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Abstract
Background We hypothesized that transfer of the olecranon
tip for simulated type III coronoid fracture would restore pos-
terior ulnohumeral translation to a level not different from that
in the intact state.
Methods The collateral ligaments were left intact in 12 fresh-
frozen cadaveric elbows, and all other soft tissues were re-
moved. The entire coronoid process was osteotomized flush
with the ventral aspect of the ulna and was reconstructed using
the tip of the olecranon process. Specimens were tested with
an axial load of 100 N at 0.25mm/s in 15° increments from 15
to 120° of flexion. Intact, osteotomized, and reconstructed
posterior ulnohumeral displacement was measured.
Results The bony reconstruction did not obstruct range of
motion of the elbow. Intact translation (mean±SD) ranged
from 0.3±0.1 to 1.1±0.6 mm, and translation in the
osteotomized state ranged from 1.3±1.0 to 2.0±1.0 mm. Re-
section of the coronoid resulted in a significant increase in
posterior ulnar translation compared with intact at all flexion
angles (p<0.05) except at 75°. Reconstruction decreased
translation versus the osteotomized state at all flexion angles,
significantly at 60 and 120°. No significant difference in trans-
lation was found between reconstructed and intact states at
five of eight positions tested.
Conclusions In this biomechanical study of irreparable
coronoid fracture, autograft olecranon tip transfer restored

posterior elbow stability to a level not significantly different
from the intact elbow in five of eight elbow positions tested.
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Introduction

The coronoid is crucial for elbow stability [3, 8]. Biomechan-
ical studies have shown that this structure prevents posterior
ulnar subluxation and resists posteromedial and posterolateral
rotatory forces [1, 3, 14]. Fractures of the coronoid process are
commonly associated with elbow dislocation and radial head
fracture in terrible triad injury of the elbow. In biomechanical
studies, repair of type II and III [11] coronoid fractures has
been shown to be critical in restoring elbow stability after this
injury [3, 10].

Few repair options exist in coronoid fractures where the
coronoid process is extensively comminuted. The anterior
capsule of the elbow can be sutured to the coronoid fragments
to help restore stability [9], but this soft tissue repair is inher-
ently less stable than the bony constraint provided by the
native coronoid and often limits elbow extension [5, 13].
Use of structural allograft and radial head allograft for
coronoid reconstruction has shown mixed results [16]. A pro-
cedure in which the tip of the olecranon is transferred to re-
place the missing coronoid [6] could offer the advantage of an
osteochondral autograft anatomically similar to the coronoid
with minimal donor site morbidity. We are not aware of any
studies that have evaluated the biomechanical effect of this
procedure on elbow stability. We evaluated the effect of olec-
ranon tip transfer on posterior ulnar translation in a cadaver
model of type III coronoid fracture. We hypothesized that this
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procedure would restore elbow stability to a level not different
from that of the intact specimen.

Materials and Methods

We tested 12 fresh-frozen cadaveric elbows in this study. Av-
erage age was 82 years (range, 71–92), and sex was two fe-
males and ten males. We thawed specimens at room temper-
ature for 12 h before testing. We removed skin and all subcu-
taneous soft tissues including the musculature about the elbow
and took great care in preserving the integrity of the joint
capsule and all of the collateral ligaments. The humerus was
transected at the midshaft and the forearm 15 cm distal to the
elbow joint. We placed a Steinmann pin between the radius
and ulna distally to lock the forearm in neutral rotation and
potted the specimens using polyester resin (Bondo, 3M, St.
Paul, MN).

We used a custom jig to administer posterior loading of the
ulnohumeral joint within an arc of 0 to 120° (Fig. 1). Once
mounted in the custom jig, the specimen was secured on an
electromechanical load frame (MTS Systems, Inc., Eden Prai-
rie, MN). The load was 0.25 mm/s until a load of 100 N was

obtained. This rate was used to simulate mild physiologic
strain in the collateral ligaments [3, 12, 18]. Posterior ulnar
translation was measured using load frame crosshead dis-
placement in a manner similar to that described previously [3].

We measured posterior ulnar translation at 15° intervals of
ulnohumeral flexion from 15 to 120°. We did not test speci-
mens at 0° because some specimens had slight flexion con-
tractures. A total of ten loading cycles were done at each
flexion position, and average displacement was used in the
analysis.

Once the intact specimens were tested, we used a
microsagittal saw to resect the coronoid flush with the ventral
aspect of the ulna [11]. The level of the cut was determined by
drawing an imaginary line along the anterior cortex of the
ulna, corresponding with the ventral aspect of the ulna
(Fig. 2). The bone was resected using a microsagittal saw.
We confirmed the level of resection fluoroscopically in mul-
tiple planes (Fig. 3). After resection of the coronoid, the spec-
imens were similarly secured in the load frame and loaded as
described above.

Pilot specimens were used to determine the size of olecra-
non tip that would be required to replace the resected coronoid
process. We determined that cutting the tip of olecranon using
the line used to resect the coronoid as a guide for the exit of
our cut would yield an olecranon tip fragment of similar di-
mensions to the resected coronoid (Figs. 3 and 4). To achieve
this, we extended the line that we used to cut the coronoid
through the joint until it intersected the olecranon. This was
determined to be the exit point of the olecranon cut. We
resected the tip of the olecranon with a 10-mm microsagittal
saw at a 15° anterosuperior tilt to avoid taking articular carti-
lage from the ulna. Care was also taken avoid violating the
articular cartilage of the posterior humerus. The size of the
olecranon fragment varied depending on specimen size, but
the typical resection was approximately 8mmor approximate-
ly 50 % of the olecranon. The olecranon tip in this model did
not have any substantial triceps attachment.

After harvesting, the olecranon graft was flipped for place-
ment on the coronoid to ensure a continuous osteochondral
articular surface. The graft was fashioned for a precise

Fig. 1 Test setup for posterior loading of the ulnohumeral joint within an
arc of 0 to 120°

Fig. 2 Illustration showing method used to resect the coronoid and the
olecranon
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contoured fit. The olecranon is slightly wider than the
coronoid in its medial-to-lateral dimension, and there-
fore, approximately 3 mm of the lateral graft was
resected to prevent impingement of the graft into the
proximal radioulnar joint. Once appropriate positioning
was achieved, the graft was secured to the coronoid
with clamps and a guide wire for a 4.0-mm cannulated
screw was used to secure the fragments. Precise align-
ment of the graft was confirmed via fluoroscopy. A 4.0-
mm cannulated screw of adequate length to secure the

graft was then placed using a lag screw technique
(Fig. 5). Anteroposterior fixation was used because
compression or lag fixation in this setting is readily
accomplished clinically under direct visualization. Fluo-
roscopy was used to confirm anatomic positioning of
the olecranon graft, appropriate screw trajectory, and
good apposition of the bone fragments (Fig. 6).

After reconstruction, specimens were taken through
range of motion to make sure that there was a smooth
arc free from impingement by the graft. Specimens were
then mounted on the testing jig and loaded as for the
previous stages (Fig. 7).

Statistical Analysis

Power analysis based on three groups with standard devi-
ation of 0.24 found that 12 specimens per group at 15° of
elbow flexion would have 90 % power to identify a sig-
nificant difference in posterior ulnar translation (effect
size, 0.39) at the p=0.05 level if such a difference existed.

Fig. 3 Fluoroscopy image showing level of resection of coronoid parallel
with the anterior border of the ulna (a) and specimen with both coronoid
and olecranon resected (b)

Fig. 4 Coronoid fragment (top) and olecranon fragment (bottom)

Fig. 5 Illustration image shows anatomic positioning of the olecranon
graft, appropriate screw trajectory, and good apposition of the bone
fragments

Fig. 6 Fluoroscopy image confirming anatomic graft position, screw
trajectory, and apposition of bone fragments
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Data were analyzed with repeated measures analysis of
variance with Tukey post hoc test if significant difference
was found. A p value of ≤0.05 was considered significant.

Results

The olecranon graft provided a continuous osteochondral ar-
ticular surface in all specimens, and the bony reconstruction
did not obstruct range of motion of the elbow in any speci-
mens before loading. Intact posterior ulnar translation (mean±
SD) ranged from 0.3±0.1 to 1.2±0.6 mm, and translation in
the osteotomized state ranged from 1.3±1.0 to 2.0±1.0 mm
(Table 1).

Resection of the coronoid resulted in a significant
increase in posterior ulnohumeral translation compared
with intact at all flexion angles except 75° (Table 1).
Reconstruction improved translat ion versus the
osteotomized state to some extent at all flexion angles,
significantly at 60 and 120° of flexion. Reconstruction
decreased translation to a level not different from the
intact state at 15, 45, 60, 90, and 120° of flexion.

During testing, there was no visual evidence of any
gross graft displacement or rotation.

Discussion

In this biomechanical study of irreparable coronoid fracture,
autograft olecranon tip transfer restored posterior elbow sta-
bility to a level not significantly different from the intact el-
bow in five of eight elbow positions tested. These findings
suggest that olecranon tip transfer offers biomechanical qual-
ities conducive to elbow stability in type III coronoid fractures
where repair is not possible because of the size of the fragment
or the amount of comminution.

Our results support those of previous biomechanical stud-
ies that have tested elbow instability with coronoid fracture [3,
4]. Closkey et al. [3] observed posterior ulnohumeral displace-
ment of up to 2.4 mm after type III coronoid fractures. King
et al. [4] found that rebuilding the coronoid with a metallic
prosthesis can return varus-valgus stability to the elbow. Their
results suggested that stability can be returned to the elbow by
replacing the coronoid, whether it is with a prosthesis or with
an autograft, as our study shows.

Our study evaluated isolated coronoid fracture to control
for all other factors contributing to elbow instability, such as
the collateral ligaments and joint capsule. We kept the collat-
eral ligaments and all other osseous structures intact to isolate
the effect of this procedure on the instability caused by
coronoid fracture. This method allowed us to directly measure
the effect of olecranon tip transfer on posterior ulnar transla-
tion. In vivo, these injuries seldom occur in isolation but rather
are seen in association with terrible triad injuries where mul-
tiple ligaments and osseous structures have been violated,
yielding several sources of instability [15]. This biomechani-
cal study is thus narrowly focused on only one aspect of a
complex treatment scenario.

Fig. 7 Specimen mounted on load frame showing fit of graft onto
coronoid

Table 1 Displacement at elbow flexion angles tested (mean±SD)

Flexion angle (deg) Displacement (mm) P value Significant?

Intact (I) Osteotomized (O) Reconstructed (R) I vs O O vs R R vs I

15 0.3±0.1 1.4±1.2 0.9±0.5 0.02 Yes No No

30 0.4±0.1 1.3±1.0 1.1±0.5 0.005 Yes No Yes

45 0.7±0.6 1.6±0.8 1.0±0.8 0.02 Yes No No

60 0.9±0.6 2.0±1.0 1.0±0.4 0.002 Yes Yes No

75 1.2±0.6 1.4±0.7 1.2±0.8 0.45 No No No

90 1.0±0.6 1.7±0.7 1.3±0.9 0.01 Yes No No

105 0.8±0.3 1.5±0.7 1.4±1.0 0.02 Yes No Yes

120 0.9±0.5 1.6±0.5 1.1±0.5 <0.001 Yes Yes No

Analysis by repeated measures ANOVAwith Tukey post hoc test
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The olecranon tip may offer advantages as a graft option for
unreconstructable coronoid fractures. The olecranon is local to
the surgical site and thus decreases concerns for donor site
morbidity at a different site, such as in iliac crest harvest [7].
The use of osteochondral autograft olecranon graft offers the
theoretical advantage of reduced potential for posttraumatic
arthritis. The approximately 50 % resection of the olecranon
used in this study is well below the 87 % level of olecranon
resection associated with gross instability of the elbow [2].
The procedure is relatively simple with low cost in that only
a single cannulated screw is required. We found that the graft
can be fashioned to be almost identical to the coronoid frag-
ment for a close anatomic fit similar to that observed in
hemihamate arthroplasty for unreconstructable phalangeal ba-
se fractures [17]. The lack of substantial triceps attachment in
this model should allow for harvesting while preserving the
triceps, and compression or lag fixation from anterior to pos-
terior is readily accomplished under direct visualization.

Use of the olecranon tip for coronoid reconstruction may
also offer other advantages over use of radial head or iliac
crest graft. Radial head graft is nonanatomic and does not
incorporate cartilage, and iliac crest graft is not osteochondral
bone. In a recent study, one of six patients in whom an
osteoarticular radial head fragment was used for coronoid re-
construction in terrible triad injury had complete resorption of
the graft and severe osteoarthritis at 54 months [16]. Mayo
Elbow Performance Scores were one excellent, two good, one
fair, and two poor. The use of iliac crest bone graft for
coronoid reconstruction in terrible triad injury resulted in good
clinical results at 1 year with limited range of motion from 45
to 120° and a Morrey score of 94 [5]. Moritomo et al. reported
on use of an olecranon tip autograft for coronoid reconstruc-
tion in two patients with chronic elbow instability after terrible
triad injury [6]. One patient had range of motion of 25–120° at
1 year without recurrent instability, and the second had similar
range of motion and no limitations in activities of daily living
at 5 years without evidence of arthritis or graft resorption.
Although not seen in these two cases, resorption of the graft
is a potential concern after this procedure. We believe that the
risk of resorption with olecranon tip graft may be mitigated by
the fact that this is an autologous graft. However, larger clin-
ical series will be required to assess this risk. Although clinical
evidence for this procedure is limited, our findings suggest
that osteochondral olecranon graft provides biomechanical
stability in treatment of irreparable coronoid fractures.

There are several limitations to our study. This biomechan-
ical study was based on a model of an isolated coronoid frac-
ture and does not replicate terrible triad injury with collateral
ligament and radial head injury. Our study design did not
allow definitive determination of the reason for continued sta-
tistical difference in displacement between the reconstructed
and intact specimens at 30 and 105°, but we believe that it is
reasonable to assume normal variation among the specimens

played a role. We tested only posterior displacement of the
elbow. Several studies have shown that coronoid fractures also
can affect varus and valgus instability of the elbow [4]. A
future direction of this study is to develop a multidimensional
testing construct that would allow us to test ulnohumeral dis-
placement in all planes. However, the current study design
allowed us to isolate a critical component of stability in the
elbow after type III coronoid fracture.

In this biomechanical study of irreparable coronoid frac-
ture, autograft olecranon tip transfer restored posterior elbow
stability to a level not significantly different from the intact
elbow in five of eight elbow positions tested.
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