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Abstract

Background: Small olecranon fractures present a significant challenge for fixation, which has resulted in development of
plates with proximal extension. Olecranon-specific plates with proximal extensions are widely thought to offer superior
fixation of small proximal fragments but have distinct disadvantages: larger dissection, increased hardware prominence,
and the increased possibility of impingement. Previous biomechanical studies of olecranon fracture fixation have compared
methods of fracture fixation, but to date there have been no studies defining olecranon plate fixation strength for standard
versus extended olecranon plates. The purpose of this study is to evaluate the biomechanical utility of the extended plate
for treatment of olecranon fractures. Methods: Sixteen matched pairs of fresh-frozen human cadaveric elbows were used.
Of the 16, 8 matched pairs received a transverse osteotomy including 25% and 8 including 50% of the articular surface on
the proximal fragment. One elbow from each pair was randomly assigned to a standard-length plate, and the other elbow in
the pair received the extended-length plate, for fixation of the fracture. The ulnae were cyclically loaded and subsequently
loaded to failure, with ultimate load, number of cycles, and gap formation recorded. Results: There was no statistically
significant difference between the standard and extended fixation plates in simple transverse fractures at either 25% or
50% from the proximal most portion of the articular surface of the olecranon. Conclusion: Standard fixation plates are
sufficient for the fixation of small transverse fractures, but caution should be utilized particularly with comminution and
nontransverse fracture patterns.
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Introduction strated to have increased biomechanical stability and
decreased complications compared with other fixation
methods; however, there certainly is a risk for hardware
prominence necessitating removal, which is not unique to
this fixation construct.>>'%!%2326282931 The o0als of opera-
tive fixation of displaced olecranon fractures are to gain
anatomic reduction, ensure union, and provide stable fixa-
tion to allow for early motion.

Olecranon fractures are common injuries that often occur
following low-energy falls in older patients or motor vehi-
cle crashes in a younger population.®'®?° A displaced non-
comminuted proximal ulna fracture is the most prevalent
type of olecranon fracture and has been reported to occur in
up to 82% of olecranon fractures.*'®** Open reduction and
internal fixation (ORIF) has become the standard of care
for nearly all olecranon fractures; however, the method of
fixation remains controversial.”’ The most commonly
described fixation methods include tension band wire fixa- 'Emory University, Dunwoody, GA, USA
tion, precontoured plate fixation, and intramedullary screw .
fixation, and a number of studies have demonstrated good Corresponding Author:
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Figure |. Standard (a) and extended (b) precontoured
olecranon plates.

a.

Figure 2. Radiographs of standard (a) and extended (b)
precontoured olecranon plates as applied following osteotomy.

Small olecranon fractures, particularly in osteoporotic
bone, have increased failure rates when treated with
standard olecranon plates. Loss of fixation secondary to
implant failure is well demonstrated in this unique patient
population.*”-1113-17:21.23:24 A nymber of different fixation
techniques have failed to demonstrate any benefit in sta-
bilizing olecranon fractures in osteoporotic bone.” As
such, plates with proximal extension have been devel-
oped with the hope of providing increased purchase in
the proximal fragment. While previous biomechanical
studies of olecranon fracture fixation have compared
plate types with other methods of fracture fixation, to
date there have been no studies defining olecranon plate
fixation strength for standard versus extended olecranon

plates particularly of the small olecranon fracture. This
difference, if present, is critical to define as the use of
these extended plates is at the cost of increased dissec-
tion, increased hardware prominence, and an increased
likelihood of impingement in the olecranon fossa.'='%*2

The purpose of this study is to evaluate the biomechani-
cal utility of the extended plate for treatment of small prox-
imal olecranon fractures. We hypothesize that the more
robust proximal fixation offered by the extended proximal
olecranon plates will provide superior biomechanical stabil-
ity demonstrated by increased load to failure compared with
standard proximal fixation olecranon plates in the fixation
of small olecranon fractures, while large olecranon frac-
tures will not benefit from the increased purchase of proxi-
mally extended plates.

Materials and Methods

Sixteen matched pairs of fresh-frozen human cadaveric
elbows, including the distal half of the humerus and the
radius and ulna, were thawed at room temperature. All soft
tissue was dissected free with the exception of the elbow
joint capsule and triceps tendon. With visual inspection,
there was no evidence of previous elbow injury or surgery
in any of the tested elbow pairs.

Eight matched pairs received a transverse osteotomy at a
point including 25% of the articular surface of the olecranon
on the proximal fragment, and 8 matched pairs received a
transverse osteotomy at a point including 50% of the articular
surface of the olecranon on the proximal fragment to simulate
different fragment sizes. The osteotomy site was identified
by measuring the distance with a handheld digital caliper
between the articular surface of the tip of the olecranon and
the articular surface of the tip of the coronoid, calculating
50% or 25% of that value and similarly marking the appropri-
ate site for the osteotomy along the olecranon. The transverse
osteotomy was performed using a fine-blade oscillating saw.
The fragment was then reduced and held with a pointed
reduction forceps under direct visualization. Fixation was
then performed in this position by the plate to which each was
randomly assigned according to the manufacturer’s product
guide (Acumed Elbow Plating System Olecranon Plate,
Hillsboro, OR). The proximal holes in each plate were all
filled with locking screws. In the standard plate, this included
4 holes along the subcutaneous border of the ulna and a single
screw into the olecranon tip. In the extended plate, this
included 4 holes along the subcutaneous border of the ulna
and 3 screws into the olecranon tip. Three nonlocking screws
were placed in the first, third, and fourth hole in the diaphy-
seal section of each plate. One elbow from each matched pair
was randomly assigned to a standard-length plate and the
contralateral elbow received the extended-length plate for
fixation of the fracture (Figures 1 and 2).
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Figure 3. The final set-up of the specimens before being placed in the materials testing machine.
Note. The fractures are fixed with precontoured olecranon plates, the humerus is potted in 2-inch PVC pipes, and the triceps tendon is reinforced with
FiberWire suture and secured to the PVC pipe with 2 circular steel hose clamps. The initial flexion angle is 90°. PVC = polyvinyl chloride.

After fracture fixation was accomplished, the proximal
humerus was potted into a 2-inch polyvinyl chloride (PVC)
pipe utilizing dental cement (Heroes Kulzer Inc, South Bend,
Indiana). The triceps mechanism was secured to the PVC pipe
with 2 circular steel hose clamps (Tridon, Nashville, Tennes-
see) at an initial flexion angle of 90° with the triceps tendon
reinforced with FiberWire suture and two 2-mm stainless steel
wires (Figure 3). This method of loading applied tension along
a physiologic vector through the pull of the triceps tendon.

A materials testing machine (MTS 858 Mini-Bionix Test
System, Minneapolis, Minnesota) was then utilized to apply
a vertical force at a point on the subcutaneous border of the
ulna 10 cm from the fracture. The ulnae were cyclically
loaded from 0 to 100 N at a frequency of 1 Hertz (Hz) for 500
cycles and were subsequently loaded to failure. Fracture gap
was measured with a handheld digital caliper at 5, 50, and
500 cycles by 3 independent observers and the average gap
calculated. Load to failure criterion was defined as the force
required to create a gap of 2 mm at the fracture site. The num-
ber of cycles; fracture gap displacement after 5, 50, and 500
cycles; and the ultimate load to failure were recorded.

Results

For specimens fixed with the standard olecranon plates (n=16),
3 specimens failed during the cyclic loading phase, and 13

were loaded to failure. One of the failures was in a small
fracture fragment, and the other 2 failures were found in
specimens with a large fracture fragment. For the specimens
fixed with the extended olecranon plates (n = 16), 4
specimens failed during the cyclic loading phase, and 12
were loaded to failure. All 4 of the failures occurred in
specimens with small olecranon fracture fragments.

Gap formation was measured for each specimen at 5,
50, and 500 cycles. For the small (25%) fracture fragments
fixed with a standard-length plate, the fracture gap aver-
aged 0.08 mm, 0.13 mm, and 1.9 mm at each of the 3 time
points. For the small (25%) fracture fragments fixed with
an extended-length plate, the fracture gap averaged 0.85
mm, 1.06 mm, and 0.90 mm at each of the 3 time points
(P =.08, P=.08, P =.87). For the large (50%) fracture
fragments fixed with a standard-length plate, the fracture
gap averaged 0.43 mm, 0.87 mm, and 1.05 mm at each of
the 3 time points. For the large (50%) fracture fragments
fixed with an extended-length plate, the fracture gap aver-
aged 0 mm at each of the 3 time points (P =.03, P=. 17,
P =.015) (Table 1).

Overall, the average load to failure in specimens with
standard plates was 288 N + 72.1 N (Table 2). The mean
load to failure in specimens with standard plates and oste-
otomies at 25% (n = 8) was 189 N + 35.4 N versus 387 N +
135.1 N for specimens with osteotomies at 50% (n = 8).
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Table I. Mean Gap Formation for the Standard and Extended Plates at Cycles 5, 50, and 500.
Number of cycles 5 50 500 5 50 500

Small (25% Fracture) Standard Plate Small (25% Fracture) Extended Plate
Average gap formation 0.08 0.13 0.83 0.86 1.07 0.90
Standard deviation 0.74 0.75 0.99 1.06 1.24 1.01
P value .08 .08 .87

Large (50% Fracture) Standard Plate Large (50% Fracture) Extended Plate
Average gap formation 0.43 0.87 1.05 0.00 0.00 0.00
Standard deviation 0.73 0.82 0.90 0.76 0.76 0.76
P value .04 .02 .02
Table 2. Mean Load to Failure for Specimens With Standard and Extended Plates.

Standard plate, mean + SEM (N) Extended plate, mean * SEM (N) P value

Overall 288 £ 72.1 278 £51.0 .865
Osteotomy 25% 189 + 354 161 £21.6 .587
Osteotomy 50% 387 + 135.1 395+823 936

Note. SEM = standard error of the mean.

Overall, the average load to failure in specimens with the
extended plate was 278 N = 51.0 N. The mean load to fail-
ure in specimens with extended plates and osteotomies at
25% (n=8) was 161 N+21.6 N versus 395 N + 82.3 N for
specimens with osteotomies at 50% (n = 8). Overall, there
was no statistically significant difference in the load to fail-
ure force between plates (P = .865) or osteotomy sites (P=.587
at 25% osteotomy and P = .936 at 50% osteotomy).

All 32 specimens failed catastrophically during the
cyclic loading or load to failure phases. Failure in every
specimen involved screw cutout and a gradual increase in
size of the fracture gap. No specimens failed due to hard-
ware breakage.

Discussion

In this cadaveric study, we attempted to determine whether
the extended proximal fixation olecranon plates provided
superior biomechanical stability when compared with stan-
dard proximal fixation olecranon plates in the fixation of
olecranon fractures, particularly those with small proximal
fragments. Previous study has demonstrated that elbow sta-
bility and articular reduction of these olecranon fractures are
less critical than preserving muscular attachment of the tri-
ceps to the tip of the olecranon.*”'? This is particularly true
in those fractures with small olecranon fragments, which are
particularly prone to redisplacement and nonunion.*""
While studies have compared various fixation techniques,
there are no other studies that have investigated the differ-
ence in stability between standard and extended plates. The

results of this investigation failed to demonstrate a statisti-
cally significant difference in load to failure between stan-
dard and extended plates for the fixation of small or large
simple, transverse fractures of the proximal olecranon.

Biomechanical models of the elbow have been used to
estimate the force seen by the elbow in various activities of
daily living (ADLs), and these models have reported peak
joint forces seen in light ADLs (eating, dressing, personal
hygiene) range from 70 to 350 N and in moderate ADLs
(opening a door, lifting a small bag or gallon of milk) range
from 419 to 698 N."* This is particularly relevant given the
load to failure that was seen in this cadaveric study, which
is well below the normal loads seen by the elbow in activi-
ties of daily living. Due to this, the elbow should be strictly
nonweightbearing until some signs of bony union are pres-
ent. The current standard of postoperative care at our insti-
tution involves 7 to 10 days of immobilization and an
additional 6 to 8 weeks of nonweightbearing while begin-
ning to work to regain range of motion.

Plate fixation for olecranon fractures has demonstrated
superior biomechanical stability compared with alternate
methods of fracture fixation. This trend of superior load to
failure was demonstrated in this cadaveric study, as mean
load to failure in this study was 288 N and 278 N in the
standard and extended groups, respectively. These values
are much higher than load to failure reported in the litera-
ture for alternate fixation methods. A similar cadaveric
study looking at a variety of fixation methods, including
tension band wiring and screw fixation, reported mean load
to failure ranging from 35 to 84 N at 90°.%
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Although plate fixation for olecranon fractures has been
shown to have increased biomechanical stability compared
with other methods, this technique is not without complications.
Especially in osteoporotic bone, the extensor mechanism
can fail and pull off of the fixed olecranon fragment.'**
Along with failure of the extensor mechanism, previous
studies have reported limitations in extension and promi-
nence of hardware following fixation of olecranon fractures,
with more severe limitation found after fixation with lon-
ger plates."*'*?? Future studies should investigate whether
extended plates offer superior stability for fixation of olecra-
non fractures with more complex fracture patterns, as these
fractures are also subjected to increased failure rates relative
to simple fracture patterns and these fractures may provide a
role for the extended plates. Also to be investigated is the
differences in limitation of extension which occur between
standard and extended plate types. Based on the reported
data, along with the known risk of decreased range of motion
and lack of evidence for increased stability with extended
plates, we posit that standard plates are sufficient for fixation
of simple olecranon fractures of varying sizes greater than
and including those with only 25% of the articular surface
attached to the proximal fragment. This information must be
used with caution as it does not necessarily apply to smaller
or more comminuted fragments of the proximal ulna.

Conclusion

The goal of this study was to determine if extended olecra-
non fixation plates provided increased biomechanical stabil-
ity compared with standard plates in olecranon fractures that
were 25% or 50% from the proximal most portion of the
articular surface of the olecranon. While we hypothesized
that extended plates would be superior to standard plates for
fractures 25% from the proximal most portion of the articu-
lar surface of the olecranon, there was no statistically sig-
nificant difference found. In conclusion, even with small
fragments, the standard fixation plates are sufficient for the
fixation of simple fractures. However, this recommendation
must be tempered with clinical judgment, particularly with
comminuted and nontransverse fractures, where there may
be continued utility for the extended plate or suture augmen-
tation to increase the stability of the construct.
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