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Giant-cell tumor of bone (GCTB) is an intermediate type of
primary bone tumor characterized by locally aggressive growth
with metastatic potential.7 These tumors typically affect young
adults and the female population. Unlike most primary bone tu-
mors that occur in the metaphysis, GCTBs occur in the meta-
epiphyseal region of long bones, adjacent to the joint. The most
common localizations are the knee joint, hip, wrist, and shoulder.
Despite metastases being rare, GCTB growth destroys the bone
close to the joint, making definitive treatment very demanding.1,12

GCTB is receptor activator of nuclear factor kappa B ligand
(RANKL) positive, so the use of denosumab, a RANKL inhibitor, has
been approved. Also, particularly in cases where surgical resection
is likely to be problematic, the neoadjuvant therapy denosumab has
shown objective benefits.14

The elbow is a rare location of musculoskeletal tumors.
Currently, limb-salvage surgery and the reconstruction of bone
defects have achieved overall good outcomes and acceptance.13

Limb-salvage options such as arthrodesis or osteocartilaginous
allograft has been reported to have limited functional outcomes
and high revision and failure rates.10 On the contrary, elbow
replacement has reported promising overall clinical outcomes and
high long-term survivorship rates.4 Also, the replacement replaces
the bone defect without the need for an allograft.2
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Case report

An otherwise healthy 46-year-old male presented to a local
emergency department with elbow pain after falling off a bike. In-
juries included left-sided elbow swelling and hematoma. X-ray im-
aging showed an olecranon AO type B, Schatzker A fracture (Fig. 1).

He was hospitalized and indicated for osteosynthesis of the
fracture, an open reduction and tension band wiringdcerclage of
the olecranon (Fig. 2). After 3 days and without any postoperative
complication, the patient was released.

He regularly attended the local trauma department and after
6 months was indicated for hardware removal. Intraoperatively,
there was unexpected bleeding and a bone cyst was identified
which was primarily in the proximal ulna. A tissue sample was
taken for histological examination during the hardware removal
procedure. The histopathology report described an aneurysmal
bone cyst. At his 2-week follow-up, the patient developed a pro-
gression of elbow swelling and pain. Computed tomography (CT)
scans revealed a 78 mm osteolytic lesion of the proximal ulna with
an extraosseous component (Fig. 3).

The patient was referred to our clinic, First Orthopedic Depart-
ment of St. Anne’s University Hospital in Brno. Considering the
extraosseous component and the osteolysis, the Musculoskeletal
Tumor Committee recommended a fresh biopsy. A new tissue
sample of bone and extraosseous mass was taken from the ulna,
respecting the principles of the open incisional biopsy. The new
histopathology report described a GCTB with a secondary aneur-
ysmatic bone cyst. According to the Campanacci grading system for
GCTB, this was a Grade III lesion, described as aggressive. A CT scan
of the chest was completed as part of the oncological screening; no
lung metastases were found.
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:michal.mahdal@fnusa.cz
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseint.2023.01.007&domain=pdf
www.sciencedirect.com/science/journal/26666383
http://www.jsesinternational.org
https://doi.org/10.1016/j.jseint.2023.01.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jseint.2023.01.007
https://doi.org/10.1016/j.jseint.2023.01.007


Figure 1 X-ray image of the elbow in the lateral projection after the accident.

Figure 2 X-ray of the elbow in the lateral projection after the tension band wiring.

Figure 3 Computed tomography scan of the elbow before the neoadjuvant thera
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The use of neoadjuvant denosumab for 3 months was recom-
mended. In terms of dosing, a 120 mg Xgeva subcutaneous injec-
tion every 4 weeks and 2 loading doses in the first month of the
therapywere used. After the end of the neoadjuvant therapy, the CT
scan and X-rays showed a calcified rim surrounding the soft tissue
component (Fig. 4).

Resection of the proximal ulna and tumorous total elbow
replacement surgical procedure was scheduled. From the dorsal
approach to elbow, we removed the proximal 11 cm of ulna,
sparing the neurovascular structures. We preserved the sur-
rounding muscles and unattached the tendon of the triceps
brachii muscle from the olecranon. Anterior transposition of the
ulnar nerve was performed. A biopsy sample was taken from the
diaphysis of the remaining ulna to exclude margin infiltration.
Next, we resected the radial head. After the preparation and
rasping of the proximal ulna and humeral cavity (Fig. 5), we
implanted the MUTARS (ImplantCast, Dallas, TX, USA) total elbow
uncemented modular components. Before the final reduction and
the locking of the hinge system, a Trevira attachment tube was
used (Fig. 6). Finally, reduction and attachment of the triceps
brachii tendon on the Trevira tube and reconstruction of the soft
tissues were performed. The final histology report described a
100% loss of osteoclasts in the removed bone and the resection
was adequate.

The patient was discharged 6 days after surgery without any
perioperative complications. A hinged elbow bracewas used for the
first 4 postoperative weeks and the patient was then hospitalized
for intensive specialized rehabilitation. In the post-surgical reha-
bilitation management, the patient was allowed to do passive
movement of the elbow for the first 4 weeks, which was then
increased to allow active movement gradually for the next
3 months. The scheduled follow-ups were quarterly for the first
2 years, including radiographic examination.

At 1 year after the surgery, hewas free of pain or swelling, achieving
full elbow extension and 110� of elbow flexion, while the Musculo-
skeletal Tumor Society score was 25. The X-ray images showed an
adequate implant position and no signs of aseptic loosening.

At the last follow-up appointment, 3 years after surgery, the
Musculoskeletal Tumor Society functional score was 27, achieving
full elbow extension and 120� of elbow flexion, supination of 75�,
and pronation of 75� (Fig. 7). Furthermore, there were no signs of
aseptic loosening or local recurrence of the tumor in the radio-
graphic results (Fig. 8). The patient achieved almost full extremity
activity and was instructed to avoid heavy lifting or sporting
activities with the arm.
py, osteolytic lesion of the proximal ulna with an extraosseous component.



Figure 4 Radiographic examination after the denosumab neoadjuvant therapy: Left, computed tomography scan in the transversal plane; Right, X-ray image of elbow in the lateral
projection.

Figure 5 Photo documentation during the procedure: Left, distal ulna tumor resection;
Right, bone defect and preparation of the cavities.

Figure 6 Implantation of the TU-TEP and Trevira attachment tube application: (1)
Trevira attachment tube, (2) triceps brachii, and (3) ulnar nerve.
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Discussion

Our case describes a misdiagnosed elbow bone tumor. Bone
tumors of the elbowhave a low incidence (1%) when considering all
primary bone tumors. Due to the rarity, elbow tumors are easily
missed.16 On the X-ray after the accident there was a visible lucency
around the fracture which was overlooked. As a result, the patient
underwent an intralesional tension band wiring. This led to tumor
progression, complicated the following resection and increased the
risk of tumor recurrence. GCBT shows high local recurrence rates;
due to the aggressive character of the tumor and the extraosseous
component in our case, wide resection was indicated.

In the current case, GCTB was radiographically classified as
Campanacci Grade III, described as aggressive. A grade 3 lesion
signifies indistinct borders, cortical destruction, and extraosseous
promotion.1 The use of denosumab is indicated in cases when
radical resection cannot be performed, as in our case, as well as
when local recurrence occurs and for the control of metastatic dis-
ease.3 Numerous studies demonstrate the beneficial effect of
denosumab in the case of advanced GCTB. Denosumab is a fully
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human monoclonal antibody that binds the cytokine RANKL, a
mediator of the function, formation, and survival of osteoclasts. A
reduction in tumor size, a calcified rim around the tumor and tumor
soft tissue components were observed after 3 months of therapy to
facilitate en bloc resection.6 According to the literature, the risk of
GCTB recurrence is still relatively high after the use of denosumab.18

Histologically, denosumab causes a reduction of osteoclast-like
giant cell formation which decreases bone destruction. Denosu-
mab targets multinucleated osteoclastic cells rather than neoplastic
stromal cells, which persist and continue to proliferate. Neoplastic



Figure 7 Elbow extension and flexion, 3 years after the surgery.
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stromal cell persistence could be associated with the appearance of
GCTB local recurrence. In advance, sunitinib, a platelet-derived
growth factor receptor A inhibitor, could become an effective
addition to denosumab, resulting in the disappearance of both
multinuclear giant cells and neoplastic stromal cells.11

After proximal ulna resection, we needed to restore the bone
defect and spare joint motion. Elbow osteocartilaginous allograft
reconstructions have a high failure rate in the mid-term and
degenerative changes such as arthrosis or bone resorption and
infection also routinely occur.10 Another option could be an
allograft-prosthetic composite reconstruction associated with dif-
ficulties in terms of optimal positioning, contact, fixation, and
compression across the host-graft junction.15 We prefer those
biological reconstructions in patients younger than 20 years. Total
elbow replacement for tumors in the last decade showed a good
outcome score and a tolerable survival rate. This presents an
effective method, with an acceptable level of complications and
restores the defect without the need for bone-to-bone healing.2,16

Considering the patient's age, we preferred total elbow arthro-
plasty with modular ImplantCast MUTARS.
Figure 8 X-ray images at
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Soft tissue reconstruction is key for appropriate functional
results. Especially when an extensive bone resection is per-
formed, the reconstruction of the attached tendons is crucial. The
use of attachment tubes in previous studies showed disputable
outcomes. Studies on megaprostheses claim the use of attach-
ment tubes with optimal results.5,9 On the contrary, a higher
infection rate has been described for implants with Trevira
reconstruction.17 We tend to use the Trevira tube for anatomical
reinsertion of the remaining soft tissue after resection, recording
adequate results.

Another significant factor for acceptable results in oncologic
orthopedics is diagnosis and treatment in specialty musculoskel-
etal centers.8 Due to the lack of awareness of health care providers,
interventions in tumor surgery are commonly provided by many
general orthopedic surgeons. Inappropriately treated bone tumors,
as in the case reported here, acquire worse resectability and sub-
sequently have higher recurrence and mortality rates. Even biopsy
led to complications, nondiagnostic results and worse outcomes
when it was performed in a referring institution instead of a spe-
cialty center.
the 3-year follow-up.
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Conclusion

Elbow is a rare location of bone tumors. Our case demonstrates a
misdiagnosis that led to tumor progression. The use of denosumab
had a beneficial effect on tumor grading, which allowed a safe
complete resection. Total elbow replacement restored the bone
defect and offered an excellent functional outcome in combination
with attachment tube soft tissue reconstruction.
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