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Background:A new surface architecture for cementless orthopaedic implants (OsteoAnchor), which incorporates
amultitude of tiny anchor features for enhancing primary fixation,was tested in an ovine hemi-arthroplasty pilot
study.
Methods: Test animals were implantedwith a hip stem component incorporating the OsteoAnchor surface archi-
tecture produced using additive layermanufacturing and control animals were implantedwith stems containing
a standard plasma sprayed titanium coating.
Findings: Intra-operative surgeon feedback indicated that superior primary fixation was achieved for the
OsteoAnchor stems and rapid return to normal gait and load bearing was observed post-operation. Following a
16-week recovery time, histological evaluation of the excised femurs revealed in-growth of healthy bone into
the porous structure of the OsteoAnchor stems. Bone in-growth was not achieved for the plasma sprayed stems.

Interpretation: These results indicate the potential for the OsteoAnchor surface architecture to enhance both the
initial stability and long term lifetime of cementless orthopaedic implants.
© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Total hip and knee replacement operations are routinely performed
with generally successful outcomes. However, achieving good primary
fixation, i.e. stability of the implant in the time period immediately
after surgery, remains problematic for patients with poor bone stock.
This is particularly the case in revision operations (Chung et al., 2012;
Murphy and Rodriguez, 2004) where the patient's bone may already
be osteoporotic and further bone damage can occur in removing the
old implant. Although outcomes for implants with current surface coat-
ings are generally very good, failure due to implant looseningdoes occur
and a significant proportion of these are early failures after the initial
operation (Melvin et al., 2014). Lack of good primary fixation can be a
contributory factor in causing subsequent loosening and it has been
shown that early migration of the stem after implantation is a predictor
of subsequent implant loosening (Karrholm et al., 1994). It has also been
reported that the effectiveness of the surface coating in providing early
fixation influences the long term stabilisation of the stem (Callary et al.,
2012). A new surface architecture for orthopaedic implants,
OsteoAnchor (Harrison et al., 2013), has been developed at the authors'
laboratory to improve primary fixation.
h Centre (BMEC), College of

onnell).
Long term stability of cementless orthopaedic implants requires
effective primary fixation and secondary fixation to occur. Secondary
fixation refers to the long term fixation of the implant, which is often
achieved through bone in-growth into a porous coating on the implant
(Valle et al., 2004). Effective primary fixation is required for successful
secondary fixation to occur (Chang et al., 2011; Chanlalit et al., 2011;
Gebert et al., 2009; Gotze et al., 2002; Sakai et al., 2006). If primary fix-
ation is not achieved, excessive micromotions of the implant can result
in the growth of fibrous tissue into the surface coating instead of hard
bone (Cook et al., 1991; Soballe et al., 1992; Viceconti et al., 2001).
This can lead to inadequate long term fixation of the implant. Loosening
of the stem can subsequently occur and this may ultimately require
revision surgery to be carried out. This problem is particularly relevant
for patients with poor bone quality (Dayton and Incavo, 2005;
Krischak et al., 2003).

Currently available surface coatings for cementless orthopaedic
implants rely on press-fit and friction between the coating and the
patient's bone to achieve primary fixation (Issa et al., 2014; Schiffern
et al., 2005). It is therefore desirable that the surface coating exhibits a
high coefficient of friction to enhanceprimaryfixation andhigh porosity
to facilitate substantial bone in-growth to provide long-term stable
fixation of the implant. Sintered bead, plasma sprayed titanium, hy-
droxyapatite and wire mesh coatings have achieved very good clinical
outcomes, but they possess relatively low porosity in the range of
30–50% and a low coefficient of friction (Levine and Fabi, 2010). More
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recently, highly porous metal coatings have been developed (Benazzo
et al., 2010; Bertollo et al., 2011; Bobyn et al., 1999; Frenkel et al.,
2004; Meneghini et al., 2010) with higher porosity and coefficient of
friction (Bourne et al., 2008; Gilmour et al., 2009; Levine and Fabi,
2010; Shirazi-Adl et al., 1993; Zhang et al., 1999). The OsteoAnchor sur-
face architecture has been developed to further improve on the friction-
al properties of the currently available coatings, whilst maintaining a
high porosity in the region of 64%. The surface architecture incorporates
a multitude of tiny anchor features which are built onto a porous sub-
structure in a one-step additive manufacturing process (Fig. 1). These
anchor features are designed to reduce micromotions of the stem after
implantation by embedding into the patient's bone and providing
immediate mechanical fixation of the implant.

The objective of the current study was to test the primary fixation
and bone in-growth performance of this new surface architecture in a
load-bearing preclinical model. The hypothesis of the study was that
the anchor features of the OsteoAnchor surface architecture would pro-
vide superior primary fixation compared to the plasma-sprayed control
surface coating, and combined with the higher porosity substructure
this would subsequently leadto more extensive secondary bone in-
growth and implant stability.

2. Methods

An ovine hemi-arthroplasty model was chosen for this preclinical
study and the work was carried out using skeletally mature merino
sheep (Surgical Research Australia, Adelaide, Australia). The study
incorporated a post-operative recovery period of 16 weeks. Since this
was a pilot study to test the efficacy of the new surface architecture,
animal numbers were kept low: three OsteoAnchor sheep and two
Fig. 1. OsteoAnchor surface architecture design.
control sheep completed the 16-week trial period. The study was
approved by the Flinders University Animal Ethics Committee. At the
end of the trial period, the sheep were sacrificed and the femurs were
excised. Cross-sectional slices of the femur and implant were extracted
and were prepared for histological analysis to evaluate the bone in-
growth into the porous architecture.

2.1. Surface architecture and implant design

The detailed structure of the surface architecture for the OsteoAnchor
stems was developed at the author's laboratory (National University of
Ireland, Galway). The aim of this development process was to optimise
the potential for primary fixation in the bone, ensuring sufficient
strength to withstand in-vivo loading conditions and incorporating a
highly porous lattice structure to enhance secondary bone in-growth.
The final structure of the surface architecture that was developed incor-
porated a multitude of tiny anchor features on the bone-engaging side
of the structure and an open-pore lattice beneath the anchor features
to allowbone in-growth. The anchor featureswere specifically designed
to embed into the bone during implantation, thus providing a secure
fixation of the implant with the bone. A custom stem implant was de-
velopedwhichwould incorporate the OsteoAnchor surface architecture
and provide a press-fit in the trabecular bone of the metaphysis of the
ovine femur. A number of design and prototyping iterations were
required to optimise the stem geometry. Trial implantations were per-
formed in excised ovine femurs to ensure that an adequate press-fit
was achieved. The details of the final surface architecture and stem
geometry design are given in the Results section.

2.2. Implant manufacture

The stems were manufactured using the direct metal laser sintering
(DMLS) process (subcontracted to 3TRPD, Berkshire, UK using an EOS
M270 DMLS system). The material used was Ti6Al4V. The OsteoAnchor
surface architecture and the core geometrywere built simultaneously to
give a single, homogeneous part. Control implants were also manu-
factured with the same gross geometry as the OsteoAnchor stems, but
with a separately applied plasma-sprayed porous coating of commer-
cially pure (CP) titanium (Orchid Orthopaedic Solutions, Holt, MI,
USA). The coating thickness for the control stems was 0.5 mm and had
an average porosity of 30% or higher. This coating is representative of
industry-standard plasma-sprayed cementless orthopaedic implants
(Emerson et al., 2002; Mallory et al., 2001; Marshall et al., 2004).

Three different stem sizes were manufactured to allow the surgeon
to intraoperatively select the stem which would give a good press-fit
in individual animals. Standard 28 mm diameter, cobalt-chrome femo-
ral head components were used (JRI Orthopaedics, Sheffield, UK), with
a choice of three different neck length offsets. A custom surgical instru-
mentation setwas designed andmanufactured to facilitate broaching of
the press-fit cavity in the metaphysis and consisted of a series of nine
broaches of increasing size. The same instrumentation set was used
during the operations for implanting the OsteoAnchor and control
stems.

2.3. Surgery

Skeletally mature 3 to 4 year-old, castrated male Merino sheep
(Ovis aries), bred for the purpose of research, were used in the study.
Sheep were sourced from the Animal Facility, Flinders University,
Melbourne, Australia. Sheep were a minimum of 50 kg in body weight
with the mean and standard deviation of sheep weight between the
OsteoAnchor and control groups closely matched (control group:
72.3 kg, standard deviation: 8.1 kg/OsteoAnchor group: 72.7 kg, stan-
dard deviation: 6.0 kg). A total of 8 sheep (hereafter referred to as
NUIG 1–8) were used in the study. Due to the novelty of the press-fit
implant design and associated instrumentation, optimisation of the
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surgical procedure was required. During this phase of the project, three
of the sheep were removed from the study before the 16 week trial
period was completed due to surgery and recovery related issues.
Once these issues were resolved, the remaining five sheep (three
from the OsteoAnchor group and two from the control group) complet-
ed the 16-week trial duration.

Surgery was performed by an experienced veterinary surgeon at the
facilities of COTR, School of Medicine (Flinders University, South
Australia). Prior to surgery, anaesthesia was induced in the animals by
intravenous administration of 20 mg/kg of thiopentone. A lateral curvi-
linear approach to the left hip was made. Pre-operative radiographic
screening determined the appropriate size implant for each sheep.
After neck resection, the proximal medullary canal was broached to
accurately fit the stem and a modular prosthesis was pressed into
place in neutral version. Cephalosporins (antimicrobials) were adminis-
tered twice daily for three days post-operatively via indwelling jugular
catheter (22 mg/kg). An ovine-specific analgesic agent, Xylazine, was
administered via an indwelling jugular catheter continuously using a
syringe driver (Sims-Graseby MS-26, Sussex, England, UK) at a dose of
1 mg/h. This also was continued for three days post-operatively.

The animals were housed in an acute recovery shed and restrained
using a sling to allow hoof-touching weight bearing for three days
post-operatively. Following this, animals were housed in small pens (3
m by 3 m) for 8 weeks, and were then held at pasture thereafter until
the end of the study at 16 weeks. Water was provided ad libitum, and
supplementary food (oaten and lucerne hay) was provided once daily.

Whilst in the acute recovery shed, animals were monitored 3 times
daily. In the pens, and at pasture, animals were monitored daily. Radio-
graphs were taken post-operatively and at 16 weeks post-operatively
for both groups. The sheep were sedated using Detomidine (0.06 mg/kg
i.m.) prior to the radiographic evaluation. Dual simultaneous exposures
were obtained at 80–90 kV and 3–6 mA s depending on the size of the
animal.

A validated seven point numeric locomotion scale ranging from 0=
normal locomotion to 6 = unable to stand or move was used to evalu-
ate post-operative locomotion. Two observers familiar with sheep loco-
motion scored at each time-point the animals ambulating freely in their
pens. The observer was blinded as to treatment. Locomotion was
recorded as a score pre-operatively, at 6 weeks post-operatively and
immediately prior to sacrifice at 16 weeks post-operatively.

Sheep were sacrificed with an intravenous administration of an
overdose of barbiturate (pentobarbitone sodium, 9.75 g (30 ml) i.v.).
Following sacrifice, the left femur of each sheep was explanted with
minimal disturbance to the implanted stemand attached head to ensure
that their integrity with the surrounding bone was undisturbed. The
explanted femurs were stored at −18 °C and were transported to NUI
Galway in this frozen condition where they were subsequently proc-
essed for radiography and histology analysis (Table 1).

2.4. Evaluation of excised femurs

The excised femurs were visually examined and were subjected to
radiographic imaging analysis prior to sectioning for histology testing.
Note that only the OsteoAnchor implants were sectioned for histology
since it was found after necropsy that no bone attachment or in-
growth was achieved for the control stems. Radiographs were taken
Table 1
Summary of animals and implants used in the preclinical trial.

Sheep no. Stem type Femoral head details

NUIG 3 OsteoAnchor 28 mm head, short offset neck
NUIG 5 OsteoAnchor 28 mm head, large offset neck
NUIG 7 OsteoAnchor 28 mm head, small offset neck
NUIG 6 Control 28 mm head, medium offset neck
NUIG 8 Control 28 mm head, medium offset neck
using a C-Arm in the anterior/posterior view and the medial/lateral
view. The femurs with the implanted stems were then sectioned into
segments of pre-set size which were used for cutting of histology slices.
A custom designed cutting fixture was used to ensure that the location
and orientation of the segments were consistent for all femurs.

Preparation of the segments for subsequent histological evaluation
involved fixing in paraformaldehyde (PFA) solution, dehydration at
one day intervals in increasing concentrations of ethanol (70%, 80%,
95% and 100%), and clearing in xylene. The segments were then embed-
ded in epoxy and sectioned into slices of approximately 0.5 mm thick-
ness using the slow speed diamond saw. In general, three slices were
prepared from each segment. The slices were mounted on glass slides
and ground/polished to approximately 250 μm thickness using a se-
quence of grinding papers (180, 340, 600, 800 followed by 4000 grit)
on a bench-top rotating polisher. Staining was performed using
Masson's trichrome stain and the slides were examined histologically.

3. Results

3.1. Surface architecture and implant development

The design and development process for the OsteoAnchor stems
resulted in a novel surface architecture targeted at achieving
optimum primary fixation and secondary fixation in the bone. It
comprised an open-pore lattice created by a series of 0.63 mm
diameter solid struts (Fig. 1). The pore size was approximately
0.63mm× 0.63mm×1.26mmdeep. The solid struts followed the con-
tours of the basic stem shape tomaximise lattice strength. Themeanpo-
rosity of the surface architecture was 63%. On the outermost aspect of
the lattice, a series of anchorswere positioned such that they embedded
into the host bone during implantation. The anchors were oriented to
resist subsidence, but not to impede removal of the implant. The an-
chors were spaced 1.26 mm apart and protruded up to 0.58 mm out
from the main lattice structure. Each anchor was positioned at a junc-
tion of at least two lattice struts to maximise strength of the surface ar-
chitecture. The outermost surface of the anchor was triangular in shape
with the anchors being moderately sharp. The anchors protruded out-
ward at an angle of approximately 15° to the main stem surface. The
gross stem geometry that was developed consisted of a double-
tapered short-stem implant located exclusively in the metaphysis of
the femur with no distal stem component (Fig. 2). The total surface
area available for bone in-growth of the small stem size option (size
chosen by the surgeon during surgery for all sheep) was 910 mm2.
The stem incorporated a 12–14 taper-fit neck for connection and
locking to the femoral head component.

3.2. Surgical procedure

Intra-operatively, it was found that implantation of the control
stems in NUIG 6 and NUIG 8 was difficult. The surgeon rated the initial
fixation of these control stems to be substantially inferior to the
OsteoAnchor stemsNUIG 3, NUIG 5 and NUIG 7. This was demonstrated
by theOsteoAnchor stemsbeingwell seatedwith a good coverage of the
femoral head by the acetabulum post-operatively. By contrast, it was
difficult to achieve secure fixation of the control stems, with the result
that cracking of the femur occurred, which required the use of 18-
gauge cerclage wires to hold the stem in place.

3.3. Post-operation

Radiographic evaluation of the femurs immediately post-operation
revealed that all stems were well positioned in the femur and good
cover of the acetabulum was achieved (Fig. 3). The locomotion perfor-
mance of the sheep receiving the OsteoAnchor stem was found to be
superior to that of the sheep receiving the control stems over the 16-
week trial period after the surgery (Table 2). Locomotion scoring, by



Fig. 2. Short-stem design for ovine hemiarthroplasty. A) Stemwith test surface architecture (left) and control plasma-sprayed surface coating (right). B) Stemwith test surface implanted
in cadaver ovine femur.
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two independent and blinded reviewers, indicated marginal lameness
onset for the OsteoAnchor sheep during the immediate post-operative
period. This improved to near-normal locomotion at 16 week recovery.
By contrast, the control stemdid not perform aswell, with lameness still
apparent after 16 week recovery.

3.4. 16 weeks post-operation

Following sacrifice of the animals at 16 weeks post-operation, radio-
graphic evaluation of the femurs and implants was again carried out. It
was found that control stem NUIG 6 had substantially subsided in the
femur. For control NUIG 8, the femoral head had luxated from the ace-
tabulum and the stem had dislocated completely from the femur. This
had occurred sometime prior to the end of the trial period based on
the amount of proliferative bone in evidence, particularly around the
cranial aspect of the proximal femur. For the OsteoAnchor stems, the
Fig. 3. Radiographic evaluation of implants and femu
radiographs at 16 weeks post-operation showed that NUIG 3 had sub-
sided in the femur. However, stems NUIG 5 and 7 remained well posi-
tioned without any subsidence. In addition, for NUIG 5 and 7, clear
concentrations of bone growthwere evident at specific locations around
the stem (Fig. 3).

Necropsy was subsequently carried out and revealed that the over-
lying tissue response for the three OsteoAnchor implants appeared
normal and wear on the acetabular cartilage was consistent for a
hemiarthroplasty of this duration. The excised femurs showed some
proliferative new bone around the proximal aspect of the stem.

For the control sheep NUIG 6, the acetabulumwas found to be shal-
low and worn, suggestive of a mobile femoral head. A substantial
amount of proliferative soft tissue surrounded the proximal femur pri-
marily in response to the application of the cerclagewire. The stem itself
was found to be loose in the femoral cavity and could be removed from
the femurwithout any force once the cerclagewires had been taken out.
rs, immediately post-op and 16 weeks post-op.

image of Fig.�2
image of Fig.�3


Table 2
Individual locomotion scores as assigned by two independent observers at the pre-
operative, 6 and 16 weeks post-operative assessment times. A validated seven point
numeric locomotion scale, ranging from 0 = normal locomotion to 6 = unable to stand
or move, was used.

Sheep
identification

Type of stem Pre-operative Post-operative
(6 weeks)

Post-operative
(16 weeks)

NUIG 3 OsteoAnchor 0, 0 1, 1 0, 1
NUIG 5 OsteoAnchor 0, 0 3, 3 1, 1
NUIG 7 OsteoAnchor 0, 0 3, 2 1, 1
NUIG 6 Control 0, 0 3, 3 2, 2
NUIG 8 Control 0, 0 3, 3 2, 2
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Examination of the extracted stem showed that no bone in-growth had
occurred into the plasma sprayed coating and there was also no fibrous
tissue attachment. Similarly for control sheep NUIG 8, there was no
bone in-growth or fibrous tissue attachment evident.

3.5. Histology evaluation

Histology evaluation was performed only on the OsteoAnchor
femurs, since no bone in-growth was achieved in the plasma sprayed
implants for the control femurs. The histology evaluation showed that
for NUIG 3, the OsteoAnchor implant was surrounded by an annulus
of fibrous tissue, which was in turn surrounded by an outer ring of
cortical and trabecular bone. The fibrous tissue was directly attached
to the implant surface and occupied the pores between the surface
architecture struts.

Extensive bone in-growth was observed for NUIG 5 and almost the
entire surface of the OsteoAnchor implant was directly in contact with
bone tissue (Fig. 4). The struts of the surface architecture were fully
surrounded by in-grown bone tissue and pores were also filled with
bone tissue. Lamellar structures were observed in the bone, showing
how the tissue had grown around the anchorsand struts and along the
Fig. 4. Stereomicroscope image (top left) and zoom brightfield microscop
implant surface. Anterior, posterior, lateral and medial sides of the
implant were fully surrounded by bone.

Bone in-growth was also observed for NUIG 7, particularly on the
lateral end of the posterior surface (Fig. 5). There appeared to be little
bone tissue in contact with the implant on the medial side of the
implant. On the lateral posterior side, the implant was partially embed-
ded into the cortical bone, with the cortical bone growing around the
anchor features. On the lateral side, the implant was surrounded by
and attached to trabecular bone.

The in-grown bone for NUIG 5 and 7 showed characteristic features
that are typical of healthy bone. Lamellar structures were clearly visible
(Fig. 6) containing lacunae, osteocytes, osteons and blood vessels. Clear
attachment of the bone tissue to the Ti6Al4V implants was also appar-
ent. A thin endosteal tissue was visible as a pink layer at the perimeter
of most of the hard bone tissue volumes (i.e. between bone and mar-
row) and also lined the inside of the blood vessel canals.

4. Discussion

Inadequate primary fixation of cementless orthopaedic implants is
considered to be an important contributor to loosening of implants in-
vivo (Kroell et al., 2009). A new surface architecture, OsteoAnchor,
which is manufactured as an integral part of the implant in a one step
DMLS additive manufacturing process, has been developed to address
this problem. An ovine hemi-arthroplasty model was chosen to test
the effectiveness of this solution because, although it does not represent
an osteoporotic model, it provides a challenging primary fixation appli-
cation, i.e. there is limited trabecular bone quantity in themetaphysis of
the femur and a short stem with a relatively small overall surface area
was used to achieve press-fit and stability.

It was found that the OsteoAnchor implants provided superior pri-
mary fixation performance compared to the control plasma-sprayed
titanium implants. This result is attributed to themechanical interaction
between the unique anchor features on the outer surface of the implants
e image of a slide from segment 3 of NUIG 5, OsteoAnchor implant.
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Fig. 5. Stereomicroscope image (top left) and zoom brightfield microscope image of a slide from segment 3 of NUIG 7, OsteoAnchor implant.
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and the host bone. A prior bench testing study of the OsteoAnchor sur-
face architecture demonstrated the effect of this mechanical interaction
and showed that greater resistance to micromotion under physiological
Fig. 6. In-grown bone structure, showing clear la
loading conditions was achieved compared to standard plasma sprayed
and porous tantalumsurface coatings that are currently in use (Harrison
et al., 2013). For the control implants, it is likely that the initial difficulty
mellae, lacunae and blood vessel structures.

image of Fig.�5
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in achieving primary fixation in this demanding short stem application
was a major contributing factor to their failure to achieve any subse-
quent bone in-growth.

The OsteoAnchor implants were manufactured from Ti6Al4V
alloy using the DMLS additive manufacturing process. There are no
previous animal trial reports in the literature detailing the biocom-
patibility or otherwise of orthopaedic implants which are produced
in this manner. The results of this study showed that there was
no adverse tissue response to the DMLS produced implants, and in
the case of the OsteoAnchor specimens, there was extensive bone
in-growth into the porous structure and direct bone attachment
onto the implant surface.

The post-operation trial duration of 16 weeks was a relatively
short time period to allow extensive bone in-growth into the surface
architecture, particularly for this type of load-bearing application.
For the control stems, extension of the trial duration would most
likely have made no difference to the level of bone in-growth. How-
ever, for the OsteoAnchor stems, it is possible that further develop-
ment of bone in-growth would have been achieved for NUIG 5 if
the trial duration had been longer. From the histology images for
this specimen, it could be seen that trabecular bone structures were
developing that had yet to ossify into hard bone. In addition, endosteal
connective tissue was identified which contains osteoprogenitor cells
that can differentiate into osteoblasts for bone growth and bone
remodelling.

It should be emphasised that this was a pilot study to evaluate the
potential for the OsteoAnchor surface architecture to provide improved
primary fixation and subsequent bone in-growth. Therefore, due to
ethical considerations, the number of animals included in the study
was kept to a low number. Whilst statistical significance cannot be
assigned to the results, the performance of the OsteoAnchor implants
demonstrates the potential of the new surface architecture to address
the primary stability problem. The conclusion is highlighted by the fail-
ure of the control implants to achieve any bone in-growth or attach-
ment onto the plasma-sprayed surface coating. The choice of a plasma
sprayed coating for the control stems of this study was based on the
fact that this is a standard bone in-growth coating that has been
successfully used on cementless orthopaedic implants for many years
(Berend et al., 2004; Klein et al., 2006).

There are surprisingly few studies reported in the literature which
have examined the primary fixation of implants in a load bearing pre-
clinical model, given the fact that inadequate primary fixation is a
major contributor to subsequent implant loosening. Press-fit stems
have been used in preclinical trials to evaluate the effect of surface coat-
ings on bone attachment (Carbone et al., 2006; Field et al., 2009; Howie
et al., 2011; Ni et al., 2006; Yin et al., 2011). However, the effect of the
surface coatings and treatments on primary fixation was not addressed
in any of these studies. Stadelmann et al. evaluated the effect of local
delivery of bisphosphonate from an implant on bone ingrowth using a
sheep model (Stadelmann et al., 2009), with a view to combating the
problem of poor primary fixation. However, they used small cylindrical
implants inserted into the femoral condyle whichwere not subjected to
the realistic physiological loading conditions on the stem components
from this study. Elmengaard et al. adopted a similar approach to inves-
tigate the effect of Arg-Gly-Asp (RGD) peptide treatment of press-fit ti-
tanium implants by inserting cylindrical implants in the proximal tibia
of mongrel dogs (Elmengaard et al., 2005). Although both of these stud-
ies showed that the selected surface treatment of implants improves
bone in-growth and on-growth, the results could not be directly corre-
lated with improved primary fixation, since the implants were not sub-
jected to comparable loading regimes or the limited surface area for
bone contact that is present for total joint replacements such as hip
stems. By contrast, the surface architectures of the current study were
tested on hip replacement stems which were subject to the physiologi-
cal loading conditions and limited bone surface area contact which
causes primary fixation problems in-vivo.
Conclusions

The results of this pre-clinical trial showed that the bone anchoring
features of the OsteoAnchor surface architecture may facilitate superior
primary fixation compared to a standard plasma sprayed surface coat-
ing. Although only three animals completed the 16-week trial duration
with the OsteoAnchor stems, bone in-growth and attachment were
achieved for the latter two of these implants, with extensive and almost
full bone tissue filling of the porous substructure for NUIG 5. However,
future work will be required to carry out additional preclinical trials to
confirm the findings of the current pilot study. Specifically, an osteopo-
roticmodel is required for a followon study, since this ismore represen-
tative of the bone quality that exists in elderly osteoporotic patients.
Nevertheless, the promising results of the study indicate the potential
for OsteoAnchor to address orthopaedic clinical needs where primary
fixation of the implant is difficult to achieve, for example in revision
hip arthroplasty or augmentation applications.
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