoid, Cla – clavicular fracture, Co – coracoid fractures, IG – fracture of the inferior glenoid, 
LS – fractures of the lateral spine, PH – fracture of the proximal humerus, R/L – right/left side, SC – dislocation of the sternoclavicular joint, SG – fracture of the 
superior glenoid, TG – fractures of the entire glenoid.

Type N Male Female Age R/L Co SG AG IG TG AC Cla PH SC

Ac 6 3 3 47 3/3 0 0 0 0 2 1 0 0 0

AA 16 16 0 41 6/10 6 4 1 1 1 4 2 2 1

LS 13 9 4 47 6/7 1 1 0 0 0 2 1 1 0

Table 15-4 Basic characteristics of fractures of the acromion and the lateral spine depending on the fracture pattern. AA – fractures of the acromial angle, 
AC – AC dislocation, AG – fracture of the anterior glenoid, Cla – clavicular fracture, Co – coracoid fractures, IG – fracture of the inferior glenoid, LS – fractures of 
the lateral spine, PH – fracture of the proximal humerus, R/L – right/left side, SC – dislocation of the sternoclavicular joint, SG – fracture of the superior glenoid, 
TG – fractures of the entire glenoid.

Fig. 15-31 Acromial fractures – the classification developed by the authors. 
AA – fractures of the acromial angle, Ac – fractures of the anterior half of the 
acromion, LS – fractures of the lateral spine.

Fig. 15-32 Acromial fractures – the classification developed by the authors, on 3D CT reconstructions: a) fractures of the anterior half of the acromion; b) fractures 
of the acromial angle; c) fractures of the lateral spine.

a b c
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rare(Fig. 15-15).Cabotetal.[27]describedafractureofthe
lateralspinecombinedwithbreakingofthemedialspineout
ofthescapularbody.

TreaTmenT

Fracturesofprocesseswereinitiallytreatednon-operatively,
butintherecentdecadethenumberofreportsoftheiropera-
tivetreatmenthasmarkedlyincreased[3,30,75,77,78,89],
evenifpredominantlyintheformofcasereports.Studiesof
largerseriesaresporadic [3,77,78].For these reasonsno
consensushasyetbeen reachedconcerning themethodof
treatmentofprocessfractures[75].

Indications
Clear, generally accepted indication criteria for treatment
ofprocessfracturesarestillawaited.Aliteraturereviewhas
shownthatindividualauthorstreatthesameinjuriesindif-
ferentwaysandachievethesame,intheirview,verygood
results[3,50,60,77,78,138-140].

Goss [60] recommends managing these fractures non-
-operatively inallpatients, except forathletesandmanual
workers.Incasesofdelayedtreatmenthesuggestsoperationif
afragmentthatfailedtore-attach,causessofttissueirritation.

However,hehasnotspecifiedparticularindicationsforope-
rativetreatment.

Kuhnetal.[100]selectforoperationonlyfracturesofthe
acromion that compromise the subacromial space,without
mentioninganyotherdisplacement,oritsextent.

ExactcriteriahavebeenpresentedonlybyAnavianetal.
[3]andHilletal.[77,78]whorecommendoperationincase
ofdisplacementoffragmentsofmorethan1cmalone,orin
combinationwithanSSSCdoublelesion.

Nevertheless, the situation is rather more complicated.
Whendecidingabout themethodof treatmentof fractures
ofindividualprocesses,itisnecessaryalsotoassess,besides
displacement,injuriestootherstructuresoftheshouldergi-
rdle.Theseinjuriesareoftenthemainreasonforoperative
treatment,ratherthanfracturesofprocessesthat,ifisolated,
couldbemanagednon-operatively.Thefollowingoverview
presentstheexperienceofindividualauthorsinthetreatment
ofvarioustypesofscapularprocessfractures.

Isolated fractures of the coracoidmaybetreatedeither
non-operatively [19,52,63,203]oroperatively,mainly in
athletesandphysicallyactivepatients[5,20,42,102].

Isolated fractures of the acromion and the lateral spine 
maybetreatednon-operativelyincasesofaminimaldisplace-

Fig. 15-38 Internal fixation of the acromial angle: a) fracture of the acromial angle and coracoid base on 3D CT reconstruction; b) revision of the fracture from the 
posterosuperior approach; c) reduction and fixation of the fragment with a lag screw (yellow arrow); d) completion of stabilization with a locking lateral clavicle plate. 
The coracoid fracture was reduced indirectly by pull of the coracoacromial ligament and left without internal fixation. Both fractures healed in an anatomical position. 

a b
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Fig. 15-43 Internal fixation of the lateral spine: a+b) preoperative radiograph, the red arrow indicates the fracture line; c+d) postoperative radiograph, internal 
fixation performed with lag screw and neutralization plate. During tightening of the screw, the screw head broke off. 

a b

dc

Fig. 15-42 Internal fixation of a fracture of the acromial angle with a lag screw: a) fracture of the acromial angle accompanying a total glenoid fracture; b+c) post-
operative radiograph. Both fractures healed in anatomical position, with fully restored function of the shoulder joint. 

a b c
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ACdislocationwasmanagedby tensionbandwiring in
4patients,withahookplatein1caseandusingK-wiresalone
in1case.Fracturesoftheacromialangleweretreatedwitha
platein3cases,thesameprocedurewasusedin2fractures
ofthesurgicalneckofthescapula;afractureoftheproximal
humeruswasstabilizedbyaPhiloslockingplateandafracture
oftheanteriorglenoidbylagscrews.

Acoracoidfracturewastreatedinonly2cases,i.e.,once
incombinationwithACdislocationandonceincombination
withafractureoftheanteriorglenoid,alwaysusinga3.5-mm
lagscrew.Innoneof39caseswasthecoracoidfracturethe
primaryindicationforoperation.

Quitedifferentwasthesituationin10operatively-treated
fracturesoftheacromionandthelateralspine.Fracturesofthe
anterior,orlateral,halfoftheacromionweretreatedin2cases,
usingapairoflagscrews.In3fracturesoftheacromialangle
andin4fracturesofthelateralspineweusedvarioustypes
of2.7-mmand3.5-mmreconstruction,orT-plates.Alocking
plate,shapedforthelateralclavicle,waschosenin1case,
namelyforafractureoftheacromialanglecombinedwitha
fractureofthecoracoidbase.Althoughwedidnotfixthelatter
fracture,bothfractureshealedwithoutcomplications.

Sofar,wehavenotevaluatedandpublishedindetailthe
resultsofoperations,exceptforpatientswithfracturesofthe
surgicalneckofthescapula.Nevertheless,wemaypresentat
leastthefollowingbasicfacts.

Alloperatively-treatedpatientswithfracturesoftheprocesses
hadhealed,includingthecoracoidfracturesthatwerenotfixed
duringoperation,duetoanotherinjurytotheshouldergirdle.
Noinfectionwasrecorded.Moreseriouscomplicationsinclud-
eddiastasisoftheACjointafterearlyremovalofK-wiresin

a combinedfractureof theacromialangle(fixationbyare-
constructionplate),thecoracoidbasefracture(untreated)and
ACdislocationoftypeIVoftheRockwoodclassification.In
2casescombinedwitha fractureof theproximal humerus,
patientsdevelopedposttraumaticarthritis.Thefirstcasewas
a70-year-oldfemalepatientwithafractureoftheproximal
humeruscombinedwithafractureofthecoracoidtipandthe
superiorglenoid,treatedwithinternalfixationofallthreefrac-
tures.Theothercasewasa56-year-old femalepatientwith
afractureofthebaseofthelateralspineandafractureofthe
humeralhead,whereonlythescapularfracturewastreated.The
fractureofthehumeralheadwasrevealedontheCTfinding
scheduledforreplacementoftheproximalhumerusinasecond
phase(Fig. 15-44).However,thepatientrefusedthereplacement
becauseofinsignificanceofsubjectivecomplaints.

oS acromiale

Whendealingwithfracturesofprocesses,wemustnotforget
aboutosacromialewhichisoftenconfusedwithanacromial
fracture.Rarelydoesafractureoftheacromion,orofthelateral
spine,occursimultaneouslywithosacromiale(Fig. 15-47).The
literaturealsocontainsseveralreportsofseparationofosac-
romialeduetoatrauma[117,156].

History

OsacromialewasdescribedforthefirsttimebyCruveililher
[36]in1849.ItwasdealtwithindetailbyGruber[62]in1863
(Fig. 15-48)andMcAlister[125]in1897.Atthebeginningof
20thcentury,theissueofosacromialeappearedintheradio-
logicalliterature[95,112,136].Fororthopedicsurgeonsit
wasbroughtintofocusbyaLiberson’sstudy[111]of1937.
Mudgeetal.[132],in1984,wereamongthefirsttopointout
therelationshipbetweenosacromialeandalesionofthero-
tatorcuff.Fromthe1990s,thenumberofstudiesdealingwith
osacromialeasthecauseofapainfulshoulderbegantogrow
[72,117,165,167,175,187,202,208].Lyons[117]in2010
describedafractureofosacromialeasapartofthefloating
shoulder.Theexistinganatomicalfindingsweresummarized
byYammine[208]in2014andtheclinicalsignificanceofos
acromialewasdiscussedbyHasanetal.[72]in2018andViner
etal.[191]in2020.

Anatomy

Osacromialeresultsfromfailureoffusionbetweenindividual
ossificationcentersoftheacromion.Therearefourossifica-
tioncentersoftheacromion,i.e.,preacromion, mesoacromion, 

N Fxs Total Male Female R/L Age total Age male Age female Co Ac/LS Cla AC SC PH

N 74 67 54 13 24/43 46 44 51 39 35 9 13 1 6

Table 15-5 Basic characteristics of process fractures, including associated injuries to the shoulder girdle. AC – AC dislocation, Ac/LS – fractures of the acromion or 
the lateral spine, Cla – fracture of the lateral clavicle, Co – coracoid fractures, N – number of patients, N Fxs – total number of fractures, PH – fractures of the proximal 
humerus, R/L – right/left side, SC – sternoclavicular dislocation, Total – total number of patients. 

Type N Male/Female Age R/L

Total 67 54/13 46 24/43

Co 39 29/10 43 11/28

Ac/LS 35 30/5 47 15/20

AC 13 12/1 43 4/9

Co+Ac/LS 7 7/0 34 3/4

Cla 9 6/3 51 4/5

PH 6 2/4 61 3/3

Table 15-6 Comparison of basic characteristics of injuries in individual groups 
of fractures. AC – all process fractures associated with AC dislocation, Ac/LS – all 
fractures of the acromion or the lateral spine, Cla – all process fractures associated 
with a lateral clavicle fracture, Co – all coracoid fractures, Co+Ac/LS – combined 
fractures of the coracoid and the acromion or the lateral spine, PH – all process 
fractures associated with a fracture of the proximal humerus, R/L – right/left side.
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 metacromion, and basiacromion(Fig. 15-49).Ossificationcenters
appearattheageof10to16yearsandfusebetween16and25
years[146,202].Failureoffusionoccursbetweenmetacromion
andmesoacromionin75%ofcases(Fig. 15-50).Thefindings
obtainedtodatesuggestadevelopmentaldisorder[208].

Epidemiology 

Theincidenceofosacromialewasstudiedbothonbonespeci-
mens[208]andradiographs[111,112].Thedataobtainedvary
somewhat,asitmaybeeasilyoverlookedonradiographs[72,
111,208].Accordingtoanatomicalstudies,osacromialecanbe
seeninabout7%andaccordingtoradiologicalstudies,inabout
4%ofindividuals.Inblackpopulationsitsincidenceisapproxi-
mately3timeshigherthaninwhitepopulations;thedifference
betweenmenandwomenisnotsignificant[72,208].Aboutone
thirdofcasesshowbilateralincidenceofosacromiale[72,208].

Clinical examination

Astableosacromialeisusuallyasymptomatic;itismostly
detectedas an incidentalfindingona radiograph.Clinical
problemsarisefromaso-calledunstableosacromiale,dueto
pathologicalmotionatthesynchondrosis.Itismanifestedby

Fig. 15-49 Developmental zones of the acromion leading to os acromiale, 
according to Köhler and Zimmer. Modified according to [95]. BA –  basiacromion, 
MSA – mesoacromion, MTA – metacromion, PA – preacromion.

Fig. 15-48 Os acromiale and comparison with Gruber’s original description: a+b) a double os acromiale, when trauma caused separation in the original physis; 
c) Gruber’s original drawing reprinted from [62].

a b c

Fig. 15-47 Fracture of the acromial angle associated with os acromiale: a) radiograph, the yellow arrow shows the fracture line in the acromial angle, the line of 
os acromiale cannot be well seen, while the fracture of the superior glenoid is clearly visible; b) 3D CT reconstruction, fracture line and the line of os acromiale are clearly 
visible; c) 2D CT reconstruction, the two lines can be well seen; d) 3D CT reconstruction, posterior view, the fracture line indicated by the yellow arrow is almost invisible.

a b c d
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painresultingfromdegenerativechangesdirectlyinthesyn-
chondrosis,orcausedbyirritationoftherotatorcuff.Rarely,
theremayoccuratraumaticseparationofosacromiale[156].
Therefore,itisessentialtotakeadetailedmedicalhistoryin
ordertodistinguishbetweenacoincidentalfindingofosacro-
mialeandasymptomaticunstableosacromiale[72].

Duringtheexaminationitisnecessarytoidentifyamaximal
areaoftendernessanditslocationintheregionoftheACjoint,
theanteriorrimoftheacromion,orjustoverthesynchondrosis
[72].Palpationmayalsorevealpathologicalmotionoftheos
acromialeassociatedwithpain.Wetesttherangeofmotion
or,whereappropriate, thepainfularchofmotion,whichis
typicalofalesionoftherotatorcuff.Animportantsign,in
thisrespect,isweakeninginabduction,orexternalrotation.

Radiology

Asafirststep,radiographsoftheshoulderjointareobtainedin
theanteroposteriorandY-views,andincaseofdoubtanaxilla-
ryview.Leeetal.[109]describeda“doubledensity”sign,i.e.,
acorticalringvisibleontheAPorY-views.Ifneedbe,CTor
MRIexaminationisundertaken[187,202].Anadvantageof
MRIisasimultaneouscapturingofthestateoftherotatorcuff
andothersofttissuesoftheshoulderjoint.

Osacromialediffersfromafracturebythecourseofthe
fractureline,whichisnotstraightinmostcases(Fig. 15-47).
Osacromialemustbedistinguishedfromanonunionofthe
acromionafterapreviousfracture.Forthisreason,itisuseful
tocheckthepatient’smedicalhistory.

Treatment

Duringthechoiceoftreatment,itisnecessarytodifferenti-
atebetweentraumaticchangesandanunstableatraumaticos
acromiale.

Traumaticseparationrequiresreductionandinternalfix-
ation,preferablybycannulatedscrewsincombinationwith
tensionbandwiring(Fig. 15-51)[74,167].

A symptomatic unstable os acromiale is treated initial-
lynon-operatively, i.e.,bynon-steroidalanti-inflammatory
drugs, adjustmentofphysical activities,physiotherapy,or,
wherenecessary,byalocalcorticosteroidinjection.Should
thesemeasures fail, it becomesnecessary touseoperative
treatment.Asmallerosacromialeisexcisedeitherarthroscop-
ically,orbyanopenprocedure.Largerfragmentsshouldbe
re-fixed,preferablyusinglagscrews[72,175,185,191,197].

Authors’ own series

Inaseriesof519scapularfractures,wefound7(1.3%)cases
ofosacromiale,6 inmenand1 inawoman,withamean
ageof46years.Therightsidewasaffectedin3andtheleft
sidein4cases.In4cases,theosacromialewascoincidental
withscapularbodyfractures,in1casewithfracturesofthe
inferiorglenoidinvolvingtheinfraspinouspartofthescapular
body.In2caseswediagnosedosacromialeinafractureof
thesuperiorscapula: thefirstcasewasacombinedfracture
ofthesuperiorglenoid,thelateralspine,thesuperiorborder

Fig. 15-50 Variability of os acromiale: a+b) incomplete fusion between mesoacromion and metacromion; c) incomplete fusion between metacromion and basiacromion.

a b c

a’ b’ c’



Co
py

ri
gh

te
d 

m
at

er
ia

l

307

16
complex Scapular FracTureS

Fracturesofthescapulaaredivided,accordingtoinvolvement
ofitsindividualanatomicalparts,intofourbasicgroups,i.e.,
fracturesofthescapularbody,theneck,theglenoidandthe
processes.Inaddition,therearecasesinwhichone,ormore,
fracture linespass through several anatomicalpartsof the
scapula. Previously, they were referred to as comminuted, 
ormulti-part fractures [9,12,13,16-19]. Currently,theyare
termed“complex”injuries.However,theirexactdefinitionis
stillawaitedintheliterature.

Inourpreviousstudies,weincludedcomplexfracturesin
thecategoryoftwo-pillarfracturesofthescapularbody,or
totalglenoidfractures[3-5].Thelatestdetailedanalysisof
ourserieshasrevealedthattheseinjurieshavecertainspecific
featuresthatsinglethemoutasaseparategroup.

BaSic cHaracTeriSTicS

Complexscapularfracturesarethemostsevereinjuriestothe
scapula.Theyarecausedbyhigh-energytrauma,leadingto
breakingofbothpillars,withinvolvementofboththesupra-
spinousandinfraspinousfossae.Accordingtoinvolvementof
theglenoid,wedistinguishbetweencomplexextraarticular
andintraarticularfractures.

Extraarticular fractures arealwaysassociatedwithsepa-
rationofthelateralscapularspineasaseparatefragmentfrom
thescapularbody,orofthecoracoidfromtheglenoidfrag-
ment,sometimeswithseparationofboth.Thisisthedifference
betweentheseinjuriesandtwo-pillarfracturesofthescapular

Fig. 16-1 Difference between a two-pillar fracture of the scapular body and a complex extraarticular fracture of the scapula: a) a two-pillar 
fracture of the scapular body, with the lateral scapular spine and the coracoid being part of the glenoid fragment; b) a complex extraarticular 
fracture of the scapula, the lateral scapular spine forms a separate fragment; the glenoid fragment carries only the coracoid; c) a complex 
extraarticular fracture of the scapula combined with a clavicular shaft fracture; the coracoid is separated from the glenoid fragment.

a b c
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Fig. 16-2 A complex intraarticular fracture of the scapula. The glenoid is split into two parts, the upper part is formed by the glenoid, the coracoid and the lateral 
scapular spine.

Fig. 16-3 The glenoid fossa is split into two large fragments and one minor, peripheral fragment (yellow arrow).

Fig. 16-4 Different patterns of glenoid fossa fractures: a) a two-part fracture; b) a three-part fracture; c) a comminuted fracture.

a b c


