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Abstract
Purpose In total shoulder arthroplasty (TSA), the optimum
number of peripheral pegs required for stability in the glenoid
component is unknown. This study compared the stability of
two versus three peripheral pegs in cemented glenoid components possessing a central press-fit peg.
Methods Six unmodified glenoid components with three peripheral pegs, a large, central press-fit peg and six modified
glenoid components with one inferior peripheral peg sharply
removed were cemented into bone substitute polyurethane
blocks. A modified rocking-horse test was completed by comparing superior- and inferior-edge displacement before and
after 100,000 vertical motion cycles. Then, a torsional failure
test applied 2 N axial load, followed by a rotational force to
the glenoid component at 0.5 °/s until failure.
Results Modified rocking-horse testing showed no statistically significant edge displacement at the superior or inferior
aspect of the glenoid component before or after testing.
During torsional testing, peak torque and degrees of rotation
at failure also showed no significant difference.
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Conclusion Two peripheral pegs offer equivalent stability as
three peripheral pegs, as assessed by cyclic rocking and rotational failure testing. Fewer peripheral pegs during glenoid
component implantation may lead to less dissection, less
strain on soft tissues and decreased operative time.
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Introduction
Total shoulder arthroplasty (TSA) continues to be a reliable
intervention for glenohumeral degenerative joint disease, as
survival studies show low revision rates, decreased pain, and
increased function at long-term follow-up [1–4]. Glenoid
component loosening remains the primary mode of failure in
anatomic TSA, and new designs focus on glenoid component
stability and the bone-implant interface. Recent advances in
glenoid component designs include a large, central peg that
allows bony ingrowth, with peripheral, cemented pegs for
further stabilisation against eccentric loading and rotation
[5]. However, the optimum number of peripheral pegs to accomplish stability has not been determined: Could two be as
effective as three?
The purpose of this study was to biomechanically compare
a standard cemented polyethylene glenoid component
possessing a large, central press-fit peg and three peripheral
pegs with the same glenoid implant modified to have two
peripheral pegs. We hypothesised there would be no statistically significant difference in glenoid component edge displacement after cyclic vertical eccentric loading or in rotational displacement under torsion between two versus three pegs
in the presence of a large, central press-fit peg.
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Materials and methods
Specimen preparation
Six medium-sized, unmodified glenoid components of the
Biomet Comprehensive Total Shoulder System (Biomet,
Inc., Warsaw, IN, USA) with the Regenerex® central peg
and three peripheral polyethylene pegs were defined as the
control group. Of the three peripheral pegs, one was superior–midline, one inferior–anterior and one inferior–posterior.
The experimental group comprised six medium-sized glenoid
components of the same system, with the inferior peg sharply
removed flush with the glenoid component back (Fig. 1a, b).
In accordance with protocol, each control glenoid component was cemented into rigid polyurethane foam blocks
(Sawbones, Vashon Island, WA, USA), meeting American
Society for Testing Materials (ASTM) F1839–08 standards
[6]. A manufacturer-provided cannulated glenoid planer, drill
and guides were used to prepare the polyurethane foam
blocks. High-viscosity bone cement (Biomet) was hand
mixed, placed into a 10-cm3 syringe and injected in a thin ring
around the peripheral pegs of the glenoid component, leaving
the large central peg uncemented. Each experimental glenoid
was prepared in identical fashion, except the drill hole in the
polyurethane foam block for the removed inferior peg was not
created (Fig. 1C, D). Glenoid components were implanted in
Fig. 1 Glenoid components and
testing blocks: a unmodified
glenoid component (control
group) with central peg and three
peripheral polyethylene pegs; b
modified glenoid component
(experimental group) with inferior
peg removed; c polyurethane
foam testing block prepared to
receive the control glenoid; c
polyurethane foam testing block
prepared to receive the
experimental glenoid

International Orthopaedics (SICOT) (2017) 41:2345–2351

an alternating order, with one from the control group followed
by one from the experimental group. Digital axial pressure
was applied to the component until the cement hardened.
Each specimen was then tested using a rocking-horse loading
protocol, followed by a torsional load-to-failure protocol.
Rocking-horse testing
To evaluate stability under eccentric loading, a modified
rocking-horse test, based on ASTM International F2028–08
guidelines, was conducted with the specimen submerged in a
tank of water maintained at 37 °C [7]. Each foam block with
an implanted glenoid component was attached to a load-frame
MTS machine, Model 318.10 (MTS Systems Corporation,
Eden Prairie, MN, USA). The appropriately matched prosthetic humeral-head component was attached to the MTS axial
load cell, Model 661.19F-03. Two dial indicators, Compac
Model 213LA (Tesa SA, Lausanne, Switzerland), were connected to the glenoid components using a 1-mm-diameter pin
at the superior-most and inferior-most aspect of the glenoid
component. Holes for the pins were drilled to a diameter of
1 mm and a depth of 2 mm.
Precyclic testing consisted of measuring the glenoid component edge displacement with dial indicators, as an axial load
of 750 N was applied through the humeral head at three different positions on the glenoid component: superior, central
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and inferior [1, 3, 4]. This was accomplished by translating the
humeral head component superiorly and inferiorly to 90% of
the distance to dislocation per International ASTM F2028–08
guidelines. For the tested components, this corresponded to
superior translation of 6.16 mm and inferior translation of
5.66 mm from the centre of the asymmetrically designed
component [7].
To determine precyclic edge displacements, axial load was
first applied with the humeral head component placed at the
superior edge of the glenoid component, 6.16 mm from centre, and edge displacements perpendicular to the glenoid plane
were measured from the superior and inferior indicators (Fig.
2). Following superior testing, axial load was released, the
humeral head component was translated to the centre of the
glenoid component, and axial load was reapplied. Edge displacements from the superior and inferior indicators were
again measured. After central testing, load was again released,
the humeral head component was translated to the inferior
edge of the glenoid component, 5.66 mm from centre; the load
was reapplied; and edge displacement was again recorded.
Displacement with axial load at each location was measured
twice.
During cyclic testing, a 750 N axial load was applied
through the humeral head component located in the centre of
the glenoid component. With constant axial load, the humeral
head component was translated superiorly 6.16 mm from centre and inferiorly 5.66 mm from centre. Each specimen
underwent 100,000 cycles at 1.5 Hz (Fig. 3). Following the
cyclic loading, glenoid component edge displacement measurements were repeated using the same methodology as described above for the precyclic testing.

the torsional actuator and aligned with the edges of the glenoid
component (Figs. 4 and 5). An axial compressive force of 2 N
was applied and maintained by MTS axial load cell, Model
611.19 F-01, as a rotation force was applied at 0.5o/s in a
counterclockwise fashion until failure. Failure was defined
as gross plastic deformation of the glenoid component or the
polyurethane foam block. Peak torque (Nm) and rotation at
peak torque (degrees) were recorded. The location of construct
failure was also observed.

Torsional failure testing

Statistical methods

After the above rocking-horse evaluation was completed, each
specimen test block was clamped securely into a load frame
MTS Model 318.10. A custom torque fixture was attached to

A power analysis using data from a previous study in bone
substitute revealed a sample size of six to have 80% power to

Fig. 2 Rocking-horse test setup. Small holes were drilled in the superior
and inferior aspects of the glenoid, into which dial indicators were placed

Fig. 4 Torque test, close-up of custom torque application device fitted
over glenoid component

Fig. 3 Dynamic rocking-horse test setup
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cases, the ICC was between 0.91 and 0.94, with the lower
bound of the 95% CI ranging from 0.71 to 0.79 and the upper
from 0.92 to 0.98. In four cases (axial force in the centre,
superior pretesting; axial force in the centre, inferior
pretesting; axial force in the centre, inferior posttesting; axial
force inferior, inferior pretesting), the ICC ranged from 0.48 to
0.6. Analogous results were obtained for the constant condition correlation (CCC) and Pearson correlation. However, in
these four cases, the mean difference in measurement between
the two duplicates was 0.057 mm at most, which we viewed as
being clinically insignificant. Given that we viewed duplicates
as indicating that results were reproducible, we averaged each
pair of duplicates. All further analysis was carried out using
these averaged measurements.
We first examined separately the average displacement in
response to axial load at each of the three positions in the control and experimental groups. The change from pre to post was
examined using a t test. For each displacement, we examined all
measurements—with central, posterior and inferior axial force
combined—within the control group, all measurements within
the experimental group and compared them with a t test. This
was done for pre and post cycling, separately. The torque and
rotation in the two groups was compared using a t test.

Fig. 5 Specimen positioned in MTS machine

detect a difference in means of 0.08 mm of displacement,
assuming a standard deviation (SD) of 0.05 mm, using a
paired t test with a 0.05 two-sided significance level [8].
As two-edge displacement measurements were noted at
each of the superior and inferior locations on each glenoid
component, we compared the results of these duplicated measurements. This was done for each position of axial force and
each of the pre and post time points separately, each assessing
all six glenoid components. We compared means between the
two sets of duplicates and examined intraclass correlations
(ICC) and concordance correlation coefficients (CCC) between sets of duplicates. In most cases, ICC was >0.98, with
a confidence interval (CI) having lower bound >0.9. In several

Table 1

Force Position

Centre
Inferior

The average edge displacement in response to axial load before and after cyclic testing is shown for each position
(Tables 1 and 2) for both groups. For edge displacement, zero
was the location of the glenoid component face after implantation, a negative value was defined as compression and a
positive value was defined as distraction away from the block.
Compared with their precyclic load testing, there was no significant change in displacement following 100,000 load cycles for three- or two-peg components.

Cyclic testing: control group (3 peripheral pegs)

N=6

Superior

Results

Displacement (mm)
Measurement
Position

Superior
Inferior
Superior
Inferior
Superior
Inferior

SD standard deviation

Before cyclic test

After cyclic test

Average

SD

Range

−0.97
0.07
−0.04
−0.01
0.05
−1.03

0.37
0.03
0.03
0.04
0.05
0.22

−1.80
0.03
−0.10
−0.09
0.01
−1.37

−0.71
0.14
0.00
0.08
0.14
−0.33

Change

Average

SD

Range

−0.91
0.08
−0.01
0.01
0.06
−1.06

0.31
0.05
0.06
0.03
0.04
0.11

−1.56
0.04
−0.14
−0.04
0.03
−1.23

−0.60
0.18
0.03
0.08
0.15
−0.86

0.058
0.016
0.022
0.025
0.015
−0.030
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Cyclic Testing: Experimental Group (2 peripheral pegs)

N=6
Force Position

Displacement (mm)
Measurement
Position

Before cyclic test

After cyclic test

Average

SD

Range
−1.44

−0.80

Change

Average

SD

Range

−0.93

−0.20

−1.24

Superior

Superior

−1.00

0.21

−0.74

Inferior

0.08

0.06

0.00

0.20

0.12

0.11

0.04

0.36

0.04

Centre

Superior
Inferior

0.00
−0.02

0.04
0.03

−0.05
−0.10

0.09
0.04

0.05
−0.02

0.05
0.05

0.00
−0.15

0.18
0.05

0.05
−0.01

Inferior

Superior
Inferior

0.07
−1.30

0.02
0.20

0.04
−1.61

0.10
−0.95

0.09
−1.27

0.26
0.11

0.05
−1.87

0.15
−0.94

0.02
0.03

0.07

SD standard deviation

Table 3 summarises the average displacement at the
superior and inferior aspects of the glenoid component
before and after cyclic testing and rotation to failure testing. Before cyclic testing, the average displacement at the
superior aspect was −0.32 mm [standard deviation (SD)
0.51] and −0.32 mm (SD 0.52) for control and experimental groups, respectively (p = 0.97). At the inferior aspect,
average displacement was −0.33 mm (SD 0.53) for the
control group compared with −0.41 mm (SD 0.66) for
the experimental group (p = 0.66).
After cyclic testing, the average displacement at the superior aspect of the glenoid component was −0.29 mm (SD 0.49)
and −0.26 mm (SD 0.50) for control and experimental groups,
respectively (p = 0.88). At the inferior aspect, average displacement of the control group was −0.32 mm (SD 0.54),
compared with −0.39 mm (SD 0.67) for the experimental
group (p = 0.73). At the end of 100,000 cycles, no glenoid
components or polyurethane blocks had failed. During rotation to failure testing, peak torque for the three-peg group
averaged 15.92 nm (SD = 3.95), and the peak torque for the
two-peg group averaged 13.87 nm (SD = 3.62). The difference was not statistically significant (p = 0.37) (Table 4).
The average rotation at failure of the three-peg group was
52.02 ° (SD = 12.68 °) and ranged from 31.6 to 65.1 °.
Average rotation of the two-peg group was 55.13 ° (SD =

Table 3 Comparison of
Modified Rocking-Horse Testing
Results of Control vs.
Experimental Glenoid
Components

15.19 °) and ranged from 20.5 to 68.3 ° (p = 0.71). All glenoid
components in both groups failed by the edge of the component deforming and lifting from the testing block (Fig. 6). No
specimens failed at the peg–block interface, no pegs broke
during rotational testing and no polyurethane blocks were
deformed.

Discussion
Total shoulder arthroplasty (TSA) continues to be a reliable
solution for glenohumeral degeneration [1, 2]. The glenoid
component is integral to a well-functioning TSA, yet its loosening continues to be one of the most common causes of longterm failure, manifesting clinically as pain, loss of function
and presence of a clunking noise [9–12]. Posterior or central
glenoid erosion decreases the size of the glenoid vault,
resulting in decreased supporting bone for the glenoid component [11–13]. Modern components are designed to improve
stability while not sacrificing remaining glenoid bone stock.
Indeed, prospective studies demonstrate that cemented, allpolyethylene components show less loosening than
uncemented, metal-backed components [11, 14, 15]. Among
all-polyethylene components, pegged cemented components
may perform better than keeled components [11, 16, 17].

Displacement Average (mm)
Measurement position

Before testing
After testing

Superior
Inferior
Superior
Inferior

SD standard deviation

Control Group

Experimental Group

(3 peripheral pegs)

(2 peripheral pegs)

−0.32
−0.33
−0.29
−0.32

−0.31
−0.41
−0.26
−0.39

P value

0.97
0.66
0.88
0.73
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Table 4 Comparison of Torque Failure Testing Results of Control vs.
Experimental Glenoid Components
Peak Torque at Failure (nm)
Average

Range

SD

Control Group (3 pegs)

15.92

10.9–22.7

3.95

Experimental Group (2 pegs)

13.87

31.6–65.1

3.62

SD standard deviation

Recent trends in polyethylene glenoid component design are
trending towards a large, central peg, particularly an
uncemented central peg with porous-coated metals, to allow
bony ingrowth [11]. These components typically have at least
three smaller cemented peripheral polyethylene pegs for additional stability against eccentric load. The main purpose of the
cemented peripheral pegs is to maintain stability of the construct until bony ingrowth is complete.
In our cyclic testing, we used 750 N of axial force to simulate joint reactive force generated during activities of daily
living. This force simulates 1–1.5× body weight, which is
equivalent to holding a 5- to 8-kg object at the side or raising
a 2- to 4-kg object to shoulder height [8, 18]. We chose
100,000 cycles to simulate ~25 activities of daily living per
day for ten years [8].
The rocking-horse test was designed to mimic the physiological condition that accounts for glenoid component loosening caused by eccentric edge loading, defined as compression
at the ipsilateral edge and simultaneous distraction at the contralateral edge of the glenoid component [11]. Micromotion
resulting from eccentric edge loading eventually causes a
breakdown at the bone–implant interface and can lead to loosening [11]. Design changes attempt to minimise this
micromotion and subsequent loosening of the glenoid
component.
Our study showed that removing the posterior, inferior peg
causes no difference in edge displacement at the superior and
inferior aspects in response to eccentric loading. Further, in

failure testing, the two-peg component was not significantly
different in terms of degrees of rotation or peak torque at
failure. Additionally, as our model is a time-zero study, we
could not simulate bony ingrowth into the central peg. As a
result, the testing represents a worst-case scenario, since bony
ingrowth will increase stability of the construct during rocking
and rotation. In fact, during torque testing, all glenoid components failed due polyethylene deformation. The peg–glenoid
interface and peg origin on the back of the glenoid component
remained intact. The failure mechanism after rotational force
suggests that the limiting factor of the construct is the strength
and stiffness of the polyethylene itself.
We believe that a glenoid component without a posterior
inferior peg, particularly in a construct with a central post that
allows bony ingrowth, may be easier to implant. This can lead
to less soft tissue dissection, less strain on soft tissue and
decreased operative time. Also, avoiding the posterior glenoid
may limit penetration of the posterior glenoid vault, which is
beneficial, as there may be limited bone stock in that region.
Further studies to evaluate optimal positioning of two peripheral pegs would be beneficial. If two peripheral pegs were
placed anteriorly, exposure may be minimised if strength can
be maintained. Additionally, could only one peripheral peg
with a central ingrowth peg be sufficient for stability? Future
studies can evaluate the best placement of that peg, possibly in
an area of highest bone density. Further, a modular design
could be created in which the peripheral peg can be positioned
based on individual anatomy and exposure.
Limitations of this study include using polyurethane bone
substitute blocks for testing rather than cadaveric bone.
However, using blocks greatly improved consistency between
specimens, and this particular bone substitute has been used in
previous investigations [6, 19]. Additionally, this time-zero
study did not account for bony ingrowth of the central peg,
resulting in a worst-case scenario, since bony ingrowth into
the central peg would likely increase construct stability. A
further limitation is that failure testing was performed on the
same specimens that were used in cyclic testing. However, as
no specimens sustained catastrophic failure, noticeable wear
or visible deformation after cyclic testing, they all appeared
suitable for torsional testing to failure.
In conclusion, modern polyethylene glenoid components
containing a large central in-growth peg with two peripheral
pegs offer equivalent stability and fixation compared with the
same component with three peripheral pegs. Fewer peripheral
pegs during glenoid component implantation in TSA may lead
to less dissection, less strain on soft tissues and decreased
operative time.
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Fig. 6 Deformed glenoid component
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