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Abstract Femoral stems with reduced stiffness have the
potential of decreasing stress shielding and could be an
alternative in revision surgery when restoration of bone
stock is required. We retrospectively reviewed 38 patients
(40 stems) with a central core of cobalt-chromium sur-
rounded by a polymer and an outer titanium mesh layer
containing a proximal coating of hydroxyapatite/tricalcium
phosphate; 30 of the 38 patients (32 hips) had a minimum
2-year followup. We impacted morselized allograft around
the stem in 28 of 32 revisions. Repeated radiostereometric
examinations showed medial, distal, and posterior migra-
tion (median, 0.21 mm, 0.17 mm, and 0.96 mm,
respectively) of the femoral head center for up to 6 months
followed by stabilization. Measurements of bone mineral
density in the seven Gruen zones at 6 months revealed
either a decrease (down to a median of 3%), no change, or
a slight increase (up to 5%) followed by a further increase
up to 2 years in three of the regions (2, 3, and 5). Con-
ventional radiography at 2 years demonstrated graft
remodeling and incomplete radiolucent lines in 19 hips,
mainly in Regions 1 and 7. Two hips were reoperated on as
a result of dislocation, but none of the stems had been
revised.
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Introduction

Revision of a failed femoral stem to eliminate pain and to
restore function requires stable fixation of the new stem.
Restoration of the bone surrounding the failed component
is also important to minimize the risk of recurrent failures
and to facilitate any future revision procedure. To maintain
bone stock, the proximal part of the femur must carry the
load transferred from the stem and proximal muscular
attachments. However, in the revision situation, the prox-
imal femur is more or less damaged and the remaining
bone tissue compromised. To secure sufficient stem sta-
bility, the fixation area often requires enlargement. This
may be accomplished with a long stem, which in a repro-
ducible way can increase fixation in uncompromised bone
distal to the failing implant. However, this decreases
proximal load transfer and may increase the risk of stress
shielding and more proximal bone loss. Most revisions of
the femoral component will therefore become a compro-
mise between two goals, fixation and proximal load
transfer with fixation as the highest priority.

One possible solution to this problem is restoration of
proximal bone stock using impaction grafting and a
cemented stem. This technique has resulted in restoration
of proximal bone mass and 0% to 6% loosening after 2 to
10 years mean followup, whereas the total reoperation rate
was higher (up to 13%) mainly because of postoperative
femoral fractures occurring distal to the stem [8, 10, 20, 22,
32, 35, 44]. Some studies have raised concern about early
subsidence occurring in 10% to 44% of their cases, and



Volume 466, Number 2, February 2008

Low Stiffness Stem in Revision Surgery 381

intra- and postoperative fractures seem to remain a problem
despite generous use of strut graft augmentation [8, 23, 26,
32]. These partly conflicting results probably mirror the
complexity of these procedures. The new stem will be
anchored partially into a region of the femur with more or
less pronounced bone loss and osteopenia, which makes the
surgery demanding and sensitive to technique. Impaction
grafting has also been used with cementless fixation, but so
far to a very limited extent [28, 36].

The tradeoff between distal load transfer and proximal
stress shielding has been debated in the primary situation
[15, 16, 24, 49]. Numerous composite stems made of
polymer materials reinforced by a central metallic core,
carbon fiber, or a flexible metallic construct were tried in a
few studies [7, 12, 17, 21, 27, 29, 30, 38, 41, 43, 51, 52]
and also in revisions [25, 31]. Even if some of these stems
reduced postoperative loss of proximal femoral bone
mineral density (BMD), most of them failed clinically as a
result of poor fixation. In the early 1990s, a new variation
of the low stiffness stem concept became available for
clinical trials after preclinical testing [11, 50]. The most
important change was probably the addition of porous
surface mesh made of titanium attached to the polymer
(polyaryletherketone). This type of stem achieved excellent
fixation in primary THA based on radiostereometric mea-
surements [18]. Compared with a solid stem, it was
associated with less periprosthetic bone loss. The clinical
results have been favorable, but the longest followup
reported in the literature is only 6 years [1]. The docu-
mented ability of this stem to address proximal stress
shielding in primary THA [18] makes it an attractive
alternative in revision. There is, however, a need to doc-
ument its use in revision. In these cases, there is more or
less pronounced loss of bone resulting from distal load
transfer induced by the previous stem and, in most
instances, by a preceding loosening process or osteolysis.
The bone turnover is increased and regardless of use of
allograft bone, the metabolic response of the bone tissue to
a revision stem can be expected to be different from the
one observed after primary surgery.

In revision, the proximal part of the medullary canal is
often more or less cavitary. This can be addressed by the
use of bone cement, bone graft, or bone graft substitutes
before a new stem is inserted. Another alternative is to
make the canal bigger by reaming or broaching provided
the femur is sufficiently wide and robust for further
removal of bone. A third alternative when using a ce-
mentless stem is to compromise between the two
techniques broaching until some contact is reached
between the broach and the endocortex and then adding
morselized allograft to improve contact and stability.

We therefore asked four questions: (1) Can this low
stiffness stem with titanium mesh achieve stable fixation in

revision when measured with radiostereometry? (2) If so,
will it promote restoration of proximal bone density? (3)
Will impacted allograft bone around this stem remodel on
conventional radiographs as previously observed around
cemented stems? (4) Could the amount of subsidence at
2 years to any extent be predicted by demographic factors,
the magnitude of the bone defect, allograft volume used,
stem size, and/or postoperative bone mineral density?

Materials and Methods

We prospectively followed 41 patients (43 hips) revised
with the Epoch stem (Zimmer Inc, Warsaw, IN) by three
surgeons (JK, JTH, HM) between January 1999 and
October 2004. Because two of the surgeons only operated
on two and one hip each, these cases were excluded from
the evaluation, which left 38 patients (40 hips) operated on
by one surgeon (JK) for our prospective review (Table 1).
(The surgeon [JK] selected 41 hips for this procedure, but
changed to a longer cemented stem during the operation in
one of them as a result of a preoperative fracture, leaving
40 hips.) Before the minimum 2-year followup, five
patients (five hips) died of causes unrelated to the index
operation. Another three patients (three hips) did not want
to report for followup at 2 years; two did not attend
because of poor general health and one because of social
problems. None of these stems had been exchanged. This
left 30 patients (32 hips) for final radiographic review. One
patient developed a trochanteric pseudarthrosis resulting in
an insufficient number of stable tantalum markers in the
distal femur. Another patient underwent surgery for reat-
tachment of the trochanter and change of neck length that
made further radiostereometric analysis studies uncertain,
leaving 30 hips with complete radiostereometric followup
at 2 years. One patient did not have a postoperative dual-
energy xray absorptiometry examination and one patient’s
6-month dual-energy xray absorptiometry examination
could not be evaluated, resulting in 28 patients (30 hips)
with successful examinations postoperatively at 6 months
and 2 years. This study was approved by the local ethical
committee (S664-02).

The Epoch stem has a central metallic core made of
cobalt-chromium alloy. The core is surrounded by a
polymer (polyaeryletherketone). The polymer is covered
by a porous layer made of titanium. In all of our cases, the
proximal two-thirds of the mesh had a ceramic coating
made of a mixture of hydroxyapatite and tricalcium phos-
phate [11].

The surgical indication to choose a low stiffness stem
included amount of bone loss (mainly Grade II-III
according to Gustilo and Pasternak [14]) and a femoral
canal that, according to preoperative planning, could
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Table 1. Patient Data

Variable Numbers or
Median (range)
Male/female 25/15

Age (years) Mean, 70 (range, 36-87)
Mean, 27 (range, 20-33)
Number of previous revisions (0/1/2/3) 31/7/0/1

Previously infected THA (no/yes) 36/4

Bone defect [14] (Grade I/II/III/IV)

According to radiographs

Body mass index (kg/m?)

1/27/11/1

According to surgeon after 1/22/16/1

stem removal
Allograft volume” (mL)
Stem size (14/15/16/17/18)

Heterotopic bone formation
(/I/II/IV) [6]

Harris hip score

53 (range, 5-140)
14/8/7/6/5
23/3/6/0

Total scores
Preoperatively 57 (range, 17-100)
89 ( range, 47-100)

30 (range, —5-73)

2 years

Difference 0-2 years
Pain

Preoperatively 20 (range, 0—44)
44 (range, 20—-44)

20 (range, —14-44)

2 years
Difference 0-2 years
Visual analog scale
Pain at rest
Preoperatively 20 (range,0-80)
0 (range,0-70)
—20 (range,—80-40)

2 years
Difference 0-2 years
Pain during activity
Preoperatively 50 (range, 0-100)
3 (range, 0-80)
=50 (range, —90-60)

2 years
Difference 0-2 years

*Measured intraoperatively.

receive stem sizes 14 to 18 (the only sizes available). We
also required a proximal femur with a contained defect or a
defect that could be converted to a contained defect using
mesh to surround the defect so a standard stem length could
be used. The intention was to remove as little endosteal
bone as possible. This implied the stem in almost all cases
achieved some endosteal contact, usually distally. Bone
graft was intended to fill out defects, which were most
common in the proximal region where they jeopardized
rotational stability.

An anterolateral or posterior approach was used with the
patient on their side. One to three prophylactic cerclage
wires were attached distal to the greater trochanter in all but
two of the hips. In 36 hips, morselized allografts were
impacted either before or after insertion of the stem. There
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were no impaction instruments available for the Epoch stem.
If impaction was completed before stem insertion, a tibial
Kiintscher nail and polished phantoms intended for other
types of stems were used. Otherwise, the graft was impacted
around the stem after insertion using various types of tamps.
This technique was used when only a small amount of graft
was necessary and only in the proximal part of the femur. We
used mesh to contain the defects in three hips. Intraopera-
tively, the surgeon recorded the amount of grafted bone in
milliliters and reclassified the femoral defect [14] after the
stem and any cement had been removed. These data were
recorded in a standardized protocol immediately after the
operation. There were six intraoperative complications:
three trochanteric fractures (two greater trochanter, one
lesser trochanter) and three calcar cracks detected after
insertion of the stem. These complications were treated with
more wires during the operation.

During the operation, six to nine spherical tantalum
markers (¢ = 0.8 mm or 1 mm) were inserted into the
proximal femur. In this study, only a subset of stems was
supplied with tantalum markers by the manufacturer. To
standardize the radiostereometric measurements, we deci-
ded only to account for translation of the femoral head
center (medial [+]/lateral [-], proximal [+]/distal [-],
anterior [+]/posterior [-]). Stem motions in the postopera-
tive period are usually a combination of translations and
rotations. When several markers are inserted (eg, at the tip,
shoulder, and collar) and the femoral head center is used as
another marker, translations are usually reported as
motions of a point situated at the gravitational center of
these markers. This point of measurement is determined by
the position of the markers in the stem and the head center.
In practice, it is commonly located at a level one or a few
centimeters below the lesser trochanter and close to the
medial part of the femur. In this study, we measured
translation at the head center.

Rotation could not be measured. However, anterior or
posterior migration of the head center could be interpreted
with high probability as an effect of anteversion or retro-
version of the stem. Medial and lateral displacement of the
head center could be an effect of varus or valgus tilt even if
other motion (eg, rotation of the stem along its central core)
could result in the same motions despite no varus or valgus
tilt. Thus, the recorded medial/lateral and anteroposterior
translations of the femoral head center reflect rotations, but
the rotations should be interpreted cautiously when the
translations are small.

Postoperatively, the patients were instructed to bear
weight partially (up to 20 kg) using two crutches for
6 weeks. Thereafter, the patient was encouraged to bear as
much weight as tolerated.

Radiostereometric examinations
technique were performed supine 3 to

using a uniplanar
6 days
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postoperatively, after 6 months, and after 1 and 2 years
[19]. During the time period of this study, the software was
updated to improve the accuracy of calculations [4].
However, the determination of the precision of the mea-
surements was based on the older technique to reflect a
worst case scenario. These calculations were based on
double exposures [53] of the 31 different hips in this study.
The 99% confidence intervals of the error (2.7 standard
deviations) were 0.28 mm, 0.29 mm, and 1.16 mm (medial
[+]/1ateral [-], proximal [+]/distal [-], anterior [+]/posterior
[-] head translation, respectively). The marker stability and
scatter between the postoperative and the 2-year followup
corresponded to a median value of the mean error of rigid
body fitting of 0.19 mm (range, 0.06-0.32 mm) and 27
(range, 16-112) based on seven (range, 4-9) tantalum
markers in the femoral segment [53].

Measurements of BMD were performed postoperatively
and after 6 months, 1 year, and 2 years using a Lunar DPX
IQ (GE Healthcare, Buckinghamshire, UK). The precision
of these measurements (coefficient of variation %) has
previously been calculated to vary up to 6.2% depending on
the Gruen region analyzed [9]. Conventional radiographs
(pelvic, anteroposterior, and lateral views) were taken
postoperatively and after 2 years. The radiographic evalu-
ation included heterotopic bone formation [6], presence of
newly developed radiolucent lines, formation of rounded
radiolucencies (osteolysis), and morphologic changes of the
periprosthetic bone. Radiolucencies were graded within
each Gruen region in four classes (no lucency, less than
50%, 50% to 99%, or 100% of the interface). Periprosthetic
bone remodeling was also graded in four classes (no
change, bone resorption, formation of new bone trabeculae
or trabecular remodeling, and cortical repair or thickening).
We accounted only for radiographic changes on the anter-
oposterior view because the variable quality of the lateral
view, especially on the postoperative examination, made
evaluation of this view uncertain. Harris hip score and two
visual analog scales, one for pain at rest and one during
weightbearing, were used. The patient was provided with a
plastic stick in a transparent envelope supplied with a
vertical red line. The patient placed the line anywhere along
a black line with two vertical lines, one at each end repre-
senting no and maximum pain. On the back of the stick and
not visible to the patient, there was a scale graded from 0 to
100. All examinations and instructions to the patient were
performed by an orthopaedic surgeon.

Femoral head migration (translation from 3 to 4 days
postoperative to final followup) and changes in BMD were
evaluated using the Wilcoxon signed rank test. We used
linear regression analysis to ascertain any associations
among demographic factors, bone defect, allograft volume,
stem size, postoperative BMD, and femoral head migration
at 2 years.

Results

Overall, the stems migrated for up to 6 months after
insertion and thereafter stabilized. Most of this migration
occurred before 3 months. At this time, the femoral head
center displaced a mean of 0.27 mm medially (range, —
1.11-3.22 mm), -0.20 mm distally (range, -4.21-
0.22 mm), and -0.73 mm posteriorly (range, —7.30—
0.78 mm). Between 3 and 6 months postoperatively, there
was a change (p = 0.003) in the femoral head position in
the posterior direction (median, —0.86 mm; range, —8.75—
0.81 mm), but no change in the medial/lateral or proximal/
distal direction. After the 6-month followup, the stems
stabilized (Fig. 1).

Radiographic evaluation confirmed stable fixation at
2 years. Radiolucent lines were limited and most com-
monly located in Regions 1 (11 cases) and 7 (10 cases)
(Fig. 2). Complete lines were only found in Region 7 (three
cases). In the other regions, incomplete lines were found
with a lower frequency. Thirteen of the 32 hips available
for examination at 2 years had no radiolucencies. Regional
osteolysis or calcar granulomas were not observed.

Six months postoperatively, the BMD showed a slight
median decrease (1%—3%) in Regions 2 to 5, no change in
Region 7, and a minimum increase of 1% and 5% in
Regions 6 and 1, respectively (Fig. 3). Between the 6-
month and 2-year followup, the BMD increased 3% in both
Region 2 (p = 0.02) and Region 3 (p = 0.004) and 5% in
Region 6 (p = 0.02).

In the radiographic evaluation, we observed trabecular
bone remodeling, particularly in Regions 1 and 7 (Fig. 4).
It was also the most commonly observed change in Region
2. Cortical repair was mainly found in the distal regions (3,
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Fig. 1 The graph shows the medial (+)/lateral (—), proximal (+)/distal

(-), and anterior (+)/posterior (—) head translations up to 2 years
(mean =+ standard error).
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Fig. 2 The distribution of radiolucent lines in the seven Gruen
regions for the 32 hips with radiographic followup is shown. The
length of the radiolucent line is given in one of four grades: no
radiolucency; 1% to 50%; 51% to 99%; or 100% of the interface.
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Fig. 3 Bone mineral density in the seven Gruen regions after
6 months and 2 years (right) for the 30 hips with full dual-energy
xray absorptiometry data is shown. Median change and range related
to the postoperative examination is shown in percent.

4, and 5), but most frequently these regions did not change
between the postoperative and 2-year examinations. When
present, bone resorption was almost exclusively localized
to the proximal regions (1, 2, and 7).

The Harris hip score improved from a median of 57
points (range, 17-100 points) preoperatively to 89 points
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Fig. 4 Distribution host bone and/or graft remodeling in the seven
Gruen regions for the 32 hips with radiographic followup is shown.
Bone remodeling was classified in one of four classes: resorption, no
change, trabecular remodeling, or cortical restitution. We used the
type of remodeling judged most predominant in each region.

(range, 47—-100 points) at 2 years (Table 1). There was also
an overall improvement of the pain scores. Two patients
reported their pain had increased.

We observed a weak association (r* = 0.15; p = 0.04)
between medial/lateral shift of the femoral head center at
2 years and the postoperative BMD in Region 7. The
lower the density, the more the medial head had migrated
at 2 years (r* = 0.15; p = 0.04). None of the other factors
included in the regression analysis had any influence on
the proximal/distal or anteroposterior femoral head
migration.

There were three fractures distal to the stem in three
patients. All occurred 4 to 6 months postoperatively. Two
of these patients died within 2 years of the index opera-
tion. Another patient had a supracondylar fracture
4 months before the 2-year followup but did not attend as
a result of poor health. Three hips dislocated. Two of
these underwent reoperation with a change to a bigger
head; one of them underwent reattachment of the greater
trochanter. This patient developed a deep infection after
the second procedure that healed after open débridement
and retention of the uncemented components. Six months
after cessation of antibiotics, he had no symptoms, no
signs of loosening, and a normal C-reactive protein level
(< 5 mg/L).
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Discussion

The rationale for our study was to evaluate if the Epoch
stem could be used in the revision situation. To qualify, it
should achieve sufficient stability and promote bone
remodeling and restitution. Furthermore, we wanted to
know if factors related to the surgical procedure or patient
could be used to predict fixation and thereby facilitate
patient selection.

The results of this study are encouraging but should be
viewed against the background of our study design. Only
one surgeon was involved, which is an advantage con-
cerning influence of confounders such as patient selection
and surgical technique. However, further studies are nec-
essary to evaluate the reproducibility of the procedure with
other surgeons and in other centers. Like in some previous
series of impaction grafting with use of cement, the inci-
dence of postoperative fractures distal to the tip of the stem
was high [8, 34]. This might indicate there could be a place
for a longer Epoch stem even if other measures such as
improved patient selection, cortical struts, or other stem
designs can address this problem. The followup is also
comparatively short, and late-occurring problems such as
regional osteolysis cannot be accounted for. We have not
observed this complication in our primary Epoch stems
with followup of 7 to 10 years. This observation is not
quite transferable to revisions but suggests it will not
become a major problem in the future. All patients had
lateral radiographs, but their quality was not good enough
for a consistent evaluation. We could not detect any certain
ominous signs on any of the lateral radiographs, but their
lack of quality leaves some uncertainty concerning the true
outcome with regard to any problems that might occur with
longer followup. The clinical followup could also be
improved. Today, we prefer self-administered question-
naires to avoid any interference with the hospital personnel,
who might have been present during the operation or at the
repeated followup occasions. Finally, there are no dedi-
cated impaction instruments to be used with the Epoch
stem, which is a prerequisite for widespread use.

According to the radiostereometric measurements, the
Epoch stem achieved stable fixation within 3 to 6 months.
This observation was supported by the conventional
radiographic followup. When present, the early loss of
BMD was small. In three of the Gruen regions, the BMD
increased between 6 months and 2 years. Use of impacted
bone graft did not seem to jeopardize the stability and was
associated with graft remodeling with limited or no
development of radiolucent lines.

Uncemented stems rely on early stabilization to achieve
ingrowth and fixation in the long term. In a clinical situa-
tion, it is unknown how long a stem can continue to subside
and still achieve secondary stabilization and bony fixation.

A substantial amount of migration was observed in many
of our stems up to 3 months postoperatively followed by
more limited posterior displacement of the femoral head
(probably an effect of retroversion) up to 6 months post-
operatively. This is an interesting observation that needs
further studies to establish the upper time limit for migra-
tion as measured with radiostereometric analysis that is
compatible with long-term stability of uncemented
implants. Based on previous laboratory studies, use of
hydroxyapatite seems advantageous because studies in the
canine have shown such implants can stabilize despite an
early period of micromotion [47].

The original Epoch stem is anteverted, which could be
an advantage as long as most of the proximal anatomy of
the femur is intact. If there is a Type 2 or 3 defect and loss
of the entire neck region, it is more difficult to achieve
rotational stability with and especially if the distal part is
round like in the initial Epoch design. Recently, a straight
stem design has been introduced. This stem could theo-
retically be advantageous but has at present only limited
documentation. Another problem with the impaction
grafting procedure we used was lack of dedicated instru-
ments and the ability to test rotational stability with a
torque wrench after impaction. To become a reasonable
revision option, we believe it is desirable to make more
sizes available and also to introduce and evaluate longer
stems.

The stiffness of the proximal femur supplied with a
femoral stem prosthesis increases with the stiffness of the
cortical bone area, the size of the medullary canal and the
stem, the rigidity and the shape of the implant used, and the
quality of the interface [16, 45]. Use of solid metallic stems
fixed without cement has consistently caused proximal
bone loss [34, 39, 40, 46]. Increase of the stem diameter
often necessitated by aging and a thin femoral cortex or
reaming of the canal will further promote proximal stress
shielding and distal load transfer [42, 45]. With smaller
stem sizes, the relative stiffness of the stem will become
less important, but some studies failed to find any corre-
lation between BMD loss and stem diameter [2, 37] or that
substantial loss of BMD also occurs with smaller stem
sizes [46]. Thus, there might be indications for the use of
flexible stems down to size 13, perhaps even smaller, if
they can be manufactured without any increased risk of
stem breakage.

We observed graft remodeling and some radiolucencies
in the proximal zones between the remodeled graft and the
stem after 2 years. It is possible the graft closest to the stem
had not had yet been remodeled by 2 years. Previous
studies by Sorensen et al. [48] suggest, however, this
process is complete after 1 to 2 years. Eleven of the hips in
our study have been followed for 5 years (Fig. ).
According to radiostereometric analysis, they all remain
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Fig. SA-B A 39-year-old man received an uncemented Harris-
Galante Type I stem, which was revised for loosening after 16 years.
(A) Postoperative anteroposterior and lateral views are shown. At
revision, morselized bone graft (85 mL) was impacted before and
after insertion of the stem. The patient had renal transplantation
17 years earlier. At the 3-month followup, the femoral head center

stable and the bone remodeling seems to continue without
any progression of radiolucent lines. Thus, it seems our
observations at 2 years are representative at least for the
midterm outcome.

Previous studies of primary uncemented stems demon-
strate proximal bone loss at 6 months [3, 5, 33], sometimes
followed by further loss of BMD [13, 40] or a tendency
for improvement in some regions [3, 40]. This tendency to
early loss sometimes followed by various amount of
increase might be one of several factors [40] that can
explain the variable results previously reported [39].
Because the pattern of bone remodeling after insertion or
change of a THA varies with the time to followup, com-
parison between different studies can only be performed if
the same followup routines have been used. In two previ-
ous reports of primary Epoch stems with followup similar
to our study [1, 18], proximal bone loss was observed after
2 years (Regions 1 and 7) in 6% and 27.5%, respectively.
In our study, there was no change of the median value
in Region 7 and a slight increase in Region 1 at both
followups. Thus, the bone tissue seemed to react differently
in the revision compared with the primary situation. If
these data really represent a true difference, provided
possible confounders are considered, they could indicate
that the new revision stem restores load to the proximal
femur. Together with findings of stem stability after 3 to
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had migrated 0.8 mm medially, 0.5 mm distally, and 4.2 mm
posteriorly. At subsequent examinations up to 5 years after the
revision, there was no further migration. (B) Five years later, there
were signs of graft remodeling (mainly visible on anteroposterior
view) and some restitution of the anterior cortex especially (lateral
view).

6 months and bone remodeling on conventional radio-
graphs, they also suggest the graft tissue is partly or
completely substituted with new bone.

The Epoch stem could become a reasonable option to
treat small to moderate bone defects in revision surgery. In
our series, this stem was associated with good fixation,
favorable bone remodeling, and acceptable clinical results.
It did not prevent some of the recognized complications to
revision surgery such as intra- and postoperative fractures.
At present, instruments and selection of stem sizes and
lengths have limitations when used in the revision setting.
Our findings suggest further clinical evaluation of this stem
in revision surgery could be of interest, preferably in
association with updated instruments for revision purposes
and perhaps further development of the stem itself.
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