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History

THA was described as ‘‘The operation of the century’’ [13].

Despite success of the procedure for patients with idio-

pathic or traumatic degenerative arthritis, hip replacement

for congenital dislocation or subluxation was controversial

as late as the 1970s [3, 6, 8, 13]. Different anatomic

characteristics observed on AP radiographs of the pelvis

historically were used to assess the degree of acetabular

dysplasia. These included acetabular angle of Sharp, center

edge angle of Wiberg, acetabular index of depth to width as

described by Heyman and Herndon [11], acetabular roof

obliquity described by Massie and Howorth [14], femoral

head extrusion index, lateral subluxation, and peak to edge

distance [15]. Crowe et al. described a relatively simple

method to determine degree of hip dysplasia in 1979 [4].

Purpose

The controversy surrounding the indications and tech-

niques for hip arthroplasty in adult patients with

developmental dysplasia of the hip highlighted the need for

a system to gauge the degree of dysplasia. A fair com-

parison among the outcomes for different operative

techniques was possible only with a classification system

for preoperative assessment of the degree of dysplasia.

An ideal staging system should be practical, reproduc-

ible, and provide prognostic estimation. As the normal

anatomy of the hip is distorted in a patient with

developmental hip dysplasia, a practical staging system

should be based on readily identifiable landmarks that will

be affected minimally by the disorder to ensure measure-

ments can be made in a consistent and reliable manner for

patients with diseases across the spectrum.

Crowe’s Classification

Crowe’s classification is based on three easily identifiable

anatomic landmarks: (1) the height of the pelvis; (2) the

medial head-neck junction in the affected hip; and (3) the

inferior margin of the acetabulum (the teardrop).

The measurements are made on AP radiographs of the

pelvis. The reference line is drawn joining the inferior

margins of each teardrop. The medial head-neck junction is

identified and its distance from the reference line is noted.

In the absence of subluxation this distance is close to zero.

This distance was described as a measure of the degree of

dysplasia by Crowe et al. [4]. According to the original

investigation, the height of the pelvis is measured as the

vertical distance from the highest point on the iliac crest to

the inferior margin of the ischial tuberosity. The normal

ratio of vertical diameter of the femoral head to the height

of the pelvis was approximately 1:5 [4]. A hip was con-

sidered subluxated 50% or greater only if the medial head-

neck junction was situated above the reference line by at

least 10% of the measured height of the pelvis.

Taking into account these relative measurements, dys-

plastic hips are classified based on the amount of

subluxation: Group 1, \ 50% subluxation; Group 2, 50%–

75% subluxation; Group 3, 75%–100%, and Group

4, [ 100% subluxation (Table 1) [4]. This is the most

commonly used classification system for dysplastic hips in

adult patients.
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Another commonly used classification system for

developmental dysplastic hips in adults is that described by

Hartofilakidis et al. in 1988 [9], who classified dysplasia in

three groups based on anatomic correlations (Table 2). In

this system a hip either is considered as dysplastic or as

dislocated. A hip is classified as dysplastic when the fem-

oral head is contained in the original acetabulum despite

the degree of subluxation. For dislocated hips two distinct

patterns of dislocations were outlined. A hip is classified as

a low dislocation when the femoral head articulates with a

false acetabulum which partially covers the true acetabu-

lum to a varying degree. A high dislocation was defined as

the femoral head that is completely out of the true ace-

tabulum and migrated superiorly and posteriorly to a

varying degree.

In addition to these two commonly used classification

systems, other classification systems have been proposed

[7, 12]. Eftekhar classified dysplastic hips in four types: A

through D [7]. Type A is a slightly elongated dysplastic

acetabulum accommodating a flattened mushroom-shaped

femoral head, Type B is intermediate dislocation, Type C

is high dislocation, and Type D is an old, unreduced

dislocation. Kerboul et al. [12] classified dysplastic hips

in three categories: Type A, anterior dislocation; Type B,

intermediate dislocation; and Type C, posterior

dislocation.

Reliability

High levels of interobserver and intraobserver reliability

have been reported using Crowe’s classification. Yian-

nakopoulos et al. reported kappa coefficients as high as

0.92 and 0.95 for interobserver and intraobserver reliabil-

ities, respectively [16], and Decking et al. reported kappa

coefficients of 0.82 and 0.86 for interobserver and intra-

observer reliabilities, respectively [5]. These two

investigations compared the classifications of Crowe et al.

and Hartofilakidis et al. for dysplasia for reliability.

Although Crowe’s classification had higher kappa coeffi-

cients for reliability in both investigations, the difference

was not clinically meaningful. Both investigations con-

cluded that both classification systems are reliable.

Others have examined the reliability of the classification

systems of Eftekhar and Kerboul et al. [1]. Although both

classification systems showed sufficient reliability, they

were less reliable when compared with Crowe’s classifi-

cation system. Brunner et al. recommended using the

classification systems of Crowe et al. or Hartofilakidis et al.

to assess the severity of hip dysplasia [1].

Validity for classification systems refers to the inherent

ability of the proposed system to measure what it is sup-

posed to measure. Validity has not been formally

investigated for Crowe’s classification, as it measures

radiographic findings pathognomonic and unique to dys-

plastic hips. However, the influence of Crowe’s rating on

the outcome of THA for patients with congenital dysplasia

was investigated by Cameron et al. [2]. They concluded

that the complication rate increased with an increase in

Crowe’s rating, validating its prognostic significance.

Limitations

The main limitation of Crowe’s classification system is the

lack of correlation of the rating system with anatomy as

Table 1. Crowe’s classification

Group Description

I Subluxation \ 50% or proximal dislocation \ 0.1% of the

pelvic height

II Subluxation 50%–75% or proximal dislocation of 0.1% to

0.15% of pelvic height

III Subluxation 75%–100% or proximal dislocation of 0.15% to

0.20% of pelvic height

IV Subluxation [ 100% or proximal dislocation of [ 0.20% of

pelvic height

Table 2. Hartofilakidis classification

Type Description Anatomic correlation as verified during surgery

Dysplasia The femoral head is not dislocated out

of the acetabulum despite the degree

of subluxation

Segmental deficiency of the superior wall,

secondary shallowness attributable

to fossa-covering osteophytes

Low dislocation The femoral head is dislocated and articulates

with a false acetabulum which partially covers

the true acetabulum to a varying degree

Complete absence of the superior, anterior,

and posterior segmental deficiency, narrow opening,

and inadequate depth of the true acetabulum

High dislocation The femoral head is dislocated and has migrated

superiorly and posteriorly with no articulation

with any part of the true acetabulum

Segmental deficiency of the entire acetabulum

with narrow opening, inadequate depth, excessive

anteversion, abnormal distribution of bone stock,

mainly located anteroposteriorly in relation

to the true acetabulum
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seen during surgical exposure. This arises because Crowe’s

classification is a 2-D assessment of a 3-D problem. This

limitation was addressed by Hartofilakidis et al. with their

classification system (Table 2) [10]. They used 3-D CT to

investigate four parameters of acetabular anatomy: (1)

segmental deficiencies in the rim of the acetabulum supe-

riorly, anteriorly, and posteriorly; (2) the amount of

anteversion and the depth and opening, ie, the distance

between the anterior and posterior rim of the true acetab-

ulum; (3) the amount of acetabular bone stock superiorly,

anteriorly, and posteriorly; and (4) the presence of osteo-

phytes in the area of the true and false acetabula. Anatomic

correlations are shown in Table 2.

Conclusions/Uses

Crowe’s classification system for dysplastic hips is reliable,

reproducible, and related to prognosis of patients with THA

who have developmental hip dysplasia [2]. It is well

accepted and widely used for classification by orthopaedic

adult reconstruction surgeons worldwide. However, the

classification system of Hartofilakidis et al. is similarly

reliable and a combination of both classification systems

probably would be most useful for clinical decision-making.

References

1. Brunner A, Ulmar B, Reichel H, Decking R. The Eftekhar and

Kerboul classifications in assessment of developmental dysplasia

of the hip in adult patients: measurement of inter- and intraob-

server reliability. HSS J. 2008;4:25–31.

2. Cameron HU, Botsford DJ, Park YS. Influence of the Crowe

rating on the outcome of total hip arthroplasty in congenital hip

dysplasia. J Arthroplasty. 1996;11(5):582–587.

3. Charnley J, Feagin JA. Low-friction arthroplasty in congenital

subluxation of the hip. Clin Orthop Relat Res. 1973;91:98–113.

4. Crowe JF, Mani VJ, Ranawat CS. Total hip replacement in

congenital dislocation and dysplasia of the hip. J Bone Joint Surg
Am. 1979;61:15–23.

5. Decking R, Brunner A, Decking J, Puhl W, Gunther KP.

Reliability of the Crowe und Hartofilakidis classifications used in

the assessment of the adult dysplastic hip. Skeletal Radiol.
2006;35:282–287.

6. Dunn HK, Hess WE. Total hip reconstruction in chronically

dislocated hips. J Bone Joint Surg Am. 1976;58:838–845.

7. Eftekhar NS. Total Hip Arthroplasty, 2nd ed. St Louis, MO:

Mosby; 1993:927.

8. Harris WH, Crothers O, Oh I. Total hip replacement and femoral-

head bone-grafting for severe acetabular deficiency in adults.

J Bone Joint Surg Am. 1977;59:752–759.

9. Hartofilakidis G, Stamos K, Ioannidis TT. Low friction

arthroplasty for old untreated congenital dislocation of the hip.

J Bone Joint Surg Br. 1988;70:182–186.

10. Hartofilakidis G, Stamos K, Karachalios T, Ioannidis TT,

Zacharakis N. Congenital hip disease in adults: classification of

acetabular deficiencies and operative treatment with acetabulo-

plasty combined with total hip arthroplasty. J Bone Joint Surg
Am. 1996;78:683–692.

11. Heyman CH, Herndon CH. Legg-Perthes disease; a method for

the measurement of the roentgenographic result. J Bone Joint
Surg Am. 1950;32:767–778.

12. Kerboul M, Mathieu M, Sauzieres P. Total hip replacement for

congenital dislocation of the hip. In: Postel M, Kerboul M, Evard

J, Courpied JP, eds. Total Hip Replacement. Berlin, Germany;

Springer; 1987:51–66.

13. Learmonth ID, Young C, Rorabeck C. The operation of the

century: total hip replacement. Lancet. 2007;370:1508–1519.

14. Massie WK, Howorth MB. Congenital dislocation of the hip. Part

I. Method of grading results. J Bone Joint Surg Am. 1950;32-

A(3):519–531.

15. Umer M, Sepah YJ, Asif S, Azam I, Jawad MU. Acetabular

morphometery and prevalance of hip dysplasia in the South Asian

population. Orthop Rev. 2009;1:e10.

16. Yiannakopoulos CK, Chougle A, Eskelinen A, Hodgkinson JP,

Hartofilakidis G. Inter- and intra-observer variability of the

Crowe and Hartofilakidis classification systems for congenital hip

disease in adults. J Bone Joint Surg Br. 2008;90:579–583.

308 Jawad and Scully Clinical Orthopaedics and Related Research1

123


	In Brief: Crowe’s Classification: Arthroplasty in Developmental Dysplasia of the Hip
	History
	Purpose
	Crowe’s Classification
	Reliability
	Limitations
	Conclusions/Uses
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


