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Abstract
Introduction In the last three decades, total hip replacement in young patient became a habitual procedure.

Principles of bone preservation are pushing many surgeons to implant conservative femoral components in patient younger
than 65 years. Despite an overall good survivorship and clinical outcomes of conservative implants, failed cases are reported and
the need to revise a conservative femoral component became an occasional procedure (with high prevalence of failed resurfacing
implants).
Methods During conservative femoral component revisions, we analyzed proximal bone stock preservation, considering the type
of original component removed, etiology of failure, timing of revision, and femoral explantation technique.
Results We identified four patterns of proximal femoral changes (types I–IV). We suggest, for each of them, a revision strategy
directed toward a Bconservative revision procedure^ using conservative or primary component. Out of our 21 cases, none
underwent further revision due to mechanical failure (follow-up ranging from 6 to 152 months, mean 54 months). We had
two case of re-operation: one for early septic loosening and one for prosthetic modular neck fracture.
Conclusions If literature offers well-established guidelines to femoral revision of conventional stems, there is, on the other hand, a
lack of data about revision strategies in presence of failed conservative implants. Although the mean follow-up of our procedures
is still too short (4.5 years) to give final conclusions, we would leave a message: a conservative hip arthroplasty is not a Bone-
time^ opportunity for young and active people. A Bconservative revision^ is a valid option for at least a part of them, when an
early failure of primary procedure occurred.
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Introduction

Principles of bone preservation and biomechanical restoring
have pushed a non-neglectable number of hip reconstruction
surgeons to implant conservative femoral components, such
as resurfacing hip, neck-retaining implant, or metaphyseal
bone-preserving stems.

A recent systematic review on the available evidence pub-
lished before 2002 performed by Wyness [1] has detected a

revision rate included between 0 and 14.3% for resurfacing
implants: majority of revision surgery was due to fractures
(56%), followed by loosening (19%), infection (11%), avas-
cular necrosis (11%), and dislocation (3%).

Neck-retaining conservative stems show a high percentage
of excellent and good clinic-radiographic results (97%) in a
25-year experience on 943 implants [2]. Bone stock preserv-
ing implants show, at mid-term follow-up actually available in
literature [3, 4], a survival rate without aseptic loosening rang-
ing from 98.2 to 97.5%. Periprosthetic femoral fracture seems
to be the main reason for reoperation after a short stem hip
arthroplasty, as observed in a large multicentric analysis eval-
uating 1089 hips [5]. This finding shows a different impor-
tance of this complication compared to conventional stems
[6], where periprosthetic fractures represent the fourth most
common cause for hip revision [7].

Despite an overall good survivorship and clinical out-
comes, failed case reported (related to an increasing

Level of evidence: III

* Filippo Casella
drfilippocasella@gmail.com

1 Orthopaedic and Traumatologic Department, Santo Spirito General
Hospital, Rome, Italy

2 Orthopaedic and Traumatologic Department, Nuova Itor, Rome, Italy

https://doi.org/10.1007/s00264-018-4229-8
International Orthopaedics (2019) 43:2209–2216

/Published online: 11               018Decembe  r      2  

http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-018-4229-8&domain=pdf
http://orcid.org/0000-0001-7915-7753
mailto:drfilippocasella@gmail.com


volume of primary conservative arthroplasty) are making
the revision of a conservative femoral component a non-
occasional procedure.

In our practice using different conservative hip solutions
(over 600 implants) since 1999, we have performed several
revision procedures for conservative implants, facing vari-
able patterns of changes in proximal femoral structure; bone
quality; and, consequently, different needs during femoral
stem substitution.

If literature offers well-established guidelines to femoral
revision of conventional stems, based on metaphyseal and
diaphyseal femoral bone defects [8], there is, on the other
hand, a lack of data about revision strategies in the presence
of failed conservative implants in young and active
population.

However, in our opinion, even revision surgery should of-
fer to these patients a second conservative chance (where it is
possible): in particular in early revisions, when criteria that
made a patient suitable for a non-conventional primary stem
may still be present at the time of revision (young age, good
bone stock), then we may think of a Bconservative revision.^

This paper reports an analysis of femoral changes ob-
served during revision procedures of conservative compo-
nents, with the aim of proposing a practical classification
to select reconstructive options (supported by our own
experience).

A peculiarity of conservative femoral component failure is
the presence of a variable proximal bone stock preservation
(cervical or metaphyseal), able to accept both a conventional
or conservative primary stem: it mainly depends on the type of
original component removed, etiology of failure, and timing
of revision.

Methods

Twenty-one consecutive revision procedures involving con-
servative hip arthroplasty have been performed between
October 2005 and February 2018.

We removed eight resurfacing hip femoral implants (5
ASR De Puy J&J, Warsaw, IN; 1 BHR Smith Nephew
Orthopedics, Memphis, TN; 1 MRS Lima Lto, Villanova S.
Daniele UD, Italy; 1 ReCup Biomet Warsaw, IN), one CFP
stems (Waldemar Link Hamburg, AG), four Mayo stems
(Zimmer, Warsaw, IN), four SMF stems (Smith &Nephew
London, UK), four Metha stems (BBraun, Melsungen AG)
in 21 patients, with a mean follow up of 13.58 months (range
3–48 months, SD 13.54) after primary hip replacement.

One patient, initially revised for resurfacing failure
with a Mayo stem, has undergone a second revision pro-
cedure for septic loosening with a primary conventional
stem (Platform, Smith & Nephew).

One patient, initially revised for resurfacing failure with
failure with Metha stem, has undergone a second revision
procedure for prosthetic neck fracture with SMF stem.

Proximal femoral deficiency (PFD) was classified follow-
ing a closed scheme, where it is mandatory to sequentially
answer the questions:

Question 1: Medial neck preservation > 1.5 cm?
Question 2: Lateral neck and trochanteric fossa
preserved?
Question 3: Metaphyseal cancellous bone fully
supportive?
Question 4: Extent of diaphyseal bone violation less than
2 cm?

We can summarize PFD as follows (see Fig. 1):

PFD type I

Question 1: Yes
Question 2: Yes
Question 3: Yes
Question 4: Yes
A femur with a type I defect shows an almost intact cortical

femoral neck, corresponding or just below the neck-head junc-
tion, with a very limited amount of cancellous bone lost
(Fig. 2). This type of deficiency can be observed in early
aseptic loosening of resurfacing arthroplasty and in a peculiar
pattern of failure of the same prosthetic design—a fracture at
the head-neck junction, often hidden by the resurfacing com-
ponent and evolved in fibrous non-union (Fig. 3).

We have observed and published in 2007 [9] a case report
about an unnoticed sub-capital fracture under a resurfacing
arthroplasty, evolved in non-union and revised after 11months
to a neck-retaining implant [10].

PFD type II

Question 1: No
Question 2: Yes
Question 3: Yes
Question 4: Yes
A femur with a type II defect presents a neck preservation

variable but at least the 1.5 cm of medial neck and trochanteric
fossa are intact (with proximal cancellous bone, underneath
the fossa itself, still supportive in Gruen [11] zone 1).

A such defect is usually observed in some trans-cervical
fracture below a resurfacing arthroplasty (Fig. 4), caused by
blunt trauma of the hip or favored by a wrong positioning of
the component (varus orientation, notching) [12, 13], or in
resurfacing implants failed with neck reabsorption.

Again, it may be detected in early failure of neck-
preserving implants, like CFP and Metha (in the latter
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example, a specific indication to revision was prosthetic mod-
ular neck fracture in well-fixed implant, see Fig. 5). A late
failure of the same components may present an involution of
bone in the Gruen zone 1 after a stress-shielding effect, and
then, cancellous bone in the same area may be not supportive.

PFD type III

Question 1: No
Question 2: No

Question 3: No
Question 4: Yes
A femur with a type III defect is defined by a cortical neck

preservation < 1.5, and most importantly, trochanteric fossa
with surrounding bone appears to be violated (by primary

Fig. 1 Blue solid lines: level of cortical defect, blue broken lines: level of previous type of defect (from type II onwards), grey areas: cortical bone loss,
yellow areas: cancellous bone loss, pink area: cancellous bone preservation, brown solid lines: level of diaphyseal violation

Fig. 3 PFD I failed resurfacing with retrieved specimen and micro-
radiographyFig. 2 PDF I Aseptic loosening of resurfacing hip
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implant technique, after loosening has occurred or during fem-
oral extraction of a well-fixed component).

This type of defect is principally observed in late asep-
tic loosening of cementless neck-retaining conservative
implants (CFP or similar) or aseptic loosening of a
metaphyseal bone stock-retaining stem, such as the SMF
stem (Fig. 6).

This defect is partially comparable to Paproski type I fem-
oral defect for conventional stems, but with a very limited
femoral canal violation (being the stems involved shorter than
a conventional stem).

PFD type IV

Question 1: No
Question 2: No
Question 3: No
Question 4: No
A femur with a type IV defect shows a deficiency

comparable to Paproski type I defect, with involvement
of significant tract of diaphyseal spongy bone, where cor-
tical diaphyseal bone is usually intact: this defect is usu-
ally met in late or septic loosening of a metaphyseal bone
stock-retaining stem, such as Mayo stem (Fig. 7), with
considerable subsidence of the stem.

On the basis of the classification described above, we sug-
gest the following revision strategies:

PFD type I defects Virtually, every conservative hip stem can
be implanted, except for a resurfacing or mid-head resection
implant. This wide range of revision options is allowed by a
supportive femoral neck, both in cortical and cancellous bone.
We performed a new primary hip with a neck-retaining im-
plant (CFP stem and Metha stem) (Fig. 8).

PFD type II defects The choice of implant may vary on the
basis of fracture level, but a short metaphyseal stem seems to
be more reliable for a conservative revision: an intact
trocantheric fossa means that most of the metaphyseal cancel-
lous bone can still be supportive; components that require only
a partial—medial—neck retention (while lateral neck cortex is
generally opened with a box osteotome) appears to be partic-
ularly suitable in this type of defect. We usually selected a
short stem with a generous proximal fill and fit and a scratchFig. 5 PDF II prosthetic neck fracture in a neck-retaining implant

Fig. 6 PFD III early aseptic loosening of a metaphyseal short stem

Fig. 4 PFD II neck fracture below a resurfacing hip
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fit enhanced by porous coating (i.e., SMF) that in proximal
femur seems to be more reliable than HA-coating.

However, in the presence of significant stress-shielding
(frequently observed in some short or neck-retaining design
such as Mayo Stem and Metha Stem) in zone 1 of Gruen, we
consider a metaphyseal bone in proximal lateral femur not
supportive and then defect should be defined as type III.

Type III defects The rate of neck preservation is comparable to
a conventional osteotomy; a metaphyseal cancellous bone is
only partially lost, and a very limited femoral canal violation
by the primary short stem is usually detected: a conventional
primary stem is affordable as revision option, with few restric-
tion in terms of design (proximal fit with distal taper or prox-
imal plus distal fit) and no preference in terms of surface
finishing or coating (textured or HA-coated).

In early failure of a metaphyseal short stem, where implant
removal did not require extensive proximal bone loss, or loos-
ening of a severely undersized standard stem, a revision with a
second short stem (usually a little over-sized compared to
primary hip) may still be an option.

The use of a straight stems, in any case, may have some
advantages compared to anatomic components, being primary
stability less influenced by proximal fill: Impaction grafting is
then not usually needed.

Type IV defects This situation reaches the limit possible for a
conservative revision: The extensive cancellous proximal
bone loss suggests that surgeons use a conventional straight
stem (able to fit proximal and distal cortex) in conjunction
with endomedullary impaction grafting (Fig. 9) or decline
the conservative strategies, in favour of a proximally coated,
non-cemented implant with diaphyseal fixation (or distal fix-
ation with an extensively porous coated implant), as usually
suggested by conventional strategies. Regarding this point,
clinical outcomes of intramedullary cancellous impaction
grafting alone or in combination with cortical allografts
showed no significant differences [14]. Fully hydroxyapatite
conventional stems provided reliable results as revision com-
ponent up to 27 years of follow-up, improving results of
cemented or proximally coated stems [15].

Fig. 8 PFD I pre-operative AP x-
ray and post-operative AP x-ray
(CFP stem)

Fig. 7 PDF IV late aseptic loosening of a metaphyseal short stem
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This new proposal of classification has been validated for
intra-observer and inter-observer reproducibility.

A group of 25 X-rays (our 21 primary failed hips, our
two failed conservative revision, 2 cases from other
Institutions) have been electronically sent to five ortho-
paedic surgeons experienced in total hip replacement
and five orthopaedic surgeons that only occasionally per-
form primary or revision hip (together with a brief expla-
nation of type I to IV defects and classification scheme).

The same group of radiograms, set in a different order, was
sent to the same assessors two weeks later.

Results were subjected to weighted Kappa statistical
analysis.

Results

Kappa values for inter-observer agreement were 0.69 after
first evaluation and 0.71 after second evaluation for experi-
enced reconstructive surgeons. Kappa values were 0.59 after
the first evaluation and 0.61 after the second evaluation for
occasional reconstructive surgeons.

Intra-observer agreement was 0.79 for experienced recon-
structive surgeons and 0.63 for occasional reconstructive
surgeons.

Clinical outcomes of our conservative revisions showed a
survivorship of 90.47% (mean follow-up 54 months, range 6–
152 months). Harris Hip Score raised from a pre-operative
mean value of 51.76 to 92.86.

We had two cases undergone a second procedure (one for
septic loosening, one for prosthetic neck fracture).

Actually, no further patient is scheduled for further re-
operation and no clinical or radiographic signs of femoral
loosening have been detected.

Discussion

Revision with primary stem is not a recent acquisition, as
efficiently described by Cavagnaro et Al. in 2018 [16] in their
systematic review where specifically focused studies were de-
tected from 2000 to 2016. Then, escalation of invasivity is not
the unique strategy for femoral revision.

As described above, in revision settings after a conservative
implant failure, wemay have a limited bone defect, still suitable
for a conservative bone preserving stem, pushing the concept of
revision with primary stem further, to conservative revision.

Actually, there is a lack of references about pre-operative
bone defect estimation after a conservative femoral compo-
nent failure. This new classification tries to give the first step
to understand and plan effectively a Bconservative revision.^

Even if it is in an embryonal phase, this classification
shows a Bgood^ inter- and intra-observer reproducibility
[17], comparable to conventional classifications [18, 19], in
particular for experienced reconstructive surgeons.

The stepwise procedure of question answering has been
introduced after a preliminary evaluation of inter-observer re-
producibility (not included in the present study), because of
the confusion in which aspect would be considered more im-
portant between neck and metaphyseal bone preservation.
Confusion was, as expected, more evident in preliminary an-
swers by occasional reconstructive hip surgeons.

Under a clinical point of view, limited defect is usually
related to early loosening both of resurfacing or short femoral
components (defects I and II), while in defect types III and IV,
a standard primary stem may give a more reliable stability
(with or without impaction grafting).

Limited to neck-preserving implants and short metaphyseal
stems, an endofemoral extraction of failed stem is mandatory
for further steps in conservative revision strategy, whereas a
proximal femoral osteotomy would be an exclusion criteria.

Obviously, any deviation from a properly defined support-
ive proximal femur bone stock, pre-operative or intra-
operative after stem extraction, should suggest the choice of
a conventional revision option, on the basis of the guidelines
widely accepted.

On our routine, an early or mid-term failure in young pa-
tients suggests a revision strategy as much conservative as
possible, if the indications—related to their young age—are
not significantly modified.

A large experience with conservative hip solutions as prima-
ry procedures is vital, to face a revision with a solid background
on conservative hip arthroplasty techniques and a clear under-
standing of needs in term of femoral support for each stem.

Fig. 9 PFD IV pre-operative AP x-ray and post-operative AP x-ray
(Platform stem)
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In our experience, a proper pre-operative planning may
lead to successful Bconservative revision procedures.^

Out of our 21 cases, none underwent further revision due to
aseptic loosening (follow-up ranging from 6 to 152 months). We
had only one case of re-operation due to early septic loosening: a
Mayo stem implanted after resurfacing mechanical failure for
fracture, then revisedwith a two-step procedure (antibiotic spacer
followed by conventional primary stem—Platform, Smith
&Nephew London, UK—and proximal bone graft).

We had a further case revised for modular neck failure
(fracture): a Metha (BBraun, Melsungen AG) modular stem
was revised to a Monolithic SMF stem (Smith & Nephew
London, UK) four years after implantation.

A follow-up of some of our procedures exceeds ten years
giving a time-tested reliability: a conservative hip arthroplasty
then is not a Bone-shot^ opportunity for young and active people.
A Bconservative revision^ is a valid option for at least a part of
them,who has experienced an early failure of primary procedure.

Aseptic loosening and periprosthetic fracture (the latter
limited to resurfacing) are typical situation suitable for revi-
sion of conservative femoral components, while carefully se-
lected cases of early septic loosening of a short stem (that we
usually manage with a two-staged procedure) may be revised
again with a short stem: we had one case in our experience,
with re-implantation of the same design (SMF, Smith &
Nephew, London, UK) one size larger, after antibiotic spacer
removal in a 58-year-old male. It was an early septic loosen-
ing; infection was initially treated—four weeks after primary
procedure—with soft tissue debridement and six weeks later
with endofemoral explantation and spacer. Antibiotic remains
in situ for three months before final re-implantation.

Type IV defects represent a group of cases in which a
conservative revision may represent a time/resource expen-
sive procedure, and a careful selection should be performed
to avoid an early second revision.

Anyway, in revision surgery, pre-operative bone loss may
be underestimated and intra-operative findings may be worse
than expected (in particular if stem extraction is challenging).
Vital is to prepare revision surgery with dedicated instrumen-
tation to simplify revision procedure and avoid undesired ex-
tension of operative time and intra-operative bone loss, as
well-established for conventional straight stems [20].

Unfortunately, conservative stems allow only a little mar-
gin in over-sizing and sub-optimal positioning: then, is man-
datory to be prepared with a conventional or revision stem, in
case of quitting conservative revision previously planned.

Usually, we applied a logic of stepwise progression:
resurfacing-neck-retaining stem-metaphyseal short stem-
standard stem.

However, in some selected cases, a revision with the same
category of conservative stem (in our experience, neck-
retaining CFP revised with neck-retaining nanos) would be
possible and in very selected ones even a de-escalation is not

impossible; if for any reason, a standard femoral component
was significantly under-sized, and a short stem with
metaphyseal anchorage can achieve a reliable stability in
proximal femur despite the level of canal violation.
Following this principle, we revised a severely undersized
Corail stem (De Puy, Warsaw, IN) using a SMF stem and a
McKee Farrar stem (with a very thin layer of cement around
the implant, which can be easily removed) with a slightly
over-sized nanos stem.

Being this study based on a retrospective evaluation of our
conservative revisions, a further step will be to prospectively
compare x-ray classification with intra-operative findings to
validate its ability to predict revision complexity.
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