Bone Block Graft Fixation for Glenoid Bone Loss:
A Comparative Study of FiberTape® Cerclage vs

Endobutton Constructs

Anterior shoulder instability is a common consequence
of traumatic shoulder injuries and is often associated
with bone loss of the glenoid." In a clinical study with 91
patients for surgical treatment of traumatic, recurrent
anterior instability, a glenoid osseous lesion was found
in 49 % of the cases.? Autogenic or allogenic bone block
grafts have been established as a reliable substitute

to cover the glenoid bone defect, with increasing
treatment frequency in recent years.® The purpose of
this white paper is to compare 2 fixation methods for
glenoid bone loss applications with regards to cyclic
loading and graft interface pressure:

Both configurations were tested regarding the biome-
chanical stability (n = 6 in each group) in terms of mini-
mum initial elongation at 325 N, load at 3 mm and 5 mm
displacement, respectively. These parameters were
chosen as 3 mm represents the common threshold for
clinical failure and 5 mm was defined as a threshold in
previous literature.*

Furthermore, both configurations (n = 6 in each group)
were tested regarding the pressure distribution in the
contact area between the glenoid and the small bone
block.

For this purpose, two 40 / 20 pcf Sawbone blocks
(Sawbone, Sweden), representing the glenoid

(30 mm x 30 mm x 40 mm) and a small bone block

(10 mm x 10 mm x 20 mm) were prepared. Drill holes
were predrilled 10 mm apart and with a diameter of

2.4 mm for FiberTape cerclage fixation (Group 1) and
2.8 mm for the Endobutton fixation (Group 2), according
to the surgical techniques.

Preparation of FiberTape cerclage Constructs

(Group 1)

For FiberTape cerclage constructs, the FiberTape and
TigerTape cerclage suture tails were threaded from the
bottom to the top through the drill hole in the glenoid
and small bone block and then back through the
second drill holes to press the small bone block to the
glenoid (see Figure 1.A).

As described in the surgical technique, to interconnect
both cerclage sutures, the FiberTape cerclage suture
tail was loaded through the pre-tied racking hitch knot
of the TigerTape cerclage suture, and consequently,
the TigerTape cerclage suture tail was loaded through
the pre-tied racking hitch knot of the FiberTape cer-
clage suture.® Once the tape portion of each suture
engaged the knots, the sutures were then individually
and sequentially hand-tightened to reduce the slack in
the construct. The FiberTape and TigerTape suture tails
were successively loaded into the FiberTape cerclage
tensioner and the knots were tensioned to a load of
80 Ibf. Then, the suture ends were cut to separate the
2 tails of the cerclage sutures. Three alternating half
hitches were made on each cerclage suture.

Preparation of Endobutton Constructs (Group 2)

For suture-button constructs using round Endobuttons
(see Figure 1.B), as described in the surgical technique,
both devices were threaded through the small bone
block and then through the glenoid until the 2-hole
Endobutton with post lay flat on the anterior side of

the bone block.® The continuous loops were threaded
through the posterior buttons and then 1 loop was cut
to separate the 2 ends. The posterior round 1-hole
Endobuttons were advanced until they sat flush against
the posterior face of the glenoid using a Doubled-
Suture Nice Knot.” Using the FiberTape cerclage
tensioner, 80 Ibf of tension was applied to each knot
and then 3 alternating half hitches were applied to each
suture.



Figure 1.A: FiberTape Cerclage Construct With 2
Interconnected Cerclage Sutures (1 FiberTape® and 1
TigerTape™ Cerclage Suture, Respectively)

Figure 1.B: Suture-Button Construct With Endobuttons.
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Biomechanical Testing

The Sawbone blocks were mounted to the testing sys-
tem (E3000, Instron, USA). The load was applied with a
customized stamp, which was flush with the front of the
glenoid, replicating the curvature of the humeral head
(see Figure 2).

Figure 2: Test Setup for Biomechanical Testing.

The test setup was chosen to follow the procedure
described in previous literature by Alvi et al.2 The
displacement was set to O at a preload of 10 N.

Cyclic compression loading at 0.25 mm / s was applied
initially between 25 N and 325 N respectively. The
peak-to-peak amplitude of 300 N was kept constant
during testing, but both the minimum and maximum
load were increased by 25 N every 20th cycle until
failure or a maximum compression load of 1000 N was
reached. Load and displacement data were recorded
at 500 Hz. The initial elongation (S), the load at 3 mm
(L, @nd 5 mm (L, ) displacement, respectively, were
evaluated as depicted in Figure 3. Failure was defined
by Shin et al. as 5 mm of displacement of the graft
interface. Moreover, a minimum load value of 375 N
was defined at 5 mm displacement as an acceptance
criterion, according to the findings of Bergmann et al.®
The glenohumeral contact forces in 45° abduction
without a weight in hand results in 375 N, based on

51 % body weight for a subject of 75 kg.

Figure 3: Schematic Load-Displacement Graphic With
Display of Initial Elongation (S), Load at 3 mm (L, )
and 5 mm (L Displacement, Respectively.
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Interface Pressure Testing

Using a TekScan pressure mapping system (I-Scan,
TekScan, USA), the pressure mapping sensor (model
number 5051, max. pressure 3447 kPa) was calibrated
and 2 holes 10 mm apart were cut into the sensor.
The sensor was then placed between the small bone
block and the glenoid (Figure 4) prior to the previously
described sample preparation. The final force and
loaded area were measured and noted to calculate
the resulting contact pressure.

Figure 4: Test Setup for Pressure Distribution
Measurement in the Contact Area of Glenoid and
Small Bone Block Using TekScan 5051 Sensor (Left)
With Corresponding Measurement Values (Right).

& P -

- e ©

Area: 1.53 cm?
Load: 163.4 N
Pressure: 106.8 N/cm?




Biomechanical Testing

The minimum initial elongation and the load at 3 and

5 mm can be seen in the following boxplot graphs with
the corresponding p-value from the t-test in Figure 5
and Figure 6. The mean minimum initial elongation

(S) for the FiberTape cerclage fixation technique was
1.80 £ 0.32 mm, which was statistically significantly
less than for the suture-button fixation (2.87 + 0.56 mm,
p =0.002). The load at 3 mm displacement (L, ) for the
FiberTape cerclage fixation was significantly higher than
for the suture-button fixation technique (430 £ 29 N

vs. 326 £ 49 N, p = 0.008). Similarly, the load at 5 mm
displacement (L, ) for the FiberTape cerclage fixa-
tion technique was 592 + 9 N, which was statistically
significantly higher than for the suture-button fixation
(518 £ 62 N, p = 0.035). Moreover, the load at 5 mm
displacement for both constructs was significantly
higher than the acceptance criteria of 375 N (FiberTape
cerclage p < 0.0001, suture-button p = 0.0025). Both
groups showed no construct failure before 5 mm
displacement was reached.
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Interface Pressure Testing

The contact pressure can be seen in the graph in Fig-
ure 7. The contact pressure for the FiberTape cerclage
fixation technique was 93.2 + 21.8 N / cm?, which was
higher than the pressure for the suture-button fixation
(77.3 + 14.8 N / cm?). However, no statistically significant
difference was observed (p = 0.173).

120

_—
——

Endobutton fixation

Pressure [N/cm?]

p=0173

FiberTape cerclage fixation

The FiberTape cerclage fixation technique shows a
significantly lower initial minimum elongation, as well as
higher loads at 3 and 5 mm displacement respectively.
Therefore, it can be concluded that the FiberTape
cerclage fixation can better withstand construct
displacement at higher loads. Moreover, the defined
acceptance criterion for the load at 5 mm displacement
of both constructs was met, as it was significantly higher
than 375 N.

The FiberTape cerclage fixation and suture-button
fixation technique show a statistically equal contact
pressure between the small bone block and the
glenoid, which leads us to conclude that the FiberTape
cerclage and Endobutton fixation techniques are
clinically safe with regards to the contact pressure.
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