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Abstract A pseudo-arthrosis repair of a 4-year-old
bony avulsion fracture of the PCL using a minimally
invasive technique, screw fixation, and bone grafting is
reported. The case presented seems to be rather unique
due to the fragment size and the approach for pseudo-
arthrosis repair. There was a good functional result fol-
lowing minimally invasive pseudo-arthrosis repair of a
posterior cruciate ligament avulsion fracture. There are
no previous reports of similar pseudo-arthrosis repairs,
and other authors report good results of delayed refix-
ation of PCL avulsion fractures. Therefore, refixation and
pseudo-arthrosis repair should be considered as a viable
treatment.

Keywords Posterior cruciate ligament - Avulsion -
Pseudo-arthrosis - Repair - Screw fixation

Introduction

The posterior cruciate ligament (PCL) plays a major role in
knee stabilization. It acts as a primary restraint against
posterior displacement and, in concert with the anterior
cruciate ligament (ACL), to regulate external rotation of
the knee during extension [3].

The most commonly reported mechanism of injury to
the PCL is a posteriorly directed blow to the anterior aspect
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of the proximal tibia with the knee flexed at 90° [14].
Another mechanism is sudden hyperextension in conjunc-
tion with associated varus or valgus force or hyperflexion
of the knee [5].

Sports injury and motor vehicle accidents account for
the majority of PCL injuries [10]. Clinical examination
shows a posterior sag and a positive posterior drawer test if
the PCL is ruptured or avulsed. In case of avulsion,
radiological examination will reveal a bony fragment at the
tibial attachment of the PCL.

Avulsion of the tibial insertion of the PCL is believed to
be an uncommon injury. A non-displaced bony avulsion
can be treated conservatively with a plaster cast, holding
the knee flexed and the tibia pulled forward to diminish
tension on the PCL. There is general consensus that a
displaced bony PCL avulsion should be surgically reduced
and fixed immediately to stabilize the knee joint and pre-
vent non-union [10].

All publications on the repair of acute bony avulsion of
the tibial attachment of the PCL report excellent clinical
results [1, 2, 4, 6, 9-12, 14].

Information on the treatment of bony PCL avulsions
past the acute phase is rare. Trickey states that surgical
repair of an avulsion the tibial attachment of the PCL
after 3 weeks is not successful [13]. However, Meyers
and Torisu dispute this statement [10, 12]. There is one
report in the literature of a reduction and screw fixation
combined with posterolateral stabilization of a 4.5-year-
old bony avulsion of the PCL with good clinical result
[7].

To the authors’ knowledge, there is no report of pseudo-
arthrosis repair of a PCL avulsion fracture. We report the
case of a pseudo-arthrosis repair of a 4-year-old bony
avulsion fracture of the PCL using a minimally invasive
technique, screw fixation, and bone grafting.
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Case report

A 57-year-old woman presented to the orthopaedic outpa-
tient clinic. Four years prior, she suffered from distorsion
trauma of her left knee during a skiing accident. At the
time, the knee was examined both physically and radio-
logically but the diagnosis of an avulsion fracture of the
tibial eminence was not made. In the years following the
initial trauma, the patient reported continued pain and
instability. The patient described a “clicking” sensation
while walking and posterior pain on weight bearing. She
also reported a tired feeling of the entire lower left
extremity. She wore a brace, which reduced but failed
to entirely relieve her symptoms. Physical examination
showed a healthy appearing woman with slight varus
alignment. The left knee had a full range of motion without
any apparent instability but did show a slight posterior sag.
Meniscal testing showed no abnormalities.

Standard lateral and posterior-anterior radiographs
revealed an evident pseudo-arthrosis with a radiolucent and
sclerotic line under the posterior tibial eminence. The
avulsed fragment measured 32 mm x 24 mm X 12 mm
(Fig. 1).

Magnetic resonance imaging and computed tomography
showed pseudo-arthrosis of a large bony avulsion of the
tibial attachment of the PCL extending to both the medial
and lateral tibial plateau The magnetic resonance imaging
also showed an intact PCL and did not reveal any signs of

concomitant intra-articular injuries of the knee (Fig. 2).
Bone scintigraphy demonstrated increased activity at the
proximal left tibia.

It was concluded that the patient’s complaints could be
caused by the pseudo-arthrosis of a bony avulsion of the
tibial attachment of the PCL; this was deemed an appro-
priate indication for pseudo-arthrosis repair.

Surgical technique

The patient was positioned supine and the lower extremity
held in 30° flexion. A single 2-g dose of intravenous
ceftazidime was administered. Under fluoroscopic control,
an entrance point for a 10-mm cannulated drill along the
medial aspect of the proximal tibia was located. A stab-
incision was made, and the cannulated drill was inserted
and directed cranially and posteriorly towards the centre of
the pseudo-arthrosis until the tip of the drill was located
just subchondral at the lateral tibial plateau. Position of the
drill was verified by fluoroscopy (Fig. 3).

The drill and the collected tissue, consisting of normal
cancellous bone and fibrous tissue, were removed. A sim-
ilar manoeuvre was performed, only now the 10 mm
cannulated drill was directed more posteriorly in order to
access more of the pseudo-arthrosis. The fibrous tissue was
separated from the healthy cancellous bone for microscopic
evaluation (Fig. 3).

rl

Fig. 1 Standard radiographs showing an evident pseudo-arthrosis of the posterior tibial eminence

@ Springer



1614

Knee Surg Sports Traumatol Arthrosc (2010) 18:1612-1616

Fig. 3 Positioning of the cannulated drill and its fluoroscopic verification. Removed pseudo-arthrosis shows the fibrous tissue and healthy

cancellous bone

Using a curette through the drill-hole, the remaining
pseudo-arthrosis was removed under fluoroscopic control
(Fig. 4). A combination of the removed cancellous bone
mixed with homologous bone was used to fill the defect
created by the cannulated drill. Fluoroscopic imaging
showed good positioning of the bone grafting. A tibial
ACL guide was used to guide Kirschner wires for two 4.5-
mm cannulated partially threaded screws. These screws
were used to lag and stabilize the bony fragment.

\

There was a good fixation and compression of the
avulsed fragment. Radiographic evaluation demonstrated
good positioning of the screws with all screw threads in the
avulsed bony fragment (Fig. 5).

Postoperatively, the patient was mobilized immediately
with a full leg cylinder plaster cast. There was no weight
bearing for the first 6 weeks followed by full weight
bearing without the plaster cast. Mobilization was guided
by a physical therapist. Three months after surgery, the

Fig. 4 Removal of the remaining pseudo-arthrosis using a curette and bone grafting of the defect created by the cannulated drill
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Fig. 5 Standard radiographs showing positioning of the lag screws and complete disappearance of the pseudo-arthrosis of the bony avulsion of

the tibial insertion of the PCL

patient was satisfied with the result of the surgical inter-
vention. The complaints of a “clicking” sensation and
posterior pain on weight bearing were completely resolved.
Physical examination showed no posterior sag or anterior-
posterior instability. Radiographs showed a complete dis-
appearance of the pseudo-arthrosis of the bony avulsion of
the tibial insertion of the PCL and good incorporation of
the bone graft (Fig. 5).

Discussion

In this case, there was a good functional result following
minimally invasive pseudo-arthrosis repair of a posterior
cruciate ligament avulsion fracture.

In displaced bony PCL avulsion injuries, there is general
consensus that surgical reduction and fixation in the acute
phase is indicated to stabilize the joint and prevent non-
union [10]. However, proper treatment of bony PCL
avulsions past the acute phase is uncertain. Trickey states
that surgical repair of an avulsion the tibial attachment of
the PCL after 3 weeks is not successful [13]. Kim et al.
reported two patients with non-union tibial avulsion frac-
tures who underwent surgical reduction and fixation 19 and
20 months after the causal trauma. Both were described to
have grade C (abnormal) function postoperatively accord-
ing to the assessment with the IKDC form [8].

In contrast, Torisu reported good results in three patients
with delayed repair of bony PCL avulsion fractures; he

stated that late repair is recommended [12]. Meyers [10]
reported two patients with delayed treatment of displaced
PCL avulsion fractures operated three and 6 months after
the initial trauma with good functional results. Jung et al.
reported reduction and screw fixation of a 4.5-year-old
displaced PCL avulsion fracture. Using a posterior
approach and single screw fixation, good stability and
function of the knee was obtained [7].

The case presented here seems to be rather unique due to
the fragment size and the approach for pseudo-arthrosis
repair. In this case of a 4-year-old pseudo-arthrosis, it was
hypothesized that it would be necessary to remove the
pseudo-arthrosis tissue to achieve a solid bone union. The
removal of the pseudo-arthrosis tissue and the filling with
homologous bone was deemed easier and safer using a
medio-anterior rather than a posterior approach. A mini-
mally invasive technique was used to reduce soft tissue
damage and reduce the risk of injury to the popliteal neu-
rovascular branch. Furthermore, a medio-anterior approach
was preferred over a posterior one for optimal screw fix-
ation in the centre of the avulsed bony fragment. Partially
threaded screws were chosen to achieve a rigid and stable
fixation with compression between the bony avulsion
fragment and the proximal tibia.

There are no previous reports of similar pseudo-arthrosis
repairs, but good results of delayed refixation of PCL
avulsion fractures have been described. Therefore, refix-
ation and pseudo-arthrosis repair should be considered as a
viable treatment.

@ Springer



1616

Knee Surg Sports Traumatol Arthrosc (2010) 18:1612-1616

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Bonin N, Jeunet L, Obert L, Dejour D (2007) Adult tibial emi-
nence fracture fixation: arthroscopic procedure using K-wire
folded fixation. Knee Surg Sports Traumatol Arthrosc 15:857—
862

2. Deehan DJ, Pinczewski LA (2001) Arthrosopic reattachment of
an avulsion fracture of the tibial insertion of the posterior cruciate
ligament. Arthroscopy 17:422-425

3. Detenbeck LC (1974) Function of the cruciate ligaments in knee
stability. Am J Sports Med 2:217-221

4. Espejo-Baena A, Lopez-Arevalo R, Urbano V, Montanez E,
Martin F (2000) Arthoscopic repair of the posterior cruciate
ligament: Two techniques. Arthroscopy 16:656-660

5. Fowler PJ, Messieh SS (1987) Isolated posterior cruciate liga-
ment injuries in athletes. Am J Sports Med 15:553-557

6. Horas U, MeissnerSA, Heiss C, Schnettler R (2009) Arthoscopic
fixation of posterior cruciate ligament avulsion fractures: a new
minimally invasive technique. Knee Surg Sports Traumatol
Arthrosc. doi:10.1007/s00167-009-0937-3

@ Springer

10.

11.

12.

13.

14.

. Jung TM, Hoher J, Weiler A (2006) Screw fixation of a 4 '/>-year-

old PCL avulsion injury. Knee Surg Sports Traumatol Arthrosc
14:469-472

. Kim SJ, Shin SJ, Choi NH, Cho SK (2001) Arthroscopically

assisted treatment of avulsion fractures of the posterior cruciate
ligament from the tibia. J Bone Joint Surg 83A:698-708

. Littlejohn SG, Geissler WB (1995) Arthroscopic repair of a

posterior cruciate ligament avulsion. Arthroscopy 11:235-238
Meyers MH (1975) Isolated avulsion fractures of the tibial
attachment of the posterior cruciate ligament of the knee. J Bone
Joint Surg 57-A:669-672

Shino K, Nakata K, Mae T, Yamada Y, Shiozaki Y,Toritsuka Y
(2003) Artroscopic fixation of tibial bony avulsion of the
posterior cruciate ligament. Arthroscopy. doi:10.1053/jars.2003.
50062

Torisu T (1977) Isolated avulsion fractures of the tibial attach-
ment of the posterior cruciate ligament. J Bone Joint Surg 59-
A:68-72

Trickey EL (1980) Injuries to the posterior cruciate ligament:
diagnosis and treatment of early injuries and reconstruction of
late instability. Clin Orthop Relat Res 147:76-81

Veselko M, Saciri V (2003) Posterior approach for arthroscopic
reduction and antegrade fixation of avulsion fracture of the pos-
terior cruciate ligament from the tibia with cannulated screw and
washer. Arthroscopy 19:916-921


http://dx.doi.org/10.1007/s00167-009-0937-3
http://dx.doi.org/10.1053/jars.2003.50062
http://dx.doi.org/10.1053/jars.2003.50062

	Pseudo-arthrosis repair of a posterior cruciate ligament avulsion fracture
	Abstract
	Introduction
	Case report
	Surgical technique
	Discussion
	Open Access
	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


