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We thank Doctors Kannan and Malhotra for their letter

regarding our manuscript, Association of Osteonecrosis

and Failure of Hip Resurfacing Arthroplasty [12]. They

have challenged the evidence we presented suggesting

osteonecrosis (ON) was associated with substantial failures

of hip resurfacing arthroplasty [12]. More specifically, they

questioned if (1) ON could not occur secondary to a peri-

prosthetic fracture, (2) we analyzed the central section

from the femoral remnant according to Howie et al. [5] to

confirm the occurrence of superficial and generalized ON,

and (3) patients with posttraumatic arthritis did not have

ON develop before the resurfacing procedure.

We explained thoroughly the criteria for diagnosis of

ON lesions in our study. We defined advanced ON lesions

microscopically as the presence of trabeculae without

stainable osteocytes, disorganized bone marrow, and bor-

dering fibrosis, and by contact radiography of the

specimens because of the observation of bordering scle-

rosis. Qui et al. [9] showed that remnants of apoptotic

osteocytes may remain in situ for several weeks or months,

recognizable by pyknotic nuclei using conventional light

microscopy, but eventually the remnants become unde-

tectable, leaving an apparently empty lacuna. This

morphologic finding is considered a reliable sign that the

osteocyte originally present has died [9]. Similarly, ON

becomes recognizable radiographically the first several

weeks or months after the fracture [6, 11]. Our definition of

an advanced ON lesion also included the absence of an

interface histiocyte reaction to cement as described by

Bogoch et al. [1]. Therefore, we suggested ON probably

was a cause of the specific type of periprosthetic fractures

after a hip resurfacing arthroplasty (51 hips of a total of 85

failures associated with fracture) which occurred acutely in

all cases with valid clinical data. Kannan and Malhotra

correctly pointed out that previous retrieval analyses have

shown varying rates of evidence of ON. Little et al. [7] and

Steffen et al. [10] reported even greater occurrences of ON

in hips revised for periprosthetic fractures after a resur-

facing arthroplasty, however, the total number of retrieved

hips was smaller. They suggested ON played a major role

in periprosthetic fracture after the current generation hip

resurfacing arthroplasty. In the study by Campbell et al.

[3], the majority (70 of 98 hips) of revisions in their cohort

were not attributable to fractures, and they detected ON in

all five hips with an in situ time longer than 6 months,

however, they did not discuss in detail the occurrence of

ON in fractures that occurred within a short time. Based on

our observations, we proposed that ON led to failure of the

resurfacing arthroplasty predominantly within the first few

months after implantation. Postnecrotic fractures in our

study cohort were revised with a mean in situ time of

5.3 months. Although Forrest et al. [4] and McMahon et al.

[8] radiographically analyzed well-functioning hips after a

followup longer than 18 months and their cases were not
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analyzed morphologically, the comparison with our retrie-

val study does not seem to be reasonable. Furthermore, we

also consider the comparison with the second-generation

hip resurfacing arthroplasty not quite appropriate. There are

several substantial differences in design and clinical out-

come of the second as compared with the current generation

hip resurfacing arthroplasty. Howie et al. [5] analyzed 72

cases mainly with intermediate- and long-term failures

(none was revised within the first 6 months after implan-

tation) and focused primarily on a possible association of

ON with loosening. Bradley et al. [2] found two of 25

resurfaced hips revised for fracture had substantial regions

of ON, and Bogoch et al. [1] found ON of the entire femoral

head in three of four fractures. Therefore, our observations

are consistent with those in the literature.

Owing to design of the femoral component in the current

generation hip resurfacing arthroplasty, it is impossible to

analyze sections from the central areas as did Howie

et al. [5]: the current generation femoral components are

stemmed and the tissue from the central part of the femoral

remnant is removed at implantation surgery. Nonetheless,

we analyzed the tissue present between the superficial and

central areas of the femoral remnant. By examining sec-

tions from three quadrants of each femoral remnant in their

full length with a standardized sampling procedure, we

believe we adequately addressed the question of sampling:

the extent of ON was determined from the entire remnant

rather than only the superficial and control portions. All

ON lesions we observed were connected with the proximal

surface of the bone remnant. We are not aware of any

report of an isolated ON lesion after a hip resurfacing

arthroplasty in the central or distal part of the femoral

remnant without including its proximal areas. In addition,

to avoid any possible misdiagnosis in cases with primary

avascular necrosis of the femoral head, we excluded hips

with this preoperative diagnosis.

Drs Kannan and Malhotra correctly pointed out that in

cases with posttraumatic arthritis, morphologic changes

related to the initial traumatic event or its sub-

sequent therapy might have led to ON before implanta-

tion. Preoperative biopsy information from hips before

implantation was not available and could have been

available only from the removed central region where the

stem was located. As we examined only seven hips with a

preoperative diagnosis of posttraumatic arthritis, this spe-

cific issue remained unanswered by our study. However,

we found ON lesions in each hip from this group. More-

over, three of the six hips with posttraumatic arthritis with

failed results attributable to periprosthetic fractures after

the resurfacing arthroplasty were considered as having

postnecrotic fractures. Because we did not have a control

group (eg, examining for ON in patients without implant

failure and/or femoral heads removed for conventional

total hip arthroplasty), any statements regarding possible

relationships would be highly speculative. This question,

however, might be adequately answered by clinical and

radiographic studies.

Based on our observations, we believe it is reasonable to

presume the presence and the extent of ON after a resur-

facing arthroplasty may be linked to complications from

the arthroplasty.

Again we thank Drs Kannan and Malhotra for their

insightful comments.

References

1. Bogoch ER, Fornasier VL, Capello WN. The femoral head

remnant in resurfacing arthroplasty. Clin Orthop Relat Res.

1982;167:92–105.

2. Bradley GW, Freeman MA, Revell PA 1987 Resurfacing

arthroplasty: femoral head viability. Clin Orthop Relat Res. 220:

137–141.

3. Campbell P, Beaule PE, Ebramzadeh E, LeDuff M, De Smet K,

Lu Z, Amstutz HC. The John Charnley Award: a study of implant

failure in metal-on-metal surface arthroplasties. Clin Orthop
Relat Res. 2006;453:35–46.

4. Forrest N, Welch A, Murray AD, Schweiger L, Hutchinson J,

Ashcroft GP. Femoral head viability after Birmingham resur-

facing hip arthroplasty: assessment with use of [18F] fluoride

positron emission tomography. J Bone Joint Surg Am. 2006;

88(suppl 3):84–89.

5. Howie DW, Cornish BL, Vernon-Roberts B. The viability of the

femoral head after resurfacing hip arthroplasty in humans. Clin
Orthop Relat Res. 1993;291:171–184.

6. Kawasaki M, Hasegawa Y, Sakano S, Sugiyama H, Tajima T,

Iwasada S, Iwata H. Prediction of osteonecrosis by magnetic

resonance imaging after femoral neck fractures. Clin Orthop
Relat Res. 2001;385:157–164.

7. Little CP, Ruiz AL, Harding IJ, McLardy-Smith P, Gundle R,

Murray DW, Athanasou NA. Osteonecrosis in retrieved femoral

heads after failed resurfacing arthroplasty of the hip. J Bone Joint
Surg Br. 2005;87:320–323.

8. McMahon SJ, Young D, Ballok Z, Badaruddin BS,

Larbpaiboonpong V, Hawdon G. Vascularity of the femoral head

after Birmingham hip resurfacing: a technetium Tc 99 m bone

scan/single photon emission computed tomography study.
J Arthroplasty. 2006;21:514–521.

9. Qiu S, Rao DS, Palnitkar S, Parfitt AM. Differences in osteocyte

and lacunar density between Black and White American women.

Bone. 2006;38:130–135.

10. Steffen RT, Foguet PR, Krikler SJ, Gundle R, Beard DJ, Murray

DW. Femoral neck fractures after hip resurfacing. J Arthroplasty.

2009;24:614–619.

11. Sugano N, Masuhara K, Nakamura N, Ochi T, Hirooka A,

Hayami Y. MRI of early osteonecrosis of the femoral head after

transcervical fracture. J Bone Joint Surg Br. 1996;78:253–257.

12. Zustin J, Sauter G, Morlock MM, Rüther W, Amling M. Asso-

ciation of osteonecrosis and failure of hip resurfacing

arthroplasty. Clin Orthop Relat Res. 2009 Jul 14. [Epub ahead of

print]

Volume 468, Number 3, March 2010 Letter to the Editor 905

123


	Reply to Letter to the Editor: Association of Osteonecrosis and Failure of Hip Resurfacing Arthroplasty
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


