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Abstract

Introduction Fully hydroxyapatite-coated titanium alloy double-tapered stems have been successful implant designs for
THA. The Novation Element Stem (Exactech, Gainesville, FL) is one of several of these implants following a modified
Corail design philosophy. Although a great deal is known about the results of the Corail stem, little is known about the more
recent Corail-inspired implants. The authors evaluated the clinical outcomes, radiographic findings and survival statistics
of the collarless version of the Element Stem when used routinely in a diverse patient population.

Methods A retrospective review was performed for all primary THR cases from 2010 to 2018. Patient demographics and
HHS/OHS/patient satisfaction scores were obtained. Radiographs were evaluated for stem subsidence, radiolucencies, and
bone responses to the implant.

Results One hundred and fifty seven Element Stems were implanted with greater than 2 years of radiographic follow-up,
while 105 Element Stems implanted during the study period had a survival of 5 years or more. Average HHS was 91.7 and
average OHS was 44.0. 54 of 157 hips had radiolucencies, all of which included a proximal zonal radiolucency. Average
subsidence was 3.33 mm; 18 hips had subsidence >4 mm. There were 8 revisions for: aseptic loosening (4), trauma-related
peri-prosthetic fractures, and early proximal-medial fractures. At 5 years, the all-cause survival rate is 92.4%, 96.2% based
only on aseptic loosening and 98.1% based only on proximal medial fractures.

Conclusion Clinical outcomes using the collarless Novation Element Stem are good, but early proximal medial fracture is
still a factor in patients with poor-quality bone. Proximal radiolucencies progressing to aseptic loosening post-operatively are
also a concern. The 11.5% rate of subsidence is comparable to other fully HA-coated collarless stems. This study provides
a thorough critical analysis of outcomes and midterm survival data of this dual tapered-wedge fully HA-coated collarless
stem used routinely in a diverse patient population.

Keywords HA coating - Cementless collarless femoral stem - Press fit femoral stem - Outcomes - Mid-term outcomes -
Aseptic loosening

Introduction

P< Dennis J. Vanden Berge

dennis.vandenberge @jhsmiami.ore Total hip arthroplasty (THA) continues to be one of the most

common elective procedures performed worldwide as our
current population continues to age [1]. Overtime, the use
of un-cemented collarless stems in the United States has
become common place [1-3]. The relative ease of insertion,
proven implant survival, and reliable clinical outcomes have
made them popular [4-6].

However, challenges, such as the precision of proxi-
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hydroxyapatite (HA), have been designed that attempt to
reduce some of these challenges [10-12]. These implants
achieve initial stability by virtue of their overall shape, do
not necessarily require tight proximal cortical contact, and
achieve long-term fixation through osseo-integration of
their full-length HA coatings [13-15]. They do not require
prominent ingrowth surfaces which can prevent complete
seating, and their proximal shape does not require proximal
fit matching the contours of the femoral neck and calcar.

In 2009, the senior author chose to begin using a new col-
larless fully HA-coated hip stem in primary total hip arthro-
plasty cases. The rationale behind the choice being that the
implant would be more universally applicable and more for-
giving, compared to other collarless un-cemented stems that
rely on proximal fit and proximal femoral ingrowth. To the
authors’ knowledge, there is only one reported study regard-
ing survivorship or complications of the Element Stem,
with Godoy-Monzon et al. reporting a stem survival rate of
93% at 9 years. However, the authors presented little radio-
graphic data, and for the patients that did have radiographic
follow-up, radiolucencies were detected [16]. Magill et al.
provided a recent analysis of the Corail stem with median
6-year follow-up including a collared and collarless vari-
ant, concluding that the presence of radiolucencies in zone
7 was the most prominent radiographic finding. Collarless
femoral stems were found to have a much higher prevalence
of radiolucencies compared to collared stems (23.6% vs.
2.6%, respectively), but a full comparison was unable to be
performed due to heterogeneity [17]. The authors did not
include revision cases in their cohort and thus could not
provide any survival data. Therefore, we felt that a more
critical analysis of outcomes regarding the Element collar-
less stem was necessary.

The current study was conducted to determine the clini-
cal outcomes, patient satisfaction, incidence of subsidence,
prevalence of early femoral fracture and the midterm implant
survival rate using this collarless dual-tapered fully HA-
coated stem at 5-year follow-up. We hypothesize that: 1)
the radiographic clinical results and survival data using this
stem would be comparable to those reported for other similar
fully coated hydroxyapatite stems, and 2) that there would
be a reduced rate of proximal femoral fractures compared to
collarless cementless stems primarily relying on proximal fit
and proximal osseo-integration.

Materials and methods

This is a retrospective cohort study, based on a prospective
joint registry. All study patients were informed, consented,
and entered into a hospital-based IRB approved total joint
registry designed for joint arthroplasty follow-up studies.
The majority of patient data were acquired and entered

@ Springer

prospectively. A few cases predated the database, which
were consented at the follow-up visits. Pre-operative demo-
graphics, radiographic data, and operative data for these
early cases were obtained and entered retrospectively.

The Element Stem (Novation Element, Exactech, Inc.
Gainesville, FL) is a fully hydroxyapatite (HA)-coated
forged titanium alloy (TiAlgV,) dual-tapered implant, which
borrows from the general design concepts of the Corail stem
(DePuy Orthopaedics Inc., Warsaw, IN) or the older Furlong
stem (JRI Orthopaedics, Inc. Sheffield, United Kingdom).
Surface roughness beneath the HA coating in the Element
Stem is Ra 6.9 microns Rt 30 microns, the bonding strength
of the HA coating to the metal substrate is > 15 MPa, HA
purity is 98%, and the crystallinity is 60-90%. There are
many similarities between the Element and Corail implants,
but some notable differences are present. Both stems have
HA coatings applied to an underlying grit blast titanium
alloy substrate using a plasma spray process. The differences
are as follows: the thickness of the Element HA coating is
80+ 20 microns rather than 155 + 35 microns on the Corail,
and both the Element Stem and Corail proximal cross sec-
tions are trapezoidal, (the Corail having the narrowest side
medial with less acute edges, while the Element Stem has
the narrowest side lateral with more acute edges, making the
medial side of the Element Stem broader flatter and sharper).
The neck lengths and offsets of the smaller-sized Element
Stems (8—12) were reduced to fit smaller proximal femoral
anatomies.

The senior author chose to use the collarless version
of the Element Stem with a presumption that in a wedge-
shaped cementless implant, small amounts of early subsid-
ence would be desirable to achieve better initial implant sta-
bility. In part, this attitude evolved from previous experience
implanting the CLS stem (Zimmer, Wausau, IN) [18, 19].

277 primary total hip arthroplasties were implanted by
the senior author at a single institution from 5/10/10 to
3/1/2018 using the Element Stem. Pre-operative templating
was performed in all cases. All surgeries were performed by
or under the direct supervision of the senior author through a
posterior lateral approach. A mini-posterior lateral approach
was used in slender patients. Canal alignment was deter-
mined with a Charnley tapered reamer followed by impac-
tion broaching.

Three different un-cemented ingrowth acetabular compo-
nents with their associated polyethylenes were used during
the study period. These polyethylenes were used in series
based on the surgeon’s changing preference over time, Pin-
nacle — Marathon poly (DePuy Orthopaedics Inc., Warsaw,
IN) 5/10/10-10/15/12, Novation InteGrip—Connection GXL
poly (Exactech, Inc. Gainesville, FL) 2/13/12 — 11/29/16,
and Trident or Tritanium—X-3 poly (Stryker Corp. Kala-
mazoo, MI) 12/27/16 to 3/1/18. Each socket was implanted
according to the manufacturer’s recommendations.
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Study protocol office visits included pre-operative,
6-week, 3-month, 1-year, and every 5 years after surgery.
Clinical outcomes were measured using Harris Hip Scores
(HHS), Oxford Hip Scores (OHS), Charnley ratings, and
visual analog patient satisfaction scores which were acquired
during routine office visits. Protocol radiographs were taken
pre-operatively, in recovery room, 6-week, 1-year, and
5-year post-op. Many patient visits occurred at times other
than those in the protocol. Hip scores and X-rays were there-
fore obtained at these other follow-up intervals. Patients who
did not return for follow-up were contacted by phone and
either asked to return or interviewed to acquire HHS, OHS,
and patient satisfaction scores. Implant survival determina-
tions were made by direct contact, reviewing any available
imaging that revealed an intact implant, or review of medi-
cal records documenting continued survival of the implant.
All radiographs were reviewed by two independent authors.
Radiographs were evaluated for degree of subsidence with
respect to the greater trochanter [8], signs of osteo-integra-
tion, such as spot welding, cortical hypertrophy, or proximal
stress shielding, stem alignment, fixation type, such as distal
potting or 3-point fixation, radiolucencies denoted by Gruen
zones, and Dorr classification [20]. Any signs of fracture,
osteolysis, or infection were noted.

Inclusion criteria included any patient that underwent a
primary THA over the age of 18 with the Element stem from
5/10/10 to 3/1/18, due to primary or secondary osteoarthri-
tis, dysplasia, post-traumatic arthritis, inflammatory arthritis
or avascular necrosis. Patients undergoing revision THA or
primary THA due to malignancy, severe dysplasia requiring
a modular implant, or THA due to femoral neck fracture
were excluded.

A total of 277 stems met these criteria. Exclusion criteria
for the midterm survival cohort included: any patient that
did not have a minimum 5-year follow-up either through:
clinical assessment, telephonic visit, or radiographs
obtained. This excluded 170 patients. Exclusion criteria for
the radiographic and clinical follow-up cohorts included: any
patients without adequate 2 year or greater radiographs or
lack of HHS, OHS, or satisfaction scores more than 2 years
after surgery. This excluded 118 patients in the radiographic
cohort and a further 33 patients in the clinical cohort. A
summary of the total number of patients included in each
cohort is detailed in Table 1. A failure in this study was
defined as any stem which was indicated for a revision.

Comparisons of basic demographic data across our
cohorts were performed with chi-squared analysis for cat-
egorical data and one-way ANOVA for numerical data. HHS
and OHS scores in each group were tested for normality with
the Shapiro—Wilk test and were subsequently found to be
non-parametric, necessitating the use of the Kruskal-Wal-
lis test for statistical interpretation. Kaplan—Meier survival
curves were used to predict survival data. All statistical

analyses were conducted with Microsoft Excel for Statisti-
cal Computing.

Results
Patient demographics

Data in regard to 3 separate cohorts are reported in this
study. 2-year radiographic cohort: out of the 277 stems
implanted, 3 separate cohorts were analyzed. 2-year radi-
ographic cohort: 157 patients had a minimum of 2-year
radiographic follow-up (Table 1), the rest were either lost
to follow-up or deceased. 2-year clinical cohort: 124 stems
had a minimum of 2-year clinical follow-up (Table 1). Mid-
term survival cohort: 105 patients had either radiographic,
clinical, or self-reported implant survival of 5 years or more
(Table 1). Regardless of the cohort, the most common ace-
tabular polyethylene used was the GXL polyethylene, fol-
lowed by Marathon polyethylene. The most common stem
sizes were 9—12, with similar distribution among all groups.
Ninety-three were implanted with standard offset compared
to only 64 implanted with extended offset.

Radiographic outcome

Radiographic outcomes for hips with >2-year radiographs
are detailed in Tables 2 and 3.

Radiolucencies

Fifty-four of 157 hips had radiolucencies (34.4%), all of
which included a proximal zonal radiolucency (Z1, 7, 8,
or 14). Zone 8 and zone 1 were the most common, with
36 and 35 instances reported respectively. Only 7 patients
had an isolated distal radiolucency reported (13%). Twenty-
six of the 54 patients (48.1%) had multiple radiolucencies
reported. When broken down by acetabular implant type,
24 Marathon, 27 Connection GXL, and 3 X-3 implants had
radiolucencies present (Table 4). Ninety-one percent of the
hips were Dorr B, 5.1% Dorr A and 3.2% Dorr C.

Alignment and type of initial fixation

One hundred two were placed in a mild varus alignment
with an average varus angulation of 1 degree (range 0-5).
Fifty-five stems were placed in mild valgus alignment with
an average valgus angulation of 1 degree (range 0-5). A
total of 47 stems (29.9%) were seen to have achieved initial
fixation stability through distal potting, 106 stems through
(67.5%) point fixation and 4 (2.5%) through suspension in
cancellous bone.
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Table 1 Basic demographics

Study population Radiographic 2 +year F/U  Clinical 2+year F/U  Survival 5+ years Clinical 4 radiographic P value
post-op and 2 + year F/U
Total 157 124 105 80
Age (years) 58.2+12.7 58.8+11.9 56.9+11.9 59.2+11.1 0.57
Range: (20-82) Range: (25-82) Range: (20-81) Range: (31-82)
Gender Male: 87 Male: 69 Male: 58 Male: 36 0.99
Female: 70 Female: 55 Female: 47 Female: 31
BMI 28.7+5.20 28.5+5.00 29.2+5.51 29.1+5.15 0.47
Range: (18.9-46.1) Range: (18.9-46.1) Range: (19.5-54.8) Range: (21.3-46.1)
Follow-up (years) 3.85+1.81 4.81+1.53 5.75+1.68 4.65+1.28 <0.0001
Range: (2-10) Range: (2-10) Range: (5-10) Range: (2-7)
Diagnosis 0.97
Degenerative Joint Disease 108 (69%) 92 (74.1%) 73 (70.0%) 59 (73.8%)
Post-Traumatic Arthritis 5(3.2%) 5 (4.03%) 5(4.76%) 3(3.75%)
Avascular Necrosis 34 (21.7%) 22 (17.7%) 22 (25.7%) 14 (17.5%)
Other 10 (6.3%) 5(4.03%) 5(4.76%) 4 (5%)
Cup Implant
Pinnacle 53 34 51 16
Intergrip GXL 92 85 53 60
Tritanium 12 5 1 4
Stem Size
8 11 9 4 3
9 25 14 17 11
10 33 21 22 16
11 37 30 25 19
12 20 22 10 12
13 14 12 13 8
14 8 10 7
15 6 4 3
16 2 2 1
Stem offset
Standard 93 63 63 45
Extended 64 61 42 35
The bold signifies a P-value reaching statistical significance
Categorical Data: Chi-Squared. ANOVA for all other statistics
Subsidence Other findings

Average subsidence for all stems was 3.3 mm (0-95 mm),
with 18 hips having subsidence of greater than 4 mm (aver-
age subsidence of that cohort 15.6 mm (4-95 mm). When
addressing greater trochanteric subsidence in particular,
in patients with subsidence greater than 4 mm, 17/18 hips
were given a Dorr classification score of B and 1/18 Dorr
C. In this group, no appreciable differences were seen when
assessing stem size, polyethylene type, varus/valgus angula-
tion, but distal potting was seen in 4 stems (22.2%).
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Two hips had osteolysis of the greater trochanter. One
hip had a lytic cavity within the greater trochanter not in
contact with the stem, while the other hip had wide lytic
appearing radiolucency in zone 1 which ballooned out
into the trochanter. Neither patient with osteolysis had any
clinical symptoms of failure. Interestingly, both of these
hips were implanted with GXL polyethylene. Two hips
developed Brooker 3 heterotopic bone formation, but both
patients remain asymptomatic.
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Table 2 Summary of radiographic findings

Table 3 Additional radiographic findings

Radiographic finding Number
of occur-
rences/
total

Zone of Radiolucencies Total:

54/157
34.4%
Z1 35
72 2
Z3 1
74 0
75 2
76 3
z71 3
Z8 36
79 1
Z10 0
Z11 0
712 1
Z13 1
714 6
Spot welding
73 23
74
75
Z10
Z11 5
712 24
Cortical hypertrophy
74 1
75 2
712 1
Stress shielding 0
Osteolysis of greater trochanter 2

Clinical outcomes

Average Harris Hip Score at latest follow-up was 91.7
(range 39-100), average Oxford Hip Score was 44.0 (range
13-48) and patient satisfaction score was 9.54 (range
5-10), at the most recent follow-up (Table 5).

Failures leading to revision

There were 8 revisions: 4 for aseptic loosening, 2 for late
trauma-related peri-prosthetic fractures, and 2 early proxi-
mal medial fractures (Table 6).

In regard to aseptic loosening, 1 patient had traumatic
dislocation of bilateral THA after motor vehicle accident.
After initial closed reduction of both hips, the patient later
presented with progressive radiolucencies around the left

Radiographic finding Number of
occurrences/
total

Average greater trochanter subsidence 3+12
Range (0-95)

Greater trochanter subsidence >4 mm 18

Dorr classification

Type A 8
Type B 144
Type C 5

Type of initial fixation

Distal potting 47
Point fixation 106
Suspension in cancellous bone 4
Alignment
Stems in Varus Alignment 102
Average varus angulation (degrees) 1+1
Stems in Valgus Alignment 55
Average valgus angulation (degrees) 1+1

Table 4 Polyethylene liner and radiolucencies

Radiographic findings Implant type

Pinnacle Integrip GXL Tritanium

Zone of radiolucencies

Z1 18 16 1
72 2

Z3

Z4

Z5 2 1
Z6 2 1
z1

Z8 18 15 3
79 1

Z10

Z11

712 1

Z13 1

Z14 3 2 1
Instances of aseptic loosening 2

femoral stem. No revision of the stem was performed due to
a complicated social situation. The other 3 cases developed
progressive loosening without history of trauma. All 4 cases
had Dorr B canals. 3 of the stems (75%) in this group had
a standard offset and 3 of the stems (75%) were in a val-
gus alignment, with an average angulation of 1 + 1 degrees
(range: < 1-1 degrees), and 1 stem was in varus alignment
of 1 degree. That being said, valgus angulation in this group
was not significantly different compared to patients without
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Table 5 Clinical outcomes

Clinical score Clinical survival 2+year Clinical +radiographic post-op P value
F/U and 2 +year F/U

HHS 91.9+12.7 91.9+122 0.50
Range: (39-100) Range: (39-100)

OHS 43.9+6.98 43.7+7.27 0.41
Range: (13-48) Range: (13-48)

Patient satisfaction (0-10) 947+1.12 9.48+1.14 0.98

Range: (5-10) Range: (5-10)

Table 6 Causes for revision

Complications Occurrences
Aseptic Loosening

Peri-prosthetic Fracture-Proximal Medial 2
Peri-prosthetic Fracture-Late Traumatic 2

aseptic loosening (1.2+1 vs 1.11+0.99, p=0.47). In addi-
tion, distal potting was seen in one patient that underwent
revision for aseptic loosening (25%). No statistically sig-
nificant differences were seen with regard to stem size or
polyethylene used between patients with or without aseptic
loosening. Figure 1 shows radiographic progression of radio-
lucencies described from a stem within our cohort.

Two hips had early proximal medial fractures and 2 had
traumatic peri-prosthetic fractures requiring revision, all of
which had a Dorr B classification. All patients with frac-
tures had an extended offset, but no differences in stem size,
polyethylene type, or varus/valgus angulation were seen.
Two hips in this group had distal potting. The remaining
failure was due to excessive polyethylene wear (implanted
with GXL Poly).

Survival

At 2 years with revision as end point, survival rate of this
stem was 99%. The survival rate at 2 years with aseptic loos-
ening as end point is 100%. At 5 years, survival rate with
revision as end point is 92.4%, 96.2% with aseptic loosen-
ing as end point, and 98.1% with proximal medial fractures
as end point. Figure 2 demonstrates the Kaplan—Meier sur-
vival curve for our cohort, further divided into overall sur-
vival versus patients with aseptic loosening versus proximal
medial fractures.

Discussion

The original Corail and Furlong stems are examples of fully
hydroxyapatite (HA)-coated traditional length implants that
achieve initial stability by virtue of their shape and then
acquire reliable long-term fixation by osseo-integration
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of their HA coatings [21, 22]. This philosophy of implant
design has proven to be extremely successful [23, 24]. The
original exclusivity of the Corail design expired, making it
possible for several companies to market their own versions
of the Corail-type design. The Element Stem was one such
implant and acquired 510 K clearance in 2008. Although
there have been many thorough reports of the clinical and
radiographic success of the Corail and Furlong, little has
been published about similar analyses of the Corail-inspired
designs on the market today. Only two other stems have
published survival rates. The survival rate for the Polarstem
(Smith and Nephew, Inc Watford, UK) at 5 years is reported
to be 99.6% and the Avenir stem (Zimmer-Biomet, Warsaw
IN, USA) at 7 years is 98.9% [25, 26].

This dual tapered-wedge fully HA-coated stem was used
by the senior author in all hips presenting for primary total
hip arthroplasty. The only exceptions were hips with femo-
ral canals requiring implant sizes smaller than the small-
est implant or cases of extreme acetabular deficiencies or
femoral rotational abnormalities better served by modular
stems. The collared version of the implant was never used.
Hips with inflammatory arthritis and poor bone quality were
not excluded.

The survival rate of the Element Stem at 5 years with
revision as an end point is 92.4%. This included aseptic loos-
ening, late failures due to high-energy trauma, and early fail-
ures due to low-energy proximal medial fractures. Implant
survival with aseptic loosening as an end point was 96.2% at
5 years which is lower than other fully HA-coated collarless
stems. The patient population in this series was not selective,
as this stem was the workhorse choice for the senior author.
In regard to the Corail stem with revision for any cause as
the end point, Hallan et al. reported a 10-year survival rate
of 98% and Vidalain et al. reported a 23-year survival rate of
96.3% [21, 27]. For the Furlong stem with revision for any
cause as the end point, Shetty et al. reported a 99% survival
at 13 years and Gabbar et al. reported a 94.3% survival rate
at 10 years [22, 28].

Eighteen (11.5%) of our subsided stems had a greater
trochanteric subsidence of more than 4 mm (0-95 mm).
However, these implants remained stable, asymptomatic,
and unrevised. As reported by Al Najjim et al., the subsid-
ence rate for the collarless tapered-wedge fully HA-coated
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Fig. 1 Progressive radiolucen-
cies leading to aseptic loosening
in a 53-year-old female. A
Post-operative recovery room
film demonstrating appropriate
fit. B Film at 10 months already
demonstrates radiolucency in
Zone 1. C Film at 24 months
demonstrating progressive
radiolucencies in Zones 1 and
2. D Film taken 60 months after
surgery demonstrating progres-
sive radiolucencies in Zones,
1,2,3 and 7 with the beginning
of shelf formation

stem at 1 year was 11% and 7.6% for the collared version
[29]. Demey et al. reported that collared un-cemented
stems have significantly greater immediate stability than
collarless as they are able to withstand greater vertical and
horizontal forces before the initiation of subsidence and
subsequent fracture [30]. Another recent biomechanical
analysis suggests that collared stems may offer a protective

effect in torsional loading which translates to reduced risk
of early peri-prosthetic fractures [31]. Second, all of our
stems that sustained subsidence greater than 4 mm were
found to have Dorr B and Dorr C type femur morphology.
It is thought that adequate bone morphology and qual-
ity are necessary to decrease risk of subsidence with use
of a tapered, cementless femoral stem. A recent study
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Fig.2 Kaplan—Meier survival curve

evaluated subsidence of HA-coated femoral stems with
different Dorr type femoral morphology and demonstrated
a 0.4 mm and 0.18 mm greater subsidence in Dorr C- and
B-type femurs, respectively, when compared to Dorr Type
A, although this was not statistically significant [32]. It
might be advisable to consider the use of this dual tapered-
wedge fully HA-coated stem in patients with poor bone
quality and high BMIs, who theoretically might be more
prone to subsidence or early peri-prosthetic fractures.
Two stems (1.9%) suffered early proximal medial frac-
tures (Fig. 3). Both were in women who were diagnosed
and under treatment for osteoporosis. This complication
has been well reported by others using collarless un-
cemented implants, such as the Accolade (3.7%), TriLock
(4.9%), and Corail (5.4%.) [33]. Both of our early-frac-
ture patients required open reduction internal fixation and
stem revision. Although the rate of this complication was
lower than that reported by others, the consequences can
be great. It is not clear whether the flatter proximal medial
surface, resulting in more acute-angled corners, of the dual
tapered-wedge fully HA-coated stem might have played
a role in these early fractures. The authors now consider
using a proximal prophylactic cerclage cable, a collared
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Survival Curve Aseptic Loosening

Years

Survival Curve Proximal Medial Fracture

Fig.3 Proximal medial fracture in a 54-year-old female. A Post-oper-
ative recovery room films demonstrating stable fixation. B Proximal
medial fracture necessitating revision less than 1 month after surgery
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Element Stem, or a cemented implant in advanced osteo-
porotic cases.

Two cases (1.9%) suffered late peri-prosthetic fractures as
aresult of traumatic injuries secondary to a fall at 58 months
and 64 months. Both hips were silent clinically and radio-
graphically prior to the traumatic event. These cases were
treated with open reduction internal fixation and stem revi-
sion. Neither of these failures were felt to be attributable to
the stem design.

Of the four stems (3.8%) that developed progressive radi-
olucencies and aseptic loosening, 3 stems displayed progres-
sive aseptic loosening without histories of trauma. Each had
uncomplicated operative and post-operative courses. One-
year post-operative radiolucencies appeared proximally in
zones 1 and 14. Clinically, they remained asymptomatic.
Radiolucencies continued to progress into zone 8 and more
distal into zones 2 and 3. Three to four years after surgery,
the patients reported pain consistent with stem loosening.
Infection work-ups including CRP, ESR, synovial fluid anal-
ysis, and cultures were negative. Two of these hips were
revised allowing examination of the stems and the other has
yet to be revised because of the coronavirus.

The cause of these late progressive radiolucencies leading
to aseptic loosening is not clear. One possible explanation is
polyethylene wear. All four cases had acetabular components
with moderately crosslinked polyethylene liners (2 Connec-
tion GXL and 2 Marathon). The 4 liners showed 0.9, 1.5, 3.5
and 5 mm of asymmetry, respectively. Two other cases with-
out stem loosening with GXL polyethylene liners had femo-
ral osteolysis. There is a concern with potential early wear
of GXL polyethylene as documented in the literature [34].
However, looking at our Element Stem data, there was no
statistically significant difference in the incidence of radiolu-
cencies or aseptic loosening between those cases performed
with GXL polyethylene and Marathon or X-3 polyethylene at
2 years. Also, of note, no cases of stress shielding were seen
with the radiographic evaluation of our cases.

Another explanation could be degradation or de-bonding
of the HA coating. Resorption and de-bonding of HA has
been reported in the early days of HA coatings [35-39].
Due to the concerns for this HA resorption and de-bonding,
standards for HA coating were developed by the ISO and
ASTM organizations. As per the makers, the stem evaluated
in this study is in compliance with these standards, making
the occurrence of degradation and de-bonding less likely. In
our cohort, when the removed stems were examined, they
showed a uniformed loss of HA coating in both a case of late
peri-prosthetic fracture and aseptic loosening. This resorp-
tion, however, has been described in literature, along with
accounts that thorough bonding of bone to the titanium stem
was visualized even in cases of full resorption [40]. There
was no evidence of de-bonding of HA coating among our
retrieved stems (Fig. 4).

Fig.4 Retrieved element stem. A Element Stem prior to implanta-
tion. B Element stem retrieved after revision for aseptic loosening.
Demonstrated is the uniform loss of hydroxyapatite coating, likely
secondary to resorption and abrasion

Morphology of the proximal femur can affect the initial
fit of the stem preventing the stability necessary for osseo-
integration. One of the proposed fixation mechanisms
with wedge-shaped implants is distal potting. Distal pot-
ting occurs when the diaphyseal aspect of the stem pots
between thick cortical diaphyseal bones. This might leave
the proximal portion of the stem less secure, resulting in
motion responsible for later radiolucencies. The absence of
stress shielding in our cases is consistent with proximal bone
loading. However, in our cohort, no distal potting was seen
for any of the stems with aseptic loosening, making this a
less likely explanation for the loosening observed. All stems
with aseptic loosening were Dorr B canals. There was no
association between stem size or offset and aseptic loosen-
ing. There was also a concern that the use of the Charnley
tapered reamer prior to broaching might have displaced bone
beyond the dimensions of the smaller stems distally. How-
ever, smaller stems did not correlate with loosening in our
series and we did not see any early distal radiolucencies in
hips with small stem sizes (Size §, 9).

The Element Stem has many design concepts similar to
the Corail stem. The Corail stem is well documented in the
literature, but little has been described of other more simi-
lar stems. Vidalain et al. prospectively evaluated long-term
20-year outcomes with use of the cementless Corail femoral
stem and found a survival probability of 97.7% at 15 years
and 96.3% at 23 years [21]. Buttaro et al. also described
favorable long-term results, but described an uncommon
complication of the stem, with a 2.1% metaphyseal de-bond-
ing at mid-term follow-up, primarily in patients with Dorr
B-type femurs and elevated BMI [41]. Due to the limited
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literature for similar stems, we elected to describe our mid-
term outcomes with use of the Element Stem.

There are limitations associated with this study. First,
there are inherent limitations due to the retrospective nature
of this study, such as having incomplete data sets, with some
necessary imaging and clinical scores not available for all
patients. A relatively small samples size due to loss of fol-
low-up is a concern, although sample size was comparable
to some other critical analysis studies regarding total hip
stem outcomes. This necessitated that 3 separate cohorts be
reported for clinical, radiographic and survival data as it was
important to report on the largest cohort of patients available
regarding a specific variable. This study included various
different polyethylene liners that were used during the study
period, which may be confounding in nature for evaluating
osteolysis and other radiographic measurements. Next, with
only mid-term 5-year follow-up, further long-term studies
are necessary to further elucidate survival of this femoral
stem. Finally, though our clinical outcomes were overall pos-
itive, the lack of consistent pre-operative clinical scores does
not allow us to demonstrate the extent to which our patients
improved after surgery. Despite the mentioned limitations,
a comprehensive report of the survival and outcome data
regarding this stem was performed.

Conclusion

The 5-year survival rate of this dual tapered-wedge fully
HA-coated stem with all revisions as an end point in this
diverse patient population is 92.4% and with aseptic loosen-
ing as an end point is 96.2%. In patients with osteoporotic
bone, early proximal medial fracture remains a concern with
this implant. The use of a proximal prophylactic cerclage or
a cemented stem might be considered in these cases. The
phenomenon of proximal radiolucencies progressing to
aseptic loosening post-operatively is unusual but concerning
and will require further study. The 11.5% rate of subsidence
is comparable to other fully HA-coated collarless stems and
has been clinically asymptomatic. The rate might be lower
with the use of the collared version of the stem. The clinical
outcomes are good with high OHS, HSS, and satisfactions
scores among most patients. Studies with larger sample sizes
and longer follow-up are still necessary to more fully under-
stand the performance of this implant.
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