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Periprosthetic fractures are an increasingly common complication following joint 
replacement. The principles which underpin their evaluation and treatment are common 
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approach to treatment, regardless of the bone that is broken or the joint involved.
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Introduction
Periprosthetic fractures are an increasingly
common complication of joint replacement.
They are difficult to manage and may have a
poor outcome. They were the third most com-
mon indication for revision surgery in the
Swedish Hip Registry in 20111 and only
slightly less common in others, such as in the
United Kingdom and Australia.2,3 It is there-
fore important to establish the principles of
management which are most likely to provide
the greatest chance of a satisfactory outcome.
This requires a brief comprehensive classifica-
tion system on which to base algorithms of
treatment.

Various systems have been adopted, not
only as they apply to different bones and
joints, but in some cases, as with the patella,
with multiple systems relating to only one
bone.4-7 It is important to dispense with classi-
fication systems when they have become
redundant or have been replaced with another
which is more relevant to clinical practice. We
recently prepared an introductory chapter to a
textbook on periprosthetic fractures,8 and
used that opportunity to incorporate what has
been learnt over the years into a new Unified
Classification System (UCS) covering the man-
agement of all periprosthetic fractures. We pre-
sent here an overview of the UCS. For more
detailed information and its wider application
across the musculoskeletal system, the reader is
directed to the original publication.8 

Case example
A middle-aged patient presents following a
substantial injury some years after total hip
replacement. Radiographs show a fracture of
the acetabulum with pelvic discontinuity and

of the femur, loose implants and substantial
bone deficiency (Fig. 1).
The types. Type A is a fracture of an apophysis
or protuberance of bone, to which one or more
soft-tissue structures are attached. Examples in
relation to a joint replacement include the tro-
chanters of the femur and the tuberosities of
the humerus. The principles of treatment are
common to all and will be outlined below.

Type B involves the bed supporting or adja-
cent to an implant. Examples include a fracture
of the femoral shaft around a stem, or one
affecting the patella which has been resurfaced.
The principles of treatment are again common
to all, but the fracture first requires sub-classi-
fication, so that the appropriate principles are
chosen: 

B1 The implant is still well fixed; B2 The
implant is loose; B3 The implant is loose and
the bone bed is of poor quality because of oste-
olysis, osteoporosis, or comminution. 

This sub-classification is fundamental to the
original Vancouver Classification System.9

Type C involves a fracture which is in the
bone containing the implant, but distant from
the bed of the implant. The most common
example affects the femur distal to a femoral
stem. Other examples include the shaft of the
tibia below a knee replacement or the hemi-
pelvis adjacent to a hip replacement without
extension into the acetabulum. 

Type D is a fracture affecting one bone
which supports two replacements, such as
the humerus following shoulder and elbow
replacement, or the tibia following knee
and ankle replacement. This type is increas-
ing in prevalence. The most common exam-
ple involves the femur after hip and
knee replacement.
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Type E involves two bones supporting one replacement.
The most common example involves the acetabulum and
femur after hip replacement (Fig. 1). Other examples
include the femur and tibia after knee replacement or the
humerus and ulna after elbow replacement. 

Type F is an uncommon fracture involving a joint surface
which is not resurfaced or replaced, but is directly articulat-
ing with an implant. The most common example of this
type involves the acetabulum following hemi-arthroplasty
of the hip. Other examples include the glenoid after hemi-
arthroplasty of the shoulder, or the patella after knee
replacement in which the patella was not resurfaced. This
type of fracture can, in current practice, only affect the gle-
noid, lateral humeral condyle, acetabulum or patella.

The principles of treatment 
Type A: Two questions need to be answered: 

1) How important is the attached soft tissue to the health
and function of the adjacent joint replacement?

2) Is the fracture displaced? 
If the attachments are unimportant, the fracture may be

safely observed, even if displaced. Examples include the
coracoid process and the lesser trochanter. If they are
important, such as the supraspinatus to the greater tuberos-
ity of the humerus or the quadriceps to the superior pole of
the patella, especially if displaced, early intervention should
be considered. Other examples in which intervention
should be considered include the greater trochanter and tib-
ial tuberosity.

Type B: Management is determined by the subtype. If it is
a B1, which is the least common subtype, where sound fix-
ation of the implant is assured, management would depend

on the already documented outcomes of operative or non-
operative treatment of that particular type of fracture. For
example, a fracture of the femur around a well fixed prox-
imally-coated stem would be best managed by reduction
and fixation using the principles of indirect reduction and
minimally invasive plate osteosynthesis (MIPO).10,11 If B2,
and the surrounding quality of bone will permit it, revision
with a longer stem is a common approach. In the case of B3,
a more complex reconstruction should be considered with
extensive pre-operative planning. 

Type C: If sufficiently distant from the bed of the
implant, the implant can be ignored and the fundamental
principles of management would follow those employed as
if the implant was not present. But some specialised tech-
niques may have to be used, as with the B1 subtype, if the
hardware required for fixation will extend to the bed of the
implant, such as cerclage cables and unicortical screws.

Type D: The term ‘block out analysis’ has been coined for
this uncommon type. For the most common example,
which involves the femur between a hip and knee replace-
ment, block out the knee and ask ‘what type of fracture is
this for the hip?’. Next, block out the hip and ask the same
question with reference to the knee. A rational approach
can then be planned based on this analysis, which may
involve revision of one, both or neither joint replacement.
For instance, a fracture of the femoral shaft, between well-
functioning and well-fixed hip and knee replacements
(Type C for each), would employ reduction and fixation by
MIPO, if feasible, without the need to disturb either
replacement (Figs. 2 and 3).

Type E: In this case, a block-out analysis of each fracture
should be undertaken in relation to each component of the

Fig. 1

Anteroposterior radiograph of
the left hip and proximal femur
following significant injury some
years after total hip replacement.
(Copyright by AO Foundation,
Switzerland8 reproduced with
permission).

Fig. 2a

a) Anteroposterior and b) lateral radiographs of the hip, femur
and knee after injury some time following a hip hemiarthro-
plasty and knee replacement. They illustrate a UCS Type D
fracture: dividing a single bone which supports two arthro-
plasties. Block-out analysis reveals it is a Type C for each joint.

Fig. 2b
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joint replacement and from that a logical treatment plan
can be developed (Fig. 1).

Type F: In the case of the most common example, which
is a fracture of the acetabulum after hemi-arthroplasty of
the hip, where the displacement is minimal, it would
be appropriate to take a non-operative approach with pro-
tected weight-bearing, using the implant as a mould
(Fig. 4). A delayed and relatively straightforward conver-
sion to total hip replacement could be considered later if
there are persistent symptoms. If the initial displacement is
substantial, early intervention should be considered, unless
the patient is suffering from dementia and not able to co-
operate, or is not walking and in a fragile state of general
health (Fig. 5). Similar principles would apply to the native

glenoid after hemi-arthroplasty of the shoulder or an unre-
surfaced patella, even if only slightly displaced, or a lateral
humeral condyle articulating with a radial head implant.

The UCS mnemonic
In order to assist with recall, this simple guide is offered. 

Type A, Apophyseal; Type B, Bed of the implant; Type C,
Clear of the implant; Type D, Dividing one bone which sup-
ports two joint replacements; Type E, Each of two bones
supporting one joint replacement; and Type F, Facing or
articulating with an implant.
Applying the classification to the case example. Figure 1 dem-
onstrates a UCS Type E periprosthetic fracture following
hip replacement. Both bones supporting one joint replace-
ment are involved. Block-out analysis indicates that this is a
Type B3 of the acetabulum (bed of the implant, loose com-
ponent and substantial bone loss) and a Type B2 of the
femur (bed of the implant, loose component, but adequate
bone to support a non-complex revision). The broad prin-
ciples of treatment would involve a complex reconstruction
of the acetabulum and a long stem revision of the femur,
along with stabilisation of the fractures and bone grafting. 

The specifics of how this would be achieved would be
dependent on an individual surgical team’s experience and
available facilities and, not surprisingly, would provoke
healthy debate among experts. That is how it should be;
otherwise our knowledge in this complicated area will not
be advanced. The management of periprosthetic fractures
will change with the passage of time, in order to keep
pace with evolving knowledge, surgical techniques and
technology, and also should be modified in response to the
results of outcome studies. In contrast, the guiding

Fig. 3a

a) Anteroposterior and b) lateral radiographs of the
hip, femur and knee after operation. The UCS Type
D fracture was managed by indirect reduction and
minimally invasive plate osteosynthesis without
need to disturb the implants.

Fig. 3b

Fig. 4

Anteroposterior radiograph of the pelvis and proximal
femur after a minor injury some time following a bipolar
hip hemiarthroplasty for subcapital fracture. It reveals a
mildly displaced UCS Type F fracture of the acetabulum.
(Copyright by AO Foundation, Switzerland8 reproduced
with permission)

Fig. 5

Anteroposterior radiograph of the pelvis and proxi-
mal femur, of a different patient, after an injury some
time following a bipolar hemiarthroplasty for subcap-
ital fracture. It reveals a UCS Type F fracture of the
acetabulum with substantial fracture displacement
and medial migration of the implant (traumatic
arthrokatadysis). (Copyright by AO Foundation,
Switzerland8 reproduced with permission).
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principles, fundamental to the development of a rational
treatment plan, are unlikely to change.

It is hoped that the UCS will find a place in the algo-
rithms of patient care, as well as allowing consistency in the
reporting of periprosthetic fractures in registries, and that it
will serve a useful purpose in research into the management
and outcome of these complicated fractures.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by D. Rowley and first proof edited by J. Scott.

References
1. No authors listed. The Swedish Hip Registry 2011. http://www.shpr.se/Libraries/

Documents/%C3%85rsrapport_2011_eng_webb.sflb.ashx (date last accessed 23
April 2014).

2. No authors listed. http://www.njrcentre.org.uk/njrcentre/Portals/0/Documents/
England/Reports/10th_annual_report/
NJR%2010th%20Annual%20Report%202013%20B.pdf (date last accessed 23 April
2014).

3. No authors listed. https://aoanjrr.dmac.adelaide.edu.au/documents/10180/
127369/Demographics%20of%20Hip%20Arthroplasty (date last accessed 23 April
2014).

4. Goldberg VM, Figgie HE 3rd, Inglis AE, et al. Patellar fracture type and prognosis
in condylar total knee arthroplasty. Clin Orthop Rel Res 1988;236:115–122.

5. Windsor RE, Scuderi GR, Insall JN. Patellar fractures in total knee arthroplasty.
J Arthroplasty 1989;4(Suppl):S63–S67.

6. Keating EM, Haas G, Meding JB. Patellar fracture after post total knee replace-
ment. Clin Orthop Relat Res 2003;416:93–97.

7. Ortiguera CJ, Berry DJ. Patellar fracture after total knee arthroplasty. J Bone Joint
Surg [Am] 2002;84-A:532–540.

8. Duncan CP, Haddad FS. Classification., In: Schütz M, Perka C, Ruedi TP, ed.
Periprosthetic Fracture Management. Vol 1. New York: Thieme:10001.

9. Duncan CP, Masri BA. Fractures of the femur after hip replacement. Instr Course
Lect 1995; 44: 293–304.

10. Ricci WM, Bolhofner BR, Loftus T, et al. Indirect reduction and plate fixation,
without grafting, for periprosthetic femoral shaft fractures about a stable intramedul-
lary implant: Surgical technique. J Bone Joint Surg [Am] 2006;88(Suppl1):275–282.

11. Froberg L, Troelsen A, Brix M. Periprosthetic Vancouver type B1 and C fractures
treated by locking-plate osteosynthesis: fracture union and reoperations in 60 consec-
utive fractures. Acta Orthop 2012 Dec;83:648–652.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


