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Classification and an Algorithmic 
Approach to the Reconstruction 
of Femoral Deficiency in Revision 

Total Hip Arthroplasty 
BY CRAIG J. DELLA VALLE, MD, AND WAYNE G. PAPROSKY, MD

s the number of patients who have undergone total hip
arthroplasty rises, the number of patients requiring
revision surgery for a failed total hip arthroplasty in-

creases as well. It is estimated that 183,000 total hip replace-
ments were performed in the United States in 2000 and that
31,000 (17%) of these were revision procedures1. Femoral

reconstruction at the time of revision total hip arthroplasty
can be challenging both from a technical perspective and in
terms of preoperative planning. With multiple reconstructive
options available, it is helpful to have a classification system
available to guide the surgeon in selecting the appropriate
method of reconstruction. A system for the classification of
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Fig. 1-A
Figs. 1-A and 1-B Type-I femoral deficiency. There is minimal loss of 

metaphyseal cancellous bone and an intact diaphysis. 

Fig. 1-B

Downloaded From: http://jbjs.org/ by a UNIVERSITY COLLEGE LONDON User  on 01/17/2014





 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 85-A ·  SUPPLEMENT 4 ·  2003
CLA S S IFIC A TION A N D A N ALGOR ITHMIC APPRO A CH TO THE 
RE CONS T R U C T ION OF FEMOR AL DEFICIENCY IN RE V ISION THA

femoral deficiency that was developed by the senior author
(W.G.P.)2 and an algorithmic approach to femoral reconstruc-
tion are presented in the current report. 

Methods 
eventy-one consecutive femoral revision arthroplasties that
involved reconstruction with an extensively coated, diaphy-

seal fitting stem were reviewed at a minimum of eight years2.
Component stability was classified with use of the system of
Engh et al.3. Femoral deficiency was classified as follows. 

Type I: A femur with a type-I defect has minimal loss
of metaphyseal cancellous bone and an intact diaphysis. This
type of defect often is seen after the removal of a cementless
femoral component without a biological ingrowth surface
(Figs. 1-A and 1-B).

Type II: A femur with a type-II defect has extensive loss
of metaphyseal cancellous bone and an intact diaphysis. This
type of defect often is encountered after the removal of a ce-
mented femoral component (Figs. 2-A and 2-B).

Type IIIA: A femur with a type-IIIA defect is one in

which the metaphysis is severely damaged and nonsupport-
ive and there is >4 cm of intact diaphyseal bone available for
distal fixation. This type of defect is commonly seen after the
removal of a grossly loose femoral component that was in-
serted with first-generation cementing techniques (Figs. 3-A
and 3-B).

Type IIIB: A femur with a type-IIIB defect is one in
which the metaphysis is severely damaged and nonsupportive
and there is <4 cm of diaphyseal bone available for distal fixa-
tion. This type of defect is often seen following the failure of a
cemented femoral component that was inserted with a cement
restrictor or a cementless femoral component that is associ-
ated with substantial distal osteolysis (Figs. 4-A and 4-B).

Type IV: A femur with a type-IV defect has extensive
metaphyseal and diaphyseal damage in conjunction with a
widened femoral canal. The isthmus is nonsupportive (Figs.
5-A and 5-B).

Extended Trochanteric Osteotomy
The extended trochanteric osteotomy is frequently utilized in

S

Fig. 2-A

Figs. 2-A and 2-B Type-II femoral deficiency. There is extensive loss of 

metaphyseal cancellous bone and an intact diaphysis. 

Fig. 2-B
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our practice during revision total hip arthroplasty4-8. It pro-
vides a wide exposure that facilitates the removal of existing
implants and cement, allows for the correction of femoral de-
formity (which is seen in approximately one-third of patients
undergoing femoral revision in our practice), and facilitates

the implantation of revision components while allowing the
surgeon to reconstitute bone-stock deficiency if necessary. The
osteotomy site heals predictably as the overlying soft-tissue at-
tachments are only minimally disrupted, and the trochanter
can be advanced distally if needed. The extended trochanteric
osteotomy can be done prior to dislocation to assist with ex-
posure; after dislocation but prior to femoral component re-
moval to allow for safe component extraction; or after femoral
component removal to allow for deformity correction, to as-
sist with the removal of retained cement, or to facilitate prepa-
ration of the femoral canal.

Results 
inety-six percent of the femoral components were bone
ingrown or had fibrous stable fixation. The rates of os-

seointegration achieved in association with the various
types of femoral deficiency are shown in Table I. When com-
plete diaphyseal fill was obtained, fifty-one (96%) of fifty-

N

Fig. 3-A

Figs. 3-A and 3-B Type-IIIA femoral deficiency. The metaphysis is severely damaged and nonsupportive, with >4 cm of intact di-

aphyseal bone available for distal fixation. The horizontal lines on the radiograph demarcate the amount of femoral isthmus 

available for distal fixation.

Fig. 3-B

TABLE I Rates of Osseointegration According to Type of 
Femoral Deficiency

Type of 
Femoral Deficiency 

No. of 
Osseointegrated Stems

I 8 of 9

II 26 of 29

IIIA 20 of 22

IIIB 4 of 8

IV 0 of 3
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three stems in femora with type-I, II, and IIIA defects had
bone ingrowth.

Discussion 
n extensively porous-coated, diaphyseal fitting femoral
component reliably achieves successful fixation in the

majority of patients undergoing revision arthroplasty9-11. The
surgical technique is straightforward, and we continue to use
this type of device for most revision total hip arthroplasties.
However, in the case of a severely damaged femur (that is, a
femur with a type-IIIB or IV defect), other reconstructive
options may provide improved results. On the basis of our
results, the following reconstructive algorithm is recom-
mended for femoral reconstruction at the time of revision
total hip arthroplasty.

Type I: In a femur with a type-I defect, there is minimal
loss of cancellous bone and an intact diaphysis and thus ce-
mented or cementless fixation can be utilized. If cemented fix-

ation is selected, great care must be taken during removal of
the often-encountered neocortex to allow for appropriate ce-
ment intrusion into the remaining cancellous bone12.

Type II: In a femur with a type-II defect, there is exten-
sive loss of metaphyseal cancellous bone and thus fixation
with cement is unreliable13. In the present study, successful fix-
ation of an extensively porous coated, diaphyseal fitting im-
plant was achieved in twenty-six (90%) of twenty-nine femora
with a type-II defect. However, as the metaphysis is support-
ive, a cementless implant that achieves primary fixation in the
metaphysis can be utilized14.

Type IIIA: In a femur with a type-IIIA defect, the meta-
physis is nonsupportive and an extensively coated stem of ade-
quate length should be utilized to ensure that >4 cm of scratch
fit is obtained in the diaphysis. In the current series, this tech-
nique was successful in twenty (91%) of twenty-two reconstruc-
tions. We believe that this type of implant is most appropriate
in these cases. 

A

Fig. 4-A

Figs. 4-A and 4-B Type-IIIB femoral deficiency. The metaphysis is severely damaged and nonsupportive, with <4 cm of diaphy-

seal bone available for distal fixation. The horizontal lines on the radiograph demarcate the amount of femoral isthmus avail-

able for distal fixation.

Fig. 4-B
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Type IIIB: On the basis of the poor results that were ob-
tained in association with the use of a cylindrical, extensively
porous-coated implant (with four of eight reconstructions fail-
ing), our current preference is to treat type-IIIB defects with a
modular, cementless, tapered stem with flutes to obtain rota-
tional stability. Excellent results have been reported in associa-
tion with this type of implant15 and, by virtue of its tapered
design, the stem can achieve excellent initial axial stability even
in a femur with a very short isthmus. Subsidence has been re-
ported as a potential problem with these implants, and they
can be difficult to insert. However, with the addition of modu-
larity to many systems that employ this concept of fixation,
improved stability can be achieved by impacting the femoral
component as far distally as needed and then building up the
proximal segment to restore the appropriate leg length.

Type IV: In a femur with a type-IV defect, the isthmus
is completely nonsupportive and the femoral canal is wid-
ened. We have found that cementless fixation cannot be
reliably used in such cases because it is difficult to obtain

adequate initial implant stability to allow for osseointegra-
tion. Reconstruction can be performed with impaction
grafting16-18 if the cortical tube of the proximal part of the fe-
mur is intact. This technique, however, can be difficult to
perform, time-consuming, and costly given the amount of
bone graft that is often required. Although this technique has
been associated with implant subsidence19,20 and periprosthetic
fracture16,21-23 (both intraoperatively and postoperatively), it
can provide an excellent solution for difficult femoral revi-
sions when cementless fixation cannot be utilized. Alterna-
tively, an allograft-prosthesis composite can be utilized in an
attempt to reconstitute bone stock for younger patients24,
whereas a proximal femoral replacing endoprosthesis can be
used for more elderly patients25. �
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Figs. 5-A and 5-B Type-IV femoral deficiency. There is extensive metaphyseal and diaphyseal damage in conjunction with a wid-

ened femoral canal. The isthmus is nonsupportive.

Fig. 5-B

Fig. 5-A

Downloaded From: http://jbjs.org/ by a UNIVERSITY COLLEGE LONDON User  on 01/17/2014





 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 85-A ·  SUPPLEMENT 4 ·  2003
CLA S S IFIC A TION A N D A N ALGOR ITHMIC APPRO A CH TO THE 
RE CONS T R U C T ION OF FEMOR AL DEFICIENCY IN RE V ISION THA

The authors did not receive grants or outside funding in support 
of their research or preparation of this manuscript. They did not 
receive payments or other benefits or a commitment or agreement to 
provide such benefits from a commercial entity. A commercial entity 

(Zimmer) paid or directed, or agreed to pay or direct, benefits to a 
research fund, foundation, educational institution, or other charita-
ble or nonprofit organization with which the authors are affiliated 
or associated.

References

1. American Academy of Orthopaedic Surgeons. Arthroplasty and total joint re-
placement procedures 1991 to 2000. http://www.aaos.org/wordhtml/re-
search/arthropl.htm.

2. Paprosky WG, Aribindi R. Hip replacement: treatment of femoral bone loss 
using distal bypass fixation. Instr Course Lect. 2000;49:119-30.

3. Engh CA, Massin P, Suthers KE. Roentgenographic assessment of the bio-
logic fixation of porous-surfaced femoral components. Clin Orthop. 1990;
257:107-28.

4. Aribindi R, Paprosky W, Nourbash P, Kronick J, Barba M. Extended proximal 
femoral osteotomy. Instr Course Lect. 1999;48:19-26.

5. Chen WM, McAuley JP, Engh CA Jr, Hopper RH Jr, Engh CA. Extended slide 
trochanteric osteotomy for revision total hip arthroplasty. J Bone Joint Surg 
Am. 2000;82:1215-9.

6. Miner TM, Momberger NG, Chong D, Paprosky WL. The extended trochan-
teric osteotomy in revision hip arthroplasty: a critical review of 166 cases 
at mean 3-year, 9-month follow-up. J Arthroplasty. 2001;16 (8 Suppl 1):
188-94.

7. Younger TI, Bradford MS, Magnus RE, Paprosky WG. Extended proximal fem-
oral osteotomy. A new technique for femoral revision arthroplasty. J Arthro-
plasty. 1995;10:329-38.

8. Younger TI, Bradford MS, Paprosky WG. Removal of a well-fixed cementless 
femoral component with an extended proximal femoral osteotomy. Contemp 
Orthop. 1995;30:375-80.

9. Engh CA Jr, Ellis TJ, Koralewicz LM, McAuley JP, Engh CA Sr. Extensively 
porous-coated femoral revision for severe femoral bone loss: minimum 
10-year follow-up. J Arthroplasty. 2002;17:955-60.

10. Krishnamurthy AB, MacDonald SJ, Paprosky WG. 5- to 13-year follow-up 
study on cementless femoral components in revision surgery. J Arthroplasty. 
1997;12:839-47.

11. Weeden SH, Paprosky WG. Minimal 11-year follow-up of extensively porous-
coated stems in femoral revision total hip arthroplasty. J Arthroplasty. 
2002;17 (4 Suppl 1):134-7.

12. Sierra RJ, Cabanela ME. Conversion of failed hip hemiarthroplasties after 
femoral neck fractures. Clin Orthop. 2002;399:129-39.

13. Dohmae Y, Bechtold JE, Sherman RE, Puno RM, Gustilo RB. Reduction in 
cement-bone interface shear strength between primary and revision arthro-
plasty. Clin Orthop. 1988;236:214-20.

14. Head WC, Wagner RA, Emerson RH Jr, Malinin TI. Revision total hip arthro-

plasty in the deficient femur with a proximal load-bearing prosthesis. Clin 
Orthop. 1994;298:119-26.

15. Bohm P, Bischel O. Femoral revision with the Wagner SL revision stem: evalu-
ation of one hundred and twenty-nine revisions followed for a mean of 4.8 
years. J Bone Joint Surg Am. 2001;83:1023-31.

16. Fetzer GB, Callaghan JJ, Templeton JE, Goetz DD, Sullivan PM, Johnston 
RC. Impaction allografting with cement for extensive femoral bone loss in 
revision hip surgery: a 4- to 8-year follow-up study. J Arthroplasty. 2001;
16 (8 Suppl 1):195-202.

17. Gie GA, Linder L, Ling RS, Simon JP, Slooff TJ, Timperley AJ. Impacted can-
cellous allografts and cement for revision total hip arthroplasty. J Bone Joint 
Surg Br. 1993;75:14-21.

18. van Biezen FC, ten Have BL, Verhaar JA. Impaction bone-grafting of severely 
defective femora in revision total hip surgery: 21 hips followed for 41-85 
months. Acta Orthop Scand. 2000;71:135-42.

19. Eldridge JD, Smith EJ, Hubble MJ, Whitehouse SL, Learmonth ID. Massive 
early subsidence following femoral impaction grafting. J Arthroplasty. 
1997;12:535-40.

20. Karrholm J, Hultmark P, Carlsson L, Malchau H. Subsidence of a non-
polished stem in revisions of the hip using impaction allograft. Evaluation 
with radiostereometry and dual-energy x-ray absorptiometry. J Bone Joint 
Surg Br. 1999;81:135-42.

21. Leopold SS, Berger RA, Rosenberg AG, Jacobs JJ, Quigley LR, Galante JO. 
Impaction allografting with cement for revision of the femoral component. A 
minimum four-year follow-up study with use of a precoated femoral stem. 
J Bone Joint Surg Am. 1999;81:1080-92.

22. Meding JB, Ritter MA, Keating EM, Faris PM. Impaction bone-grafting be-
fore insertion of a femoral stem with cement in revision total hip arthroplasty. 
A minimum two-year follow-up study. J Bone Joint Surg Am. 1997;79:
1834-41.

23. Pekkarinen J, Alho A, Lepisto J, Ylikoski M, Ylinen P, Paavilainen T. Impac-
tion bone grafting in revision hip surgery. A high incidence of complications. 
J Bone Joint Surg Br. 2000;82:103-7.

24. Blackley HR, Davis AM, Hutchison CR, Gross AE. Proximal femoral al-
lografts for reconstruction of bone stock in revision arthroplasty of the hip. A 
nine to fifteen-year follow-up. J Bone Joint Surg Am. 2001;83:346-54.

25. Malkani AL, Settecerri JJ, Sim FH, Chao EY, Wallrichs SL. Long-term results 
of proximal femoral replacement for non-neoplastic disorders. J Bone Joint 
Surg Br. 1995;77:351-6.

Downloaded From: http://jbjs.org/ by a UNIVERSITY COLLEGE LONDON User  on 01/17/2014


