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ABSTRACT

This retrospective radiographic analysis of 57 patients (62
knees) examined two possible factors involved in pin tract
fractures of the femur due to navigated total knee
arthroplasty (TKA): the angle of the tracker pin with respect
to the lateral femoral cortex, and the distance between the
tracker pin and the lateral joint line. Our findings
demonstrate a relationship between postoperative pin tract
induced stress fractures (3 patients), with pin tract angles
exceeding 15°. Pin placement at a site more than 10cm from
the lateral joint line, did not show any significant association
with risk of fracture. These findings lead to enhanced
understanding of the causative factors underlying pin track
femoral fractures in TKAs.
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INTRODUCTION

Computer assisted navigation in TKA has been gaining
popularity due to validation of its increased accuracy for
implantation of femoral and tibial components . Most
navigation systems require femoral and tibial pin insertion
for placement of trackers. Unfortunately, the resultant bony
defects act as stressors. Stress fractures involving previous
pin site tracts in computer assisted TKAs have been reported
with increasing frequency and various reasons have been put
forward regarding the cause(s) of these fractures, without
any real consensus **. The purpose of this study was to
identify and analyse possible factors contributing to pin tract
related fractures of the femur.

MATERIALS AND METHODS

We retrospectively reviewed the radiographs of consecutive
patients who underwent computer assisted posterior
stabilized primary total knee replacements (Scorpio NRG,
Stryker) in our institution from January 2007 to December
2007. All the subject surgeries were performed by two of the

institution's senior arthroplasty surgeons with the same
protocol of tracker pin insertion utilized in each instance.

The placements of the 2 femur anchoring pins were made via
separate, percutaneous stab incisions. These 3.0 mm
threaded pins are self-drilling and self-tapping. We use the
same instrument model (Stryker) in all cases, a wall mounted
pneumatic drill system. The first (distal) pin is inserted
bicortically in a medial to lateral direction, at a distance of
approximately two finger breadths above the superior pole of
the patella, angled 45 degrees to the sagittal plane of the
femur. The jig for the tracker (OrthoLock, Stryker) is then
placed over the distal pin. The second hole in the jig, which
lies 2.5 cm proximal to the first, guides the insertion of the
second pin, i.e., bicortically, at 30 degrees to the sagittal
plane of the femur. Tibial pins are placed in a similar fashion
in the anteromedial tibial diaphysis at a distance of four
fingerbreadths, distal to the tibial tubercle. The tibial
proximal pin is inserted first, followed by the distal pin in a
similar fashion to the femur. A maximum of 2 attempts of pin
placement are allow for each pin placement. The tracker is
then attached, anatomical landmarks are recorded, and the
TKA procedure is then completed. At the end of the
procedure, all pins are removed with a power driver. Post-
operatively, continuous passive motion exercises are started
at Day 2. Full weight bearing is allowed on Day 3 with
physiotherapist supervision.  Subsequent follow-ups
evaluations are conducted at fixed intervals, i.e., 2 weeks, 1
month, 3 months, and 6 months. Postoperatively, all patients
achieved coronal varus and valgus angle of + 3°

All radiographs were reviewed by two independent
researchers. Two possible causative factors for fracture(s)
were analysed (1) The angle made by the pin tract, with the
lateral wall of the femur in the AP radiograph was analysed
as to the oblique nature of the distal femoral pin as it
penetrates the cortex. (2) The distance from the distal
femoral pin to the lateral joint line was analysed (Figure 1).

Statistical analysis was performed utilizing SPSS (Version
14 for Windows), data were analysed using Chi Square test,
a p value of 0.05 was chosen.
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Fig. 1:
between the lines CD and CD. AB is the line
drawn along lateral cortex of the femur. CD
is the line perpendicular to AB. CE is the line
connecting the two points made by the
distal pin tract.

RESULTS

Four patients were excluded, due to incomplete clinical data.
There were a total of 57 patients (48 female, and 9 male),
with 62 knees (5 bilateral; a total of 28 right knees and 29 left
knees) included in the study. The mean age of study subjects
was 65y (range 48-82). All were diagnosed with primary
osteoarthritis. The mean pin tract angle was 7° (range 0-25°).
Out of the 62 knees, 9 had an angle of >15° and of these, 3
knees had fractures, a statistically significant difference
(p<0.05) as compared to the remainder of 53 knees with
angle of <15°, with no fractures. The three patients who
sustained post-operative pin tract induced stress fractures
constitute 4.8% of all computer assisted total knee
replacement performed.

The mean distance of the distal femoral pin from the lateral
joint line was 9.9cm (range 4.6-14.4cm). Of the 62 knees, 31
had a distance of 10cm or more from the distal femoral pin
of to the lateral joint line, and of these only 2 knees had
fractures; the remaining 31 knees with distance of less than
10cm from the distal femoral pin to the lateral joint line, only
1 had a fracture. There was no significant association of
fracture when the pin placement distance exceeded 10cm
from the lateral joint line.

Case 1. A 67year old woman with severe osteoarthritis of the
left knee presented with a spontaneous fracture at the distal
pin tract site, 13.2 cm from the lateral joint, 4 weeks
postoperatively. The pin tract insertion angle was 20°. The
fracture was subsequently stabilized with an interlocking nail

Pin insertion angle is the angle made Fig. 2:

i
(A) Fracture at the distal pin tract, 7-weeks after a navigated TKA.
(B) 6 weeks after an interlocking nail for a pin-tract related

fracture. (C) 6 months after an interlocking nail, showing
abundant callus formation.

[

(Russel Taylor nail, Smith & Nephew, Memphis). Bony
union was achieved 4 months post-operatively.

Case 2. A 64 year old woman with bilateral knee
osteoarthritis presented with a displaced fracture of the right
femur, at the distal pin tract site, 11.6 cm from the lateral
joint line 7 weeks post-operatively. The pin tract angle was
15°.  An interlocking nail (Russel Taylor nail, Smith &
Nephew, Memphis) procedure was performed, with union
achieved after 6 months. (Figure 2 A, B, C)

Case 3. This patient, presented with persistent left thigh pain
postoperatively. Serial x-rays were unremarkable until 6
months post-operatively, when a fracture line appeared at the
previous distal femur pin tract site, which was 7.5cm from
the lateral joint line. There was periosteal reaction. The pin
tract angle was 22°. The patient was treated nonoperatively,
i.e., protected weight-bearing, until bony union was achieved
3 months following diagnosis of the fracture.

DISCUSSION

Numerous published studies cite cortical defects acting as
stressors in the bone, but fractures associated with computer-
assisted navigation pins are rare. There is no single
recommendation regarding the site for femur tracker pins.
Various techniques include placing the pins at the
metaphyseal / diaphyseal junction, 10 cm proximal to the
knee joint, or into the femoral diaphysis, as far proximal as
possible *"°. Although rare, this complication represents
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significant morbidity. A displaced fracture requiring
operative fixation may negatively affect overall alignment,
indirectly affecting implant survival and final outcome of the
TKA. The duration required for fracture healing also
disrupts the rehabilitation process. There is also the financial
burden of additional surgery and hospitalisation secondary to
these fractures.

Various causes have been postulated for these types of
fractures. Ossendorf et al suggested that repeated attempts at
pin placements increase the risk of stress fracture. He
advocated unicortical pins, placed in an orthogonal fashion
to avoid stress fractures'. Jung et al believed that these stress
fracture are due to a misplaced fixation pin placed trans-
cortically®. Li et al found that 3 bicortically drilled holes
decreases the strength of the femoral structure. Instead, he
recommended small diameter anchoring pins or screws, and
advised avoidance of eccentric drilling, especially in an
overweight patients.

We postulate that biomechanically if an oblique pin tract is
made (angle > 15°), the tract may travel or involve longer
distances of bone as compared to transverse insertion, thus
causing increased stress in the bone and predisposing to
fracture. We currently insert the pin as perpendicular as
possible to the cortex and we also advocate bicortical distal
pin placement, at the mainly cancellous site of the
supracondylar metaphyseal region of the distal femur, at an
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angle of 90 degrees to the sagittal plane of the femur. We
prefer unicortical pins for the second proximal pin as a safety
precaution for the femur and tibia. Placement of the pins
from a medial to lateral direction at about a 90-degree angle
to the sagittal plane also avoids breaching the anterior cortex
of the femur, which represents the tension side of the femur.

Limitations of this study include small sample size, and the
fact that we investigated only two of several possible factors
that may contribute to the risk of fracture (such as:
osteoporosis, gender, obesity, height, weight and underlying
systemic illness). Although of the number of cases reported
herein is not large, we note that since applying these
recommendations in our clinical orthopaedic practice, there
have not been any pin tract related stress fractures in the
subsequent 200 cases performed.

CONCLUSION

Navigated TKAs are not without complications. The
incidence of fracture at pin insertion sites can be reduced
significantly if we understand the contributing factors. There
is association of femur fracture when insertion of the distal
femoral pin angle exceeds a 15° angle (from the lateral wall
of the femur). However this problem does not seem to be
affected by distance from the joint line.



Causative Factors for Femoral Pin Track Fractures in Navigated Total Knee Arthroplasty

REFERENCES

L.

10.

Bathis H, Perlick L, Tingart M, Luring C, Zurakowski D, Grifka J. Alignment in total knee arthroplasty. A comparison of
computer assisted surgery with the conventional technique. J Bone Joint Surg Br. 2004; 86: 682-7.

Decking R, Markmann Y, Fuchs J, Puhl W, Scharf HP. Leg axis after computer-navigated total knee arthroplasty: a prospective
randomized trial comparing computer-navigated and manual implantation. J Arthroplasty, 2005; 20: 282-8.

Haaker RG, Stockheim M, Kamp M, Proff G, Breitenfelder J, Ottersbach A. Computer-assisted navigation increases precision of
component placement in total knee arthroplasty. Clin Orthop Relat Res. 2005; 433: 152-9.

Ossendorf C, Fuchs B, Koch P. Femoral stress fracture after computer navigated total knee arthroplasty. Knee 2006; 13: 397-9.

Jung HJ, Jung YB, Song KS, Park SJ, Lee JS. Fracture associated with computer — navigated total knee arthroplasty: A report of
two cases. J Bone Joint Surg Am. 2007; 89: 2280-4.

Li CH, Chen TH, Su YP, Shao PC, Lee KS, Chen WM. Periprosthetic femoral supracondylar fracture after total knee arthroplasty
with navigation system. J Arthroplasty. 2008; 23: 304-7.

Robert W,Wysocki, Mitchell BS, Walter WV, Craig JDV. Femoral fracture through a previous pin site after computer — assisted
total knee arthroplasty. J Arthroplasty. 2008: 23: 462-5.

Bonutti P, Dethmers D, Stiehl JB. Case report: femoral shaft fracture resulting from femoral tracker placement in navigated TKA.
Clin Orthop Relat Res. 2008; 466(6): 1499-1502.

Stulberg SD, Loan P, Sarin V. Computer-assisted navigation in total knee replacement: results of an initial experience in thirty-
five patients. J Bone Joint Surg Am. 2002; 84-A(Suppl 2): 90.

Victor J, Hoste D. Image-based computer-assisted total knee arthroplasty leads to lower variability in coronal alignment. Clin
Orthop Relat Res. 2004; 428: 131.

1




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 <>
    /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




