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Role of the limbus in femoral-head
deformation in developmental dislocation of

the hip: findings of two-directional hip
arthrography.∗

Shinosuke Hara, Hirofumi Akazawa, Shigeru Mitani, Ko Oda, and Hajime Inoue

Abstract

Two-directional arthrographic findings made during conservative treatment of developmental
dislocation of the hip were compared with the femoral-head configurations and radiological re-
sults obtained from long-term follow-up examinations in this retrospective study. Sixty hips were
followed until at least age 14. Arthrography was carried out according to Terazawa’s method. The
shape of the superior, anterior, and posterior limbus was evaluated based on a modified Fujii’s
classification. The femoral-head configuration was classified into 4 groups, and the radiological
results were evaluated using Severin’s classification at the final observation. There was a statis-
tically significant relationship between the shape of the anterior limbus, the number of portions
of deformed limbus (superior, anterior, posterior), and the femoral-head configuration. Also, a
statistically significant relationship between the shape of the limbus and Severin’s classification
was observed. These results suggest that the deformed limbus seems to play an important role in
triggering femoral-head deformities, possibly via mechanical compression, and negatively affects
development of the hip joint.
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RoleoftheLimbusinFemoral-headDeformationin
DevelopmentalDislocationoftheHip:

FindingsofTwo-directionalHipArthrography

SeinosukeHara,HirofumiAkazawa,ShigeruMitani,
KoOda,andHajimeInoue

DepartmentofOrthopaedicSurgery,OkayamaUniversityMedicalSchool,
Okayama700-8558,Japan

Two-directionalarthrographicfindingsmadeduringconservativetreatmentofdevelopmental
dislocationofthehipwerecomparedwiththefemoral-headconfigurationsandradiologicalresults
obtainedfrom long-term follow-upexaminationsinthisretrospectivestudy.Sixtyhipswere
followeduntilatleastage14.ArthrographywascarriedoutaccordingtoTerazawa’smethod.The
shapeofthesuperior,anterior,andposteriorlimbuswasevaluatedbasedonamodifiedFujii’s
classification.Thefemoral-headconfigurationwasclassifiedinto4groups,andtheradiological
resultswereevaluatedusingSeverin’sclassificationatthefinalobservation.Therewasastatistically
significantrelationshipbetweentheshapeoftheanteriorlimbus,thenumberofportionsof
deformedlimbus(superior,anterior,posterior),andthefemoral-headconfiguration.Also,a
statisticallysignificantrelationshipbetweentheshapeofthelimbusandSeverin’sclassificationwas
observed.Theseresultssuggestthatthedeformedlimbusseemstoplayanimportantrolein
triggeringfemoral-headdeformities,possiblyviamechanicalcompression,andnegativelyaects
developmentofthehipjoint.

Keywords:femoral-headdeformity,developmentaldislocationofthehip,arthrographicfindings

T heLorenzmethodforinitialconservativetreat-
mentfordevelopmentaldislocationofthehipat

theauthors’hospitalwasgraduallyreplacedbyuseofthe
Pavlikharnessduringthe1970s.ThePavlikharness
markedlyreducedtheincidenceoffemoral-headdeformity
(FHD)afterconservativereduction,althoughtheoccur-
rencehasnotbeeneliminatedentirely.Somepatientswith
FHD,accompanyingacetabulardysplasia,andjoint
incongruity,havedevelopedprogressiveosteoarthritis
［1］.Thefocusofthecurrentconservativetreatmentis

toachievereductionthatavoidsFHD.Bucholzand
OdgenaswellasKalamchiandMacEwenhaveshown
thatFHDoccurredasaresultofcirculatorydisturbance
ofnutrientbloodvesselsintheproximalfemoralepiphysis
［2,3］.However,insomepatientsFHDcannotbe
explainedbycirculatorydisturbancealone.Gotohand
Andohavedemonstratedthatthemechanicalinjuryofthe
epiphysisofthefemoralheadinpigsoccurredwithout
circulatorydisturbance［4］.Theresultsofsomestudies
havesuggestedthataninvertedandinterposedlimbus
couldcauseFHD［5,6］.ThecausesofFHD,however,
remainelusive.Itisclearthatifmechanicalcompression
playsnoroleinFHD,therewouldbenosignificant
dierenceinhip-jointcongruitybetweengroupswithand
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withoutFHD.Assuch,thecurrentretrospectivestudy
wasconductedusingtwo-directionalarthrographyto
investigatetheroleoftheacetabularlimbusinthedevelop-
mentofFHD.

PatientsandMethods

Theauthorsobtainedtwo-directionalarthrographs
from175patients,bornbetween1974and1990with202
aectedhips(148unilateral,27bilateral)thatunderwent
closedreductionatOkayamaUniversityMedicalSchool.
Thesepatientshadsubsequentlydevelopedresidualsub-
luxation,acetabulardysplasia,orgrowthdisturbanceof
theproximalfemoralepiphysis.Sixty-onehipsthathad
anenlargedfemoral-headligamentormembranoussub-
stanceintheirarthrograph,andthathadundergone
surgicaltreatmentatanearlystagewereexcludedfrom
thecurrentstudy.Patientswithneuromusculardisease
andteratologicaldislocationwerealsoexcluded.Ofthe
remaining141,60hips(39unilateral,6bilateral,9one
sideofbilateral),whichwerefolloweduntilapatientage
of14ormoreyears,werestudied.Therecallratewas
49.1 .
Ofthepatientsincluded,therewere3boysand51

girls.Themeanageatthefirsttreatmentwas7months
(range:2-20months).Themeanageatthelastfollow-up
was18years(range:14-24years).Themeanfollow-up
periodwas12years(range:3-23years).
Thedataregardingreductionmethods,ageatreduc-

tion,ageatarthrography,andageatthefinalfollow-up
wereobtainedfromtheirclinicalrecords.Two-directional

arthrographyofthehipwasperformedbyTerazawa’s
method［7,8］.Thesuperiorlimbuswasassessedin
anteroposterior(AP)viewinaflexion-abductionposition,
andtheanteriorandposteriorlimbiwereassessedin
lateralviewinthesameposition.Theauthorsevaluated
theshapesofthelimbusaccordingtotheirmodificationof
Fujii’sclassification［9］,astheoriginalclassificationwas
basedonpostoperativepatients.Themodificationsare
showninFig.1.Thesuperiorlimbuswasclassifiedinto
oneoffourtypes.Type1limbusconformedwelltothe
cartilagesurfaceoftheacetabulumandwasnormalinits
border,andType2limbuswasingoodcontactwellwith
thefemoralhead,butitsborderwasblunt.Type3
limbuscontactedthefemoralhead,butwasflattened,and
Type4limbusdidnotcontactthefemoralheadduetoan
inversionordeformityofthelimbus.Theanteriorand
posteriorlimbiwereclassifiedasoneofthreetypes.In
TypeA,thelimbuswasingoodcontactwiththefemoral
head,anditsborderwasnormalinappearance.InType
B,theborderofthelimbusappearedblunt.InTypeC,
thelimbusdidnotcontactthefemoralheadduetoinver-
sionordeformityofthelimbus.Inlateral-viewarthro-
graphs,acollapseonthefemoralheadfacingtheinverted
anteriorlimbuswasrecordedashavinga“compressed
appearance”［10］.Thecorrespondinglimbuswouldbe
classifiedasType3or4inthesuperiorandasTypeC
intheanteriorandposteriorlimbi.
Radiologicalassessmentsofthehipwereevaluatedon

theplainAPradiographsatthelatestfollow-up.The
shapeoftheproximalfemurwasclassifiedasfollows(Fig.
2).Intheundeformedgroup,thefemoralheadwas
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Fig.1 Arthrographicclassificationoflimbus.

2

Acta Medica Okayama, Vol. 56 [2002], Iss. 2, Art. 5

http://escholarship.lib.okayama-u.ac.jp/amo/vol56/iss2/5



totallyroundedandwithoutashortenedfemoralneck.In
groupI,thefemoralheadandneckgrowthwasdisturbed
inthelongaxis,butthearticulo-trochanterdistancewas
positive.IngroupII,severegrowthfailureinthe
epiphysisandmetaphysis,asincoxaplana,wasobserv-
ed,andthearticulo-trochanterdistancewaszeroor
negative.IngroupIII,thegrowthwasdisturbedin
lateralmetaphysisratherthanmedial,asincoxavalga.
Theanatomicalresultswereevaluatedaccordingto
Severin’sclassification［11］.GroupsIandIIwere
regardedasgood,andgroupsIIIandIV aspoor.
Radiographstakenjustbeforesurgerywereusedfor
evaluationinpatientsundergoingsurgicalintervention
afterskeletalmaturation.
Thedatafromclinicalrecordswerestatisticallyana-

lyzedwiththeunpairedt-test,andthedatafromradio-
graphswithSpearman’srankcorrelation.Toanalyze
statisticalcorrelationsregardingFHDwiththisranking
scalemethod,theFHDclassificationneededtobechang-
edtoarankingscalefrom acategoricalscale.The
authors’groupIIIdeformitywasnotappropriateasa
rankingscale,asthisdeformitywaslocalizedinthelateral
partofthefemoralhead.Theauthorsthereforeexcluded
groupIIIfrom theFHD classification.A P value
of＜0.05wasconsideredstatisticallysignificant.

Results

Allhipsweredividedinto2groupsbasedontheplain
APradiographsatthefinalexamination.Thirty-onehips
wereassignedtotheundeformedgroup,andtheother29
hipstothedeformedgroup(groupI:20hips,groupII:
7,groupIII:2).Themeanageatreductionwas6
months(range:2-19months)intheundeformedgroup
and,7months(range:2-20months)inthedeformed

group.Theundeformedgroupconsistedof27complete
dislocationsand4subluxations,whilethedeformedgroup
consistedof25completedislocationsand4subluxations.
Intheundeformedgroup,11hipsweretreatedbymanual
reductionfollowedbyfixationinaflexion-abduction
position(4withcasts,7withbraces),and20usingthe
Pavlikharness.Therefore,inthedeformedgroup,10
werereducedmanipulativelyandfixedinaflexion-
abductionposition(7withcasts,3withbraces)and19
withthePavlikharness.Themeanageatarthrography
was5years(range:5months-13yearsand4months)
intheundeformedgroupand5yearsand5months
(range:8months-16yearsand4months)inthe
deformedgroup.Themeanageatthefinalexamination
was18years(range:14-24years)intheundeformed
groupand18years(range:14-29years)inthedeformed
group.Tenpatientsincludedinthecurrentstudyhad
initiallybeentreatedatothermedicalfacilities,andsome
detailsofthattreatmentsuchastheperiodoffixationafter
reductioncouldnotbestudied.Therewerenostatistically
significantdierencesbetween theundeformed and
deformedgroupsregardingtheseitems.Nevertheless,a
comparisonandevaluationofthese2groupswasthought
tobepossible.

Inthesuperiorlimbus,
16 (5outof31)oftheundeformedgroupwasType3
or4,aswas34 (10outof29)ofthedeformedgroup.
Intheanteriorlimbus,19 (6outof31)ofthe
undeformedgroupwasTypeC,aswas66 (19outof

Femoral-headDeformityinDevelopmentalDislocatedHipApril2002

Fig.2 Typicaldeformationofthefemoralhead.

Table1 Classificationoflimbusandfemoral-headshape

Classification
oflimbus

Femoral-headgroups

UD I II III

1 16 10 1 1
2 10 5 1 1

Superior
3 3 3 3 0
4 2 2 2 0

A 12 4 1 0
Anterior B 13 8 0 0

C 6 8 6 2

A 20 12 1 0
Posterior B 11 8 5 2

C 0 0 1 0

UD,undeformed
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29)ofthedeformedgroup.Intheposteriorlimbus,none
wereinvertedintheundeformedgroup,andonlyonewas
TypeCinthedeformedgroup.Intheanteriorlimbus,
therewasastatisticallysignificantdierencebetweenthe
undeformedanddeformedgroups(P＝0.0055),and
thereweresignificantcorrelationsbetweentheshapeof
theanteriorlimbusandthefemoral-headconfiguration
(P＝0.0048).Inthesuperiorandposteriorlimbi,there
wasnosignificantcorrelationwiththefemoral-head
configuration.Asforwholelimbus,22hipshadno
deformedportionsofthelimbus,7hadonedeformed
portion,2had2deformedportions,andnonehad3
deformedportionsintheundeformedgroup.However,in
thedeformedgroup,only7hipshadnodeformed
portions,18hadonedeformedportion,3had2deformed
portions,and1had3deformedportions(Table2).There
wasasignificantcorrelationbetweenthenumberof
portionsofflattenedorinvertedlimbusandthefemoral-
headconfiguration(P＝0.0001).Intheundeformed
group,13 (4outof31),and38 (11outof29)inthe
deformedgroupshowedacompressedappearanceatthe
femoralhead,buttherewasnosignificantdierence
betweenthe2groups.

Intheundeformedgroup,
11hipswereclassifiedasSeverin’sgroupI,noneas
groupII,18asgroupIII,and2asgroupIV.Inthe
deformedgroup,nonewereclassifiedasgroupI,6as
groupII,13asgroupIII,and10asgroupIV.Therate
forpositivegoodresultswas28.3 (17outof60)ofthe
total.InthehipswithsuperiorlimbusclassifiedasType
3or4,75 (12outof16)wereevaluatedashavingpoor
results,andallhipsexceptoneclassifiedasType4had
poorresults.Inthehipswithanteriorlimbusclassifiedas
TypeC,82 (18outof22)hadpoorresults.There
weresignificantcorrelationsbetweentheshapeofthe

anteriorlimbusandSeverin’sclassification(P＝0.017).
ThecorrelationbetweenSeverin’sclassificationandthe
numberofdeformedportionsofthelimbus,classifiedas
Type3or4inthesuperiorlimbus,TypeCinthe
anteriorandposterior,canbeobservedinTable3(P＝
0.008).

Discussion

Thepurposeofthepresentstudywastoassessthe
possibilityofmechanicalcompressionbythelimbus.
Generally,thesuperiorlimbusisevaluatedintheneutral
position.Toobservethecorrelationbetweenthelimbus
andfemoralhead,theauthorsevaluatedthesuperior
limbusfromtheAPviewintheflexion-abductionposition
aswellasfromthelateralview.Inthisretrospective
study,theauthorsfoundasignificantcorrelationbetween
thelimbusshapeandthedegreeofFHD.Theanterior
limbuswasinvertedin19 oftheundeformedgroupand
66 ofthedeformedgroup.PossiblecausesofFHD
havebeenspeculateduponinmanystudies.Tonnishad
summarizedthecausesofischemicnecrosisasfollows:
thecirculatoryocclusionofthenutrientvessels,direct-
pressuredamagetothemedialcircumflexartery,andthe
circumscribedpressureofthesoftstructure［6］.Bucholz
andOdgenaswellasKalamchiandMacEwenhave
shownthatFHDoccursasaresultofcirculatorydisturb-
anceofnutrientbloodvesselsintheproximalfemoral
epiphysis［2,3］.BecauseinsomepatientstheFHD
couldnotbeexplainedbycirculatorydisturbancealone,
theauthorslookedforotherpossiblecontributoryfactors.
Intra-articularcompressivefactorsatthereductionsite
areconsideredtobeprimarilyinvertedlimbusandhyper-
trophiedligamentumteres.Theauthorsexcludedthe
patientsforwhomconcentricreductionwasobstructedby

Table2 Numberofdeformedlimbusportionsandclassificationof
femoral-headshape

Numberof
deformedlimbus
portions

Femoral-headgroups

UD I II III

0 22 7 0 0
1 7 13 3 2
2 2 0 3 0
3 0 0 1 0

UD,undeformed

Table3 NumberofdeformedlimbusportionsandSeverin’sclassi-
fication

Numberofdeformed
limbusportions

I II III IV

0 8 2 18 1
1 2 4 11 8
2 1 0 2 2
3 0 0 0 1
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interpositionofhypertrophiedligamentumteresormem-
branoustissuesintheacetabularfloorinarthrography,as
patientswhohadundergoneopenreductionwereconsid-
eredtonotbesuitablesubjectsforthecurrentstudy.
Hattorietal.havereportedthatthelimbusshapeisnot
directlyrelatedtotheincidenceofavascularnecrosis
basedonrepeatedarthrographs［12］.However,they
onlyevaluatedthesuperiorlimbus.Theauthorsused
two-directionalarthrographyinthecurrentstudy,which
isabletoassesstheconfigurationofthesuperior,anterior
andposteriorlimbus.Infact,25 (15outof60)ofthe
hipsexaminedwereevaluatedasType3or4inthe
superiorlimbus,whereas47 (25outof60)were
evaluatedTypeCintheanteriorlimbus.Theanterior
portionmightbeimportantinevaluatingthecongruityof
thehipjointatdiagnosisandduringconservativereduc-
tion.Hiraihasreporteda“compressedappearance”of
theinvertedanteriorlimbus,consistingofthebi-polar
FHDcompressedbytheanteriorlimbus,inhisoperative
findings［10］.Invitro,Grecoetal.hadshownthatthe
growth-platecartilageoftheNewZealandwhiterabbitcan
beinjuredbyexcessiveforce,evenifloadingoccursfor
onlyashorttime［13］.Moreover,GotohandAndo
havedemonstratedthatthekneemenisciinsertingintothe
pig’shipcaninjuretheproximalfemoralepiphysiswithout
circulatorydisturbance［4］.Mitanietal.havefoundthat
patientswhosefemoralheaddoesnotcompletelyover-ride

theposteriorlimbusintwo-directionalarthrographyhave
moresevereFHD［8］.Theauthors’presentfindings
thusstronglysuggestthattheinvertedlimbuscompress
thefemoralheadandmaycontributetothedevelopment
ofFHD.
Severinhasreportedthatmanylimbiareinterposed

betweenthefemoralheadandacetabulum,andare
graduallyremodeledafterreductioninrepeatedhiparthro-
graphs［14］.However,arthrographicfindingsinthe
currentstudyshowedthattheinterposedlimbiarechang-
edtovariousformsafterreduction.Stahelietal.have
shownanincidenceofavascularnecrosisof15 in
groupswithandwithoutaninvertedlimbus［15］.Other
studieshavesuggestedthataninvertedandinterposed
limbuscancauseFHD［5,6］.However,theyonly
evaluatedthelimbipriortoreduction.Ponsetihasshown
histologicallythatalabrumcoveringtheacetabularcarti-
lagewasveryhypertrophicandinverted,consisting
primarilydegenerativefibrocartilage［16］.Thelimbus
withhighplasticitymaynormalizeitself,whileonewith
lowplasticitymayremaininverted.Theinvertedlimbus
mightplayarolesimilartothatofthekneemenisciin
Gotoh’sexperimentatreduction.CarliozandFilipealso
havesuggestedthatwhentreatmentisimperfect,inver-
sionofthelimbusisfrequentandirreversible,andthat
thisconditionisprovokedbypressureofthefemoral
epiphysisonthelimbus［17］.Inthecurrentstudy,there

Fig.3 Radiographsof20-year-oldwomanwhohadaleftsubluxatedhiptreatedwithaPavlikharnessat4monthsold,andarthrography
wasperformedatanageof2yearsand1month.a,SuperiorlimbuswasclassifiedasType1.b,AnteriorLimbuswasTypeC,posterior
wasTypeB.c,Atthelatestfollow-up,thehipjointwasevaluatedasSeverin’sgroupII,withthefemoralheadclassifiedasgroupI.
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wassignificantcorrelationbetweentheassessmentofthe
limbus,especiallytheanteriorlimbusandthenumberof
portionsoftheinvertedlimbus,andFHD.Iftheplastic-
ityofthelimbusmightbedefinedasthepotentialfor
remodeling,thedegreeofdegenerationinthelimbus’s
fibrocartilagemayreflectthequalityofthatplasticityin
thefollowingmanner.Theepiphysealcartilagecom-
pressedbythelow-plasticitylimbuswillbringabouta
growthdisturbanceofthefemoralhead,asingroupI
(Fig.3).Whenthefemoralheadreceivesstronger
mechanicalcompression,awiderportionisinjuredand
thegrowthdisturbancespreadsasfarasthefemoralneck,
resultingincoxaplana,asingroupII(Fig.4).The
authors’groupIIIdeformityoccurswhenthegrowth
disturbanceislocalizedinthelateralpartofthefemoral
head.
Basedonthefindingsofthecurrentstudy,itappears

thatthesuperiorandposterioraswellastheanterior
portionofthelimbusplayarole,probablyviacompres-
sion,inthedevelopmentofFHDofthehipjoint.
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