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Abstract
Newer glenoid components that allow for
hybrid cement fixation via traditional cemen-
tation of peripheral pegs and bony ingrowth
into an interference-fit central peg intro-
duce the possibility of long-term biological
fixation. However, little biomechanical work
has been done on the initial stability of these
components and the various fixation options.
We conducted a study in which all-polyeth-
ylene glenoid components with a centrally
fluted peg were implanted in polyurethane
blocks with interference-fit, hybrid cement,
and fully cemented fixation (5 per fixation
group). Biomechanical evaluation of glenoid
loosening, according to ASTM Standard
F-2028-12, subjected the glenoids to 50,000
cycles of rim loading, and glenoid compo-
nent motion was recorded with 2 differential
variable reluctance transducers fixed to each

ince Neer and colleagues' first reported

in 1982, glenoid loosening persists as a

common cause of anatomic total shoulder
arthroplasty (TSA) failure.™* Currently, cemented,
all-polyethylene glenoid components are the gold
standard, and minimum clinical survival of 10 to 15
years is expected.®® Several clinical studies®® and
in vitro biomechanical studies'® have suggested an
advantage of pegged over keeled glenoid compo-
nents, but glenoid component loosening remains a
frequent complication," with the cement—implant
interface suggested as the weak link of fixation.'02

glenoid prosthesis.

Fully cemented fixation exhibited signifi-
cantly less mean distraction in comparison
with interference-fit fixation (P < .001) and
hybrid cement fixation (P < .001). Hybrid
cement fixation exhibited significantly less
distraction (P < .001), more compression
(P<.001), and no significant difference in
glenoid translation (P=.793) in comparison
with interference-fit fixation. Fully cemented
fixation exhibited the most resistance to
glenoid motion in comparison with hybrid
cement fixation and interference-fit fixa-
tion. However, hybrid cement fixation and
interference-fit fixation exhibited equivocal
motion. Given these results, cementation of
peripheral pegs may confer no additional
initial stability over that provided by unce-
mented interference-fit fixation.

In addition to mechanical loosening, poor cement
penetration and heat-induced necrosis have been
postulated as contributing to glenoid component
loosening.'®

Because of these potential complications, there
is a growing consideration to minimize or abandon
cement fixation and rely on biological fixation to
polyethylene for long-term component stability.’ A
newer pegged glenoid component design consists
of traditional, peripherally located pegs designed
for cement fixation as well as a central, uncement-
ed, fluted, interference-fit peg that allows for bony
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ingrowth. Short-term clinical studies have shown
that bony ingrowth into the space between the
flutes can be achieved with a hybrid cementation
technique and that, when that occurs, excellent
outcomes are likely.”®'¢¥The immediate in vivo
stability of this implant design upon initial implanta-
tion, before the cement has cured, has prompted
some surgeons to consider implanting the device
without cement. In a recent series in which this
implant design was used without cement, clinical
and radiographic results were promising.®

Despite the widespread clinical use, little bio-
mechanical work has been done to characterize
initial fixation of all-polyethylene pegged glenoid
implants. We conducted a study to compare gle-
noid micromotion in an all-polyethylene, centrally
fluted pegged glenoid component as a function of
3 fixation technigues: cementless interference-fit
fixation, hybrid partial cementation based on man-
ufacturer recommendations, and full cementation
to simulate a gold-standard, traditional, cemented,
pegged design.

Materials and Methods

Biomechanical Testing

The biomechanical testing methodology used in
this study was based on previous studies?®? and
on ASTM standard F2028-12?* using polyurethane
bone substitute 0.24 g/cm?® (Pacific Research Lab-
oratories) with ultimate strength of 4.9 MPa and
compressive modulus of 123 MPa for component
implantation. This material was selected because
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Figure 1. All-polyethylene component (Anchor Peg Glenoid; DePuy Orthopaedics) used
during biomechanical testing (left). Glenoids were implanted into polyurethane bone
substitute and mounted on materials testing frame for simulation of glenoid loosening
through 50,000 cycles of superior-inferior glenoid translation (right).
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its mechanical properties are similar to those of
cancellous glenoid bone in primary shoulder ar
throplasty,?® and it minimizes variability with use of
cadaveric specimens. Components were mounted
on an MTS 858 Mini-Bionix Il materials testing
frame (Figure 1). A static compressive load of 756
N (170 Ib) was applied via a mass-pulley system
simulating the joint compressive force the shoul-
der is likely to experience during higher load activi-
ties.?*?6 The glenoid component was positioned on
a linear bearing to allow for joint compression.

Test Groups and Cement Fixation Techniques
All-polyethylene pegged glenoid components
(Anchor Peg Glenoid, size 44; DePuy Orthopaedics)
were used for biomechanical testing (Figure 1).
Polyurethane blocks were reamed with a size 44
reamer until the superiorinferior distance reached
33 mm, ensuring complete seating of implant.
Three fixation-technique groups were formed: in-
terference-fit, hybrid cement, and fully cemented.
Interference-fit fixation was done without poly-
methylmethacrylate (PMMA) cement. In hybrid fix-
ation, 2 cm?® of PMMA (SpeedSet Cement, Stryker
Orthopaedics) was injected (using a catheter tip
syringe) into the peripheral peg holes and manu-
ally pressurized; the central peg was press-fit into
polyurethane bone substitute. In the fully cement-
ed group, both peripheral and central peg holes
received PMMA, the peripheral peg holes were
cemented as in hybrid fixation, and the central peg
hole was injected with 3 cm® of PMMA, which
was then manually pressurized. The humeral head
component (Global Advantage, 44x18 mm; DePuy
Synthes) was mounted on the test frame actuator
and centrally located within the glenoid at the start
of the test.

Determination of Humeral Head Translation

via Subluxation Testing

Humeral head subluxation distance, simulating a
humeral head rim loading event, was calculated on
the basis of preliminary tests outlined in the ASTM
standard.? Three glenoids (1 per fixation tech-
nique) were mounted on the test frame with a hu-
meral head positioned centrally within the glenoid.
After the joint compressive force was applied, the
humeral head was translated along the true su-
perior axis of the glenoid at a rate of 50 mm/min.
Testing software was used to record humeral head
displacement and load data at a frequency of 100
Hz. Humeral head subluxation displacement was
determined at the end of the linear region of the
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force versus displacement response. This distance,
averaged from the 3 subluxation tests, was used
as the subluxation distance during cyclic testing.

Determination of Glenoid Component Motion via
Cyclic Testing

After subluxation displacement was determined,
glenoid components were mounted on the test
frame (5 per fixation technique) and subjected

t0 50,000 cycles of humeral head translation at

a frequency of 2 Hz. Amplitude of the humeral
head displacement against the glenoid component
followed a sinusoidal pattern with maxima and
minima represented by the subluxation displace-
ment (positive and negative, respectively). Glenoid
edge compression/distraction of the superior edge
and glenoid inferior/superior translation were mon-
itored with 2 variable resistance reluctance trans-
ducers (Microminiature DVRT; 4.5-um resolution;
MicroStrain) secured to the glenoid component
and testing fixture.

Microminiature DVRT measurements of glenoid
motion were taken for 5 consecutive cycles at
cycles 1, 20, 100, 500, 1000, 5000, 10,000, 15,000,
20,000, 30,000, 40,000, and 50,000. Distrac-
tion-compression displacement and superiorinferior
translation measurements were recorded relative
to the glenoid position with the humeral head at
the neutral position at a given cycle. Final glenoid

micromotion data were calculated from the mean
of consecutive cycles at each cycle time point.

Statistical Analysis

Glenoid motion results are reported as means and
standard deviations. Comparisons with 2 factors of
fixation technique and number of cycles for glenoid
distraction, glenoid compression, and absolute
glenoid translation were characterized with 2-way
analysis of variance (SigmaPlot Version 11.0; Systat
Software), with the Holm-Sidak test used for post
hoc determination of significant relationships.

Results

Under subluxation testing, the humeral head trans-
lation distance at the end of the linear region was
determined to be 0.50 mm. Subsequently for cyclic
testing, the humeral head was then translated 0.50
mm from the neutral position of the humeral head
along both the superior and inferior axes of the gle-
noid. All glenoids successfully completed the entire
50,000 cycles of testing. For the glenoid compo-
nent, Figure 2 depicts distraction and compression,
and Figure 3 depicts superiorinferior translation.

Glenoid Component Distraction

Overall, mean (SD) glenoid distraction was signifi-
cantly higher for interference-fit fixation, 0.21 (0.10)
mm, than for hybrid cement fixation, 0.16 (0.05)
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Figure 2. Glenoid component distraction (left) and compression (right) over 50,000 cycles of humeral head translation measured by variable resistance re-
luctance transducer placement on glenoid component. Humeral head was translated along true superior-inferior axis simulating glenoid loosening during
higher load activities.

aSignificant (P < .05) relationship between interference-fit and fully cemented fixation.

bSignificant (P < .05) relationship between hybrid and fully cemented fixation.

cSignificant (P < .05) relationship between hybrid and interference-fit fixation.
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Figure 3. Glenoid component superior-inferior translation over 50,000 cycles of humer-
al head translation measured by variable resistance reluctance transducer placement on

glenoid.

aSignificant (P < .05) relationship between interference-fit and fully cemented fixation.
bSignificant (P < .05) relationship between hybrid and fully cemented fixation.
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mm (P < .001), and fully cemented fixation, 0.09
(0.07) mm (P < .001). It was also significantly high-
er for hybrid fixation than fully cemented fixation (P
< .001). From cycle 1000 to cycle 50,000, distrac-
tion was significantly higher for interference-fit
fixation than for fully cemented fixation at each
time point (P < .05).

Glenoid Component Compression

Mean (SD) compression was significantly higher
for hybrid cement fixation, 0.31 (0.13) mm, than for
interference-fit fixation, 0.17 (0.07) mm (P < .001),
and fully cemented fixation, 0.17 (0.08) mm (P <
.001). No significant difference was found between
interference-fit and fully cemented fixation (P =
.793) (Figure 2). At cycles 1, 20, 100, and 500, com-
pression was significantly higher for hybrid fixation
than for fully cemented fixation (P < .05). In addition,
at cycle 500, it was significantly higher for hybrid
fixation than for interference-fit fixation (P < .05).

Glenoid Component Translation

Mean (SD) glenoid translation was significantly
lower for fully cemented fixation, 0.10 (0.04) mm,
than for interference-fit fixation, 0.13 (0.04) mm
(P < .001), and hybrid cement fixation, 0.13 (0.03)
mm (P < .001), with all time points considered.
There was no significant difference between
interference-fit and hybrid fixation (P = .343). Initial
translation at cycle 1 was significantly higher for
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interference-fit and hybid fixation than for fully
cemented fixation.

Discussion

Despite advances in glenoid component design,
glenoid loosening remains the most common
cause of anatomical TSA failure. Recent im-

plants have been designed to take advantage of
an all-polyethylene component while providing
long-lasting fixation through bony ingrowth into a
central peg. In a study of the hybrid cementation
technigue drescribed here, Groh' found no glenoid
loosening or radiolucent lines but discovered fin-
gerlike projections of bone between the flanges of
the implant in 24 (29%) of 83 cases. Churchill and
colleagues’® also reported bony ingrowth into the
central peg in 15 (75%) of 20 patients. Further
more, Arnold and colleagues™ reported complete
bony ingrowth (6/6 interfin compartments) in 23
(71%) of 35 shoulders at a mean of 43 months.
Wirth and colleagues’® reported increased radi-
odensity between the flanges of the central peg
in 30 of 44 cases (68%) and osteolysis around the
central peg in 3 of 44 cases (7%) at 3 years.

There are also reports of successful bony
ingrowth associated with all-polyethylene compo-
nents implanted without cement. In a canine study
using an early ingrowth implant design, Wirth and
colleagues?” showed that, though initial fixation
was superior with a cemented, keeled implant,
pullout strength of the uncemented, pegged
implant improved over time and eventually far
surpassed that of the cemented, keeled implant
owing to both the loosening of the cemented com-
ponent and the bony ingrowth into the central peg
component. Furthermore, Anglin and colleagues™
confirmed that component micromotion was lower
with pegged glenoid components than with keeled
components in a biomechanical model. De Wilde
and colleagues™ recently reported on a series of
uncemented, central fluted peg glenoids implanted
in 34 patients followed clinically and with comput-
ed tomography for a minimum of 24 months. The
investigators found bony ingrowth into the central
peg in 27 (79%) of 34 patients and no signs of
loosening in 30 (88%) of 34 patients. Incomplete
lucencies around 1 or 2 peripheral pegs were
found in 2 (6%) of 34 patients, and complete
lucencies around 2 or more peripheral pegs were
found in 2 (6%) of 34 patients. However, there
was no statistical difference in clinical outcome
between patients with and without loosening.

With this type of implant, initial fixation that
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provides stability while minimizing micromotion
under biomechanical loading likely is crucial for
attaining bony growth within the central peg
flanges. To our knowledge, this is the first biome-
chanical study to compare micromotion using 3
different fixation methods with a central fluted peg
glenoid component design. Of all these fixation
methods, fully cemented fixation yielded the most
stable glenoid throughout testing with respect to
the evaluated parameters. However, this method
is not necessarily clinically applicable, as a fully
cemented glenoid would inhibit any bony growth
within the central flange, which is necessary for
long-term biological fixation. Our data showed that,
though glenoid distraction was significantly lower
with hybrid cement fixation, this fixation method
exhibited significantly higher glenoid compression.
In addition, there were no significant differences
between glenoid components with hybrid fixation
and glenoid components with interference-fit
fixation with respect to component translation in
the superiorinferior direction. These findings may
indicate that initial fixation is not significantly im-
proved by the addition of cement to the peripheral
pegs in a glenoid component with a central fluted
peg design.

The interference fit of the central peg is primarily
responsible for conferring long-term implant stabil-
ity,'®27 which is ultimately achieved by bony forma-
tion between the flutes of the peg. Other authors
have reported that, for bony ingrowth to occur,
micromotion between the bone-implant interface
must not exceed 20 to 150 um.%2° Other than
for interference-fit distraction at more than 1000
cycles and hybrid cement fixation compression at
each time point throughout testing, our data fall
within the reported upper limits of micromotion to
support bony ingrowth. Increased micromotion in
the interference-fit fixation group is seen at later
time points and may be caused by the inability to
simulate the potential fixation gained from bony
ingrowth allowed with this surgical technique.
Research is needed to further explain this increase
in distraction.

Results from this study must be interpreted
with caution because of limitations of the in vitro
testing methodology. This biomechanical model
using bone substitute characterizes glenoid fixation
at time zero, directly after implantation, followed by
repetitive cyclic loading simulating 5 years of im-
plant service. This differs from the clinical scenario
in which the shoulder undergoes postoperative
immobilization or protected motion during which

www.amjorthopedics.com

B. P. Wiater et al

the early phases of bony remodeling are likely
occurring. Furthermore, simulation of 5 years of
implant service may not be necessary for an im-
plant that is expected to achieve ultimate fixation
by bony ingrowth within the first several months
after implantation. Use of this implant without
cement is classified off-label, and surgeons should
take this into consideration during implantation.
Last, this study could not simulate the effect of
bony ingrowth on fixation, though our experimental
technique of cementing the central peg may be a
gross approximation of a fully ingrown central peg
and its expected rigid fixation.

Fully cemented fixation of a polyethylene glenoid
is superior to hybrid cement fixation and inter-
ference-fit fixation with respect to early glenoid
micromotion. However, the long-term stability of
a fully cemented polyethylene glenoid component
remains a clinical concern, as fixation is achieved
by bony ingrowth around the central fluted peg
of the implant. In this study, interference-fit and
hybrid fixation had equivocal component micromo-
tion in biomechanical testing. Our findings suggest
that cementation of the peripheral pegs confers
no additional initial stability over an uncemented
interference-fit technique in a biomechanical mod-
el. More research is needed to further evaluate
interference-fit fixation as a viable option for
implantation of a central fluted, all-polyethylene
glenoid component.
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