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Despite 2.2 million bone allografts conducted annually, their complication rate remains high, with re-
cipients incurring infection, fracture, instability, and failure to incorporate. Nonunion rates in massive
bone allograftsda bone segment �5 cm in length that also contains the total circumference of replaced
bonedhave been documented as high as 50%. However, if early complication can be avoided, a 75%
success rate at 20 years postoperatively has been reported. Nonmassive allografts may yield decreased
nonunion rates, as massive bone allografts must overcome a greater metaphyseal to diaphyseal incor-
poration rate and osteoconduction may not ensue beyond the bone periphery. The patient in this case is a
23-year-old male demonstrating absent bone in the right olecranon process of the ulna without
attachment of the triceps brachii after a motorbike accident. The patient underwent olecranon allograft
reconstruction with triceps brachii tendon reattachment. Four and a half years after allograft recon-
struction of the right olecranon, the patient presents with minimal symptoms. However, he reports
occasional aching at the site of injury. His current active arc of sagittal motion was 20�-130�, and
pronation-supination was 70�-80�. His triceps strength was 4/5 Medical Research Council grade.
Radiographic evaluation revealed a well-incorporated graft with a recontoured olecranon tip. Overall,
this report demonstrates that operations involving a nonmassive allograft about the olecranon process
may display minimal side effects in comparison to massive allografts, specifically regarding nonunion.
Furthermore, this operation allows for improved range of motion after bone loss, allowing the patient to
partake in activities of daily living.

© 2022 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
The first bone allograft was conducted by Macewen in 1878 as
an attempt to treat humeral infection.5,19 The use of allografts in the
field of orthopedic surgery has grown tremendously since, with
more than 2.2 million bone allografts conducted annually.7 Various
allografting techniques, including impaction grafting, allograft-
prosthesis composite, and cortical strut allografting, have been
used to treat massive bone loss after tumor resection, failed
arthroplasty, or traumatic injury, with the latter being less
reported.7,8,11,13,18 Despite the procedure's high risk of failure,
overcoming early complications has demonstrated a success rate of
75% over 20 years, following review of more than 800 allograft
transplants of various types and locations.4,6,10,13

In addition to risks such as infection, fracture, osteoarthritis, and
instability, failure of massive allografts to fully incorporate into the
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host bone is common.1,11,13,17 Massive bone allografts are bone
segments �5 cm in length and also consist of the total circumfer-
ence of a replaced bone.4 Studies have indicated massive allograft
nonunion rates to be approximately 17%; however, Min et al report
nonunion of allograft-prosthesis composites of the proximal femur
to be as high as 50%.4,6,7,15 Delloye et al report the rate of incor-
poration of the metaphyseal junction of graft occurs at a rate twice
that of the diaphyseal junction, demonstrating variation in the
biology of graft healing. However, the extent of incorporation fail-
ure proceeds beyond incorporation rate variance. Comprehensive
osteoconductive incorporation of graft bone with host bone rarely
occurs beyond the peripheral interfaces, leaving the volumetric
majority of graft bone unincorporated.4 We were unaware of any
definition for nonmassive allograft reported in the literature. For
the purpose of this report, we defined the nonmassive allograft as
any allograft not meeting both conditions stated in the Delloye et al
definition for massive allograft.4 Nonmassive allografts were less
documented in the literature, and therefore, their outcomes and
complications, for example, incorporation, have been poorly
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Figure 1 Initial radiograph of 23-yr-old male patient demonstrating absence of the
olecranon process.

Figure 2 Initial postoperative radiograph of the olecranon process allograft demon-
strating allograft secured with four 3.2 mm titanium screws in a lagged combination of
allograft and autograft.

Figure 3 CT scan at 4 months demonstrating 60%-70% interface healing.
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understood. Even more uncommon was the use of moderate-sized
allografts at hemiarticular locations such as the olecranon.11

However, the limited information that exists on postoperative
outcomes of graft incorporation at the proximal ulna has been
optimistic.2,3,10,11

We present a case report describing a nonmassive olecranon
bone allograft in a young patient enduring traumatic bone loss after
a motorbike incident. A final postoperative evaluation was
completed 4.5 years after the allograft.

Case report

A 23-year-old male presented to the emergency department
with right elbow pain after sustaining a motorcycle incident. Initial
radiographic examination demonstrated absent bone in the right
olecranon process of the ulna, and the triceps brachii was not
attached (Fig. 1). The patient underwent irrigation, d�ebridement,
and attempted triceps reattachment at an outside hospital. The
mean Mayo Elbow Performance Score (MEPS) was 45 (pain: 15,
range of motion: 15, stability: 0, function: 15). One month after the
initial presentation, when the posterior skin had recovered, the
patient was referred for reconstructive surgery. With infection
hematological indices being normal, the patient was scheduled for
a right olecranon allograft reconstruction and triceps reattachment.

Preoperatively, the patient was administered 2 gm of IV anti-
biotics (patient weight >80 kg), underwent general anesthesia, and
was positioned supine with the arm flexed across the chest, sup-
ported by a towel roll. The previous dorsal incision was used and
extended 3 cm proximally and distally. Full thickness skin flaps
were raised, and the ulnar nerve was identified proximal to the
elbow and was neurolysed 10 cm proximally and to the first motor
branch distally by removing the transverse cubital ligament
entirely. Because of the prior triceps injury and attempted repair at
the outside hospital, a triceps-reflecting anconeus pedicle approach
was used to mobilize the triceps while preserving the maximum
structural material available.16 The triceps-reflecting anconeus
pedicle approach was conducted by removing the anconeus in
continuity with the triceps to the olecranon fossa level. The triceps
tendon displayed several areas of heterotopic bony callus within its
traumatized structure, which were carefully removed. Once the
triceps was mobilized and the d�ebridement complete, the rem-
nants of the posterior olecranonwere visible. The scarred posterior
capsule was excised, and the anterior capsule was stripped from the
anterior humerus to promote soft tissue mobility. No structurally
relevant olecranon bone was salvageable proximal to the bare area.
The coronoid process was intact. At this time, the triceps was
completely tenolyzed from the proximal extent of the olecranon
fossa and up to 10 cm proximal of the olecranon fossa, allowing for
excursion. A step cut was then created, entering the bare area and
exiting the proximal subcutaneous border of the host ulna, to
receive a reciprocally contoured fresh frozen proximal ulna allo-
graft. It should be noted the fresh frozen allograft was selected as
opposed to a fresh osteochondral graft based on previous experi-
ence in a similar case. The surgeon determined the need to perform
a secondary extension because of extension-based subtle incon-
gruence of the olecranon made the need for fresh cartilage less
important than stable triceps insertion. Fine contouring, to achieve
maximal contact, was performed with a burr. The allograft was
positioned and secured with four 3.2 mm lagged titanium screws
(Fig. 2). A subcutaneous plate was not considered at this time
because of poor soft tissue. The host triceps was then reattached to
the olecranon allograft bone using 2 running locking #2 braided
polyester suture into bone tunnels. It was noted that the allograft-
host articulation posteriorly was marginally imperfect because of
graft morphology and prevented terminal extension due to the
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incongruence. The flexor and extensor masses were reconnected,
side to side, to the triceps at the epicondylar level with #1 synthetic
absorbable suture. The ulnar nerve was then repositioned posterior



Figure 4 Final 4.5-yr follow-up of extension and flexion.

Figure 5 Final 4.5-yr follow-up of pronation and supination.

Figure 6 4.5-yr postoperative radiograph of the incorporated olecranon process allo-
graft demonstrating a stable recontoured olecranon process tip.
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to the medial epicondyle and was noted to be tension-free in elbow
flexion and stable. A routine lavage and closure were performed
and the arm splinted in full extension.

The postoperative course was uneventful. Two weeks post-
operatively, no problems were reported, sutures were removed,
and the patient was placed in a long arm cast. Physical therapy was
requested for the patient at 3 weeks. At 10 weeks, the range of
motion was 45�-130� sagittal motion, and the triceps functioned
252
well against gravity and achieved 4/5 strength. The patient was
released to return to work with a 0.45-0.9 kg weight restriction.
Computed tomography of the patient's right elbow, at 4 months,
demonstrated 60%-70% surface area healing of the allograft, as seen
in Figure 3.

The residual 45� extension deficit due to posterior abutment
remained and was symptomatically difficult for the patient. Hence,
at 6 months, a right elbow arthroscopic anterior capsulectomy and
posterior partial olecranon tip resection were performed, with the
retention of 50% of the posterior articular facets. This allowed on-
table full extension, with minimal residual incongruence. There
was an uneventful postoperative course with physical therapy.

Four and half years after allograft reconstruction, clinic follow-
up revealed minimal symptoms, with only occasional aching at
the injury site. MEPS was 100 (pain: 45, range of motion: 20, sta-
bility: 20, and function: 25). His active arc of sagittal motion was
20�-130� (Fig. 4), pronation-supination was 70�-80� (Fig. 5), and
triceps strength was 4/5 Medical Research Council grade. Radio-
graphic evaluation revealed a well-incorporated graft with a
recontoured olecranon tip (Fig. 6). Because of his olecranon
remaining attached to his triceps from both a palpatory and func-
tional standpoint, the patient had returned to his job as a box
mover lifting boxes of 50-75 kg in weight without restriction, 10
months after the reconstruction.

Discussion

This case supports the existing literature demonstrating the
utility of allografts in treating bone loss due to tumor resection,
arthroplasty failure, and traumatic injury about the
elbow.3,8,9,10,11,12,13,14 This treatment option allows for avoidance of
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earlier alternatives to bone loss, such as custom arthroplasty or
amputation, while providing a means to improve range of motion,
minimize pain, and restore activities of daily living.8 Thirteen
allograft-prosthesis composites for failed total elbow arthroplasty
were described byMansat et al.14 Over an average of 42months, the
mean MEPS improved from 23 points preoperatively to 67 points
postoperatively. Preoperative arc of flexion was recorded as an
average of 87�, which increased to 97� postoperatively (average
extension of 28�, average flexion of 125�). Forearm rotation increase
was also noted (average protonation of 72�, average supination of
72�).14 Strut allograft reconstructions of the proximal ulna have also
been documented in revision total elbowarthroplasty.9 Twenty-one
patients were followed for an average of 4 years, with a meanMEPS
improvement of 45 points. The pain score was the most robustly
impacted variable, increasing from 9 to 32 postoperatively. Stability
and activities of daily living scores also improved. Regarding graft
incorporation, 14 patients had grade 4 incorporation (76%-100%
incorporation), 5 patients had grade 3 incorporation (51%-75%), 3
patients had grade 2 incorporation (26%-50%), and no patients had
grade 1 or grade 0 incorporation.9 A case report by Lee described
impaction grafting of cancellous allograft for failed total elbow
arthroplasty presenting with bone loss. Cancellous bone graft was
used to restore bone volume at the distal humerus and proximal
ulna.12 Mankin et al report favorable outcomes in cases of tumor
resection, using various allografting techniques in over 800 trans-
plant procedures, with success rates of >75%.13

Allograft use after traumatic bone loss is less reported. Jaffe et al
refer to traumatic major bone loss as “one of the most difficult
treatment problems confronting the orthopedic surgeon.”8 In an
analysis of 11 allografts for traumatic bone loss, it was suggested
that this surgical technique is useful in young patients facing
articular deficit.8 Our study supported this concept since our pa-
tient demonstrated enhanced range of motion and strength,
decreased pain, and returned to his manual occupation as a box
lifter with minimal sequelae.

In a review of 25 patients undergoing reverse
shouldereallograft prosthesis composite at the proximal hu-
merus, the allograft-host junction demonstrated incorporation in
96% of the cases.2 In another study of 23 patients receiving
elbow allografts (1 olecranon allograft, 6 distal humerus allo-
grafts, and 16 total elbow allografts including ligamentous as-
pects), only one nonunion was reported.3 A single nonunion was
also reported in another study of 19 elbow allograft patients, and
a case report found incorporation of humeral and ulnar allo-
grafts in a 69-year-old being treated for twice-failed total elbow
arthroplasty.10,11 This case demonstrates the ability of a “non-
massive” osteoarticular allografts, used for traumatic olecranon
osteoarticular loss, to heal the graft periphery to the host bone,
and achieve functional range of motion, strength, and joint
stability. Although these findings are not conclusive in the use of
nonmassive allografts about the olecranon, they are in accor-
dance with the limited studies published on outcomes of graft
incorporation at the proximal ulna.

Conclusion

Further research is necessary to conclude an optimal treatment
for traumatic loss of the olecranon process. Currently, insufficient
253
data exist regarding nonmassive allografts at hemiarticular loca-
tions, specifically among the adolescent and young adult
demographic.
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