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Background: The distal humerus is a rare location of bone tumors. Because of the complexity of the elbow
joint, poor soft-tissue coverage, and proximity of nerves and vessels, resection and endoprosthetic recon-
struction are demanding.

Methods: This retrospective study evaluated the clinical results after distal humeral resection and
megaprosthetic reconstruction in 12 patients with an average age of 46 years. All patient files were re-
viewed for clinical information, and postoperative function and patients’ contentment were assessed using
the Musculoskeletal Tumor Society score.

Results: The predominant diagnoses were bone and soft-tissue sarcoma (n = 6), giant cell tumor (n = 2),
and renal cell carcinoma metastasis (n = 2). Local recurrence was the reason for secondary amputation in
all cases (n =3). The prosthetic survival rate after surgery was 82% at 2 years and 64% at 5 years. Re-
construction failure was mainly caused by aseptic loosening of the humeral stem, occurring in 27% (n = 3),
followed by aseptic loosening of the ulnar stem in 9% (n = 1) and periprosthetic infection in 9% (n = 1).
The mean Musculoskeletal Tumor Society score was 24 points (range, 20-30 points). An extension lag of
more than 10° was noted in 6 patients (55%).

Conclusion: Our results suggest that limb salvage with a distal humeral replacement can achieve good
functional results in most patients, although the complication rate with special emphasis on the loosening
rate of the humeral stem is high. However, limb salvage was not achieved in 27% of patients because of
local recurrence.

Level of evidence: Level IV; Case Series; Treatment Study
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Bone and soft-tissue tumors around the elbow are rare.**
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are difficult to treat.'* In addition, resection at this location
can lead to temporary or even permanent palsy, which is
favored by the proximity of the tumor and nerves. Wide tumor
resection impairs already poor soft-tissue conditions. Several
different approaches for reconstruction including allografts,
allograft prosthetic composites (APCs), and a variety of pros-
theses have been reported.” In this study, we focus on
reconstruction with a modular tumor endoprosthesis, which
is an accepted treatment for this condition.®”'* Soft-tissue cov-
erage and a sufficient bone stock are crucial to endoprosthetic
reconstruction. Maintenance of elbow function significantly
contributes to the patient’s quality of life. Only a few studies
describing the results of tumor prostheses around the elbow
are available.'*?'

The aim of this study was to report on the results of pa-
tients treated by this method with a special emphasis on the
complication rate and the oncologic and functional results.

Materials and methods

We identified 12 patients (6 female and 6 male patients) treated
with a distal humeral modular prosthetic reconstruction between 1998
and 2014 at our institution (Table I). All patients with total humeral
reconstructions, 1 patient with a total elbow reconstruction, and 1
patient treated for aplasia of the elbow were excluded from the study.
The average age at the time of implantation was 45 years (range,
22-73 years). The mean follow-up time was 91 months (range, 13-
229 months; median, 68 months). As patient 12 (Table I) was lost
to follow-up within the first month after surgery, this patient was
excluded from further analysis.

All patients were traced by the institutional tumor database. Patient
files were reviewed for clinical information. Biplanar radiographs
obtained at every follow-up visit were evaluated for prosthetic failure
and tumor recurrence. Follow-up for all patients was performed at
our institution.

The diagnoses were as follows: osteosarcoma (n = 1), Ewing
sarcoma (n = 2), pleomorphic sarcoma of bone (n = 1), grade III soft-
tissue sarcoma (n = 2), multiple myeloma (n = 1), renal cell carcinoma
metastasis (n = 2), giant cell tumor of bone (n = 2), and aneurysmal
bone cyst (n = 1) (Table I). At first presentation, the Enneking stage

Figure 1  Plain radiographs of right arm: lateral (A) and antero-
posterior (B) views. These radiographs show a distal humeral
replacement with cementless fixation after resection of a Ewing
sarcoma (patient 8, Table I).

of all sarcoma patients was IIb (n = 6).'* All patients with bone sar-
comas received neoadjuvant and adjuvant chemotherapy according
to international treatment protocols. In 1 of the Ewing sarcoma pa-
tients, adjuvant radiotherapy was performed aiming to reduce the
risk of local recurrence after previous intralesional surgery. The patient
with multiple myeloma presented with tumor recurrence after local
radiotherapy. Both patients with renal cell carcinoma metastases re-
ceived chemotherapy and radiotherapy postoperatively.

In 7 patients, tumor recurrence or inadequate previous surgery
was the reason for distal humeral resection. Patient 8 was previ-
ously treated with curettage for Ewing sarcoma in another hospital
(Figs. 1-4). In patient 5, a local recurrence developed after wide re-
section of a grade III soft-tissue sarcoma. The 2 patients with giant
cell tumors of bone had local recurrence after intralesional curet-
tage and bone cement filling (patients 4 and 7). The patient with
an aneurysmal bone cyst underwent 3 intralesional curettages and,
finally, a compound osteosynthesis because of extensive bone loss

Table I  Patient demographic characteristics, previous surgical procedures, and follow-up
Patient No. Diagnosis Age, yr Follow-up, mo Previous surgical procedures
1 Osteosarcoma 32 229 None
2 RCC metastasis 65 68 Intralesional resection and osteosynthesis
3 Osseous UPS 46 185 None
4 GCT 28 158 Intralesional curettage (2 times)
5 STS 71 17 Wide resection
6 Multiple myeloma 73 24 Intralesional resection and osteosynthesis
7 GCT 37 88 Intralesional resection and cementation
8 Ewing sarcoma 22 17 Intralesional curettage
9 RCC metastasis 72 13 None
10 Ewing sarcoma 21 170 None
11 ABC 26 31 Multiple intralesional resections and osteosynthesis
12 STS 60 LTF None

RCC, renal cell carcinoma; UPS, undifferentiated pleomorphic sarcoma; GCT, giant cell tumor of bone; STS, soft-tissue sarcoma; ABC, aneurysmal bone

cyst; LTF, lost to follow-up.
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Figure 2  Plain radiograph of right arm: lateral view. Ten months
after implantation, loosening of the humeral stem with consecu-
tive shortening can be detected.

Figure 3  Plain radiograph, lateral view, showing right arm after
surgical revision for loosening. The proximal bone stock had to be
shortened, and a thicker hexagonal shaft was implanted. This revi-
sion shaft was designed with fins, aiming for better primary stability.

(patient 11). Two patients were initially treated by a palliative treat-
ment regimen with intralesional curettage and compound
osteosynthesis outside our center and presented with local recur-
rence and failure of the initial implant (patients 2 and 6, Table I).

Patient 9 presented with a pathologic fracture due to renal cell
carcinoma metastasis. Because of massive bone destruction with joint
involvement, marginal resection and reconstruction with a modular
implant were performed.

The functional results were assessed according to the Muscu-
loskeletal Tumor Society score (MSTS)."? The upper-extremity version
of this score contains the following 6 categories: pain, function, emo-
tional acceptance, hand positioning, dexterity, and lifting ability. The
maximum score adds up to 30 points (100%), which represents normal
function. In case of secondary amputation, the last result available
was used for analysis. The elbow range of motion was documented.

Eleven resections were performed by an S-shaped anterior ap-
proach and one by a posterior approach. An extra-articular resection

Figure 4 Computed tomography scan of right shoulder: axial slide
(patient 8) shows an intraosseous soft-tissue mass proximal to the
tip of the humeral stem (arrow). Computed tomography—guided
needle biopsy revealed local recurrence of Ewing sarcoma 17 months
after resection, leading to secondary amputation of the arm (P,
posterior).

was performed in 3 cases. In all sarcoma patients, we aimed to achieve
a wide resection with clear margins; in patients with metastases and
benign tumors, a marginal resection was intended.

Defect reconstruction was performed with the Modular Univer-
sal Tumor and Revision System (MUTARS; Implantcast, Buxtehude,
Germany), which is a modular fixed-hinge prosthesis with tita-
nium components. Minimal humeral resection length for this
reconstruction is 6 cm. The reconstruction length can be adjusted
in steps of 2 cm. Adjustment of torsion is possible in steps of 10°.
The hexagonal humeral stem was cemented in 4 cases; the ulnar
stem, in 2 cases. In 4 patients, a silver-coated implant was used.

Postoperatively, all patients received an intravenous cephalo-
sporin (cefuroxime) for 5 days. The elbow was immobilized in a
sling for 2 weeks, but passive mobilization of the elbow with un-
restricted extension was allowed immediately after surgery. At 2 weeks
postoperatively, active mobilization was started.

The endpoints of the study were patient’s death, secondary am-
putation owing to local recurrence, or prosthetic failure. Any event
that led to an ablative surgical procedure (eg, local recurrence or
prosthetic failure) was taken into account in the limb survival anal-
ysis. In contrast, the endpoints for prosthetic failure were aseptic
loosening, stem fracture, and infection. Periprosthetic infection was
diagnosed in accordance with the Centers for Disease Control and
Prevention criteria. Written informed consent was obtained from every
patient included in this study.

Results
Oncologic outcome

In all 6 sarcoma patients, a wide resection was achieved. In
all other patients, a marginal resection of the tumor was
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Table I  Complications and oncologic and functional outcomes
Patient Complications Timing of Secondary Oncologic MSTS score, ROM of elbow
No. complication, amputation outcome points joint: flexion/
mo extension, °
1 1. Aseptic loosening of humeral stem 122* No NED 25 150/0
2. Periprosthetic infection 143*
2 1. Aseptic loosening of humeral stem 33* Yes DOD 20 115/35
2. Local recurrence 66
3 Aseptic loosening of ulnar stem 11* and 185* No NED 21 130/0
4 None No NED 25 130/30
5 Local recurrence 17 Yes DOD 30 130/0
6 None No DOD 25 120/0
7 None No NED 21 120/10
8 1. Aseptic loosening of humeral stem 10* Yes NED 29 120/15
2. Local recurrence 17
9 None No AWD 24 140/40
10 Wound healing disturbance 1* No NED 25 130/40
11 None No NED 24 100/30
12 LTF Unknown Unknown Unknown Unknown

MSTS, Musculoskeletal Tumor Society score; ROM, range of motion; NED, no evidence of disease; DOD, died of disease; AWD, alive with disease; LTF, lost

to follow-up.
* Surgical revision.

confirmed. As mentioned before, sufficient data for further
analysis were available for 11 patients.

Of 8 patients with malignant lesions, 3 (38%) died of
disease and 1 was alive with disease (Table II). The mean
follow-up period was 136 months for the sarcoma patients
(n =5) compared with 35 months for the patients with wide-
spread disease. Regarding these subgroups, 1 of 5 sarcoma
patients died of disease (83 months after surgery) compared
with 2 of 3 patients with widespread disease (mean of 58
months after surgery).

Regarding local tumor control, local recurrence devel-
oped in 3 of 8 patients (38%) with malignant lesions. Local
recurrence occurred in 2 of 5 sarcoma patients 17 months after
wide resection (patients 5 and 8, Table II). In addition, local
recurrence developed in 1 patient with renal cell carcinoma
metastasis 66 months after marginal resection (patient 2; 1
of 3 patients with widespread disease). However, in all 3 of
these patients, the indication for distal humeral resection was
local recurrence after intralesional (n = 2) or wide (n = 1) initial
tumor resection in another hospital. All 3 patients with local

recurrence had to undergo amputation to achieve tumor control
(Table II, Figs. 1-4). Of these 3 patients, 2 died of the ma-
lignancy and 1 was alive without disease. Despite previous
intralesional resections, no patient with a benign tumor had
a local recurrence after marginal tumor resection.

Functional results

The mean MSTS score (n=11) was 24 points (range, 20-
30 points; Table II), representing 80% of normal function.
The mean arc of flexion was 108° (range, 70°-150°). An ex-
tension lag of more than 10° was noted in 6 patients (55%);
2 of them were still improving under intensive physiothera-

py (Fig. 5).
Complications

Complications occurred in 6 of 11 patients (55%). In 5 pa-
tients (45%) with complications, revision was required, with

Figure 5

(A, B) Photographs of elbow joint showing range of motion more than 7 years after implantation of distal humeral prosthesis.

Good flexion of 130° can be observed; the extension lag is around 30°. The Musculoskeletal Tumor Society score is 25 points.
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multiple revisions being necessary in 2 cases (18%) (Table II).
Major complications (prosthetic failure) occurred in 4 pa-
tients. The most common reason for failure in this group was
aseptic loosening of the humeral stem, occurring in 3 pa-
tients. The median period between surgery and aseptic
loosening was 33 months (range, 10-122 months). Patient 1
had aseptic loosening of the humeral stem at 122 months,
which was treated by a cemented replantation, and septic stem
loosening at 143 months with Staphylococcus capitis, which
was treated successfully with a 1-stage reimplantation of the
prosthesis. Aseptic loosening occurred in 2 of 6 patients (33%)
treated with cementless humeral components and 1 of 4 pa-
tients (25%) treated with cemented humeral components. Other
complications were aseptic loosening of the ulnar stem in 1
patient and periprosthetic infection in another.

Minor complications occurred in 5 patients. Three pa-
tients showed a temporary paresis of the radial nerve. In
1 patient, a neurolysis was performed but the paresis
persisted. A wound healing disturbance developed in 1 patient
and had to be treated with a free radialis flap. Taken togeth-
er, the findings showed a prosthetic survival rate after surgery
of 82% at 2 years and 64% at 5 years.

Discussion

Megaprosthetic reconstruction of the distal humerus is a rare
procedure. In contrast to reconstruction at other anatomic sites,
only a small number of cases have been reported in the lit-
erature (approximately 100).'**'?? Therefore, our study with
12 patients treated between 1998 and 2014 contributes a rel-
evant number of cases to the database of implanted and
reported prostheses worldwide.

As reported in other studies, the indications for perform-
ing a distal humeral replacement showed a wide spectrum,
ranging from bone and soft-tissue sarcoma, bone metasta-
sis, and multiple myeloma to benign bone tumors.'*'”*' In
addition to these diagnoses, Funovics et al'* included 15 pa-
tients treated for post-traumatic bone defects or failed primary
arthroplasty, as well as patients who required total humeral
reconstruction. To avoid an even more heterogeneous cohort,
we excluded patients who received distal humeral resec-
tions for non-oncologic indications. In addition, patients with
total humeral reconstruction were excluded, as we know that
the shoulder function is massively impaired in these pa-
tients, which would affect functional scoring. Furthermore,
the range of postoperative complications differs substantially.

Our study included 2 patients who were treated for re-
current giant cell tumor of bone. Today, the use of tumor
prostheses in these cases is not the first-choice treatment
anymore as patients have been successfully treated with
denosumab.'® However, long-term results with respect to the
use of denosumab in this condition are still lacking.

This cohort contained 3 patients with widespread disease.
In these patients, the indication for resection and reconstruc-
tion with a modular implant has to be strict to avoid

overtreatment. In most cases, stabilization of the affected bone
in combination with adjuvant therapy is sufficient. In 2 of our
patients, tumor recurrence and implant failure after intralesional
stabilization were the indications for resection. To achieve local
control and enable a durable reconstruction, we decided to
perform a marginal resection and to implant a megaprosthesis.
One patient died of disease more than 2 years after surgery;
the other patient had to undergo amputation more than 5 years
after implantation. In a third patient, a huge renal cell car-
cinoma metastasis destroyed the elbow joint. As these
metastases are frequently resistant to radiotherapy, we per-
formed a marginal resection and implanted a modular
prosthesis. Thirteen months after surgery, the patient was still
alive with disease. Even though implantation of modular im-
plants is a costly treatment in a palliative setting, it might be
necessary to ensure a durable reconstruction.®"”

In terms of local tumor control, it can be noted that re-
section of the distal humerus in addition to reconstruction with
a megaprosthesis appears to be a safe treatment procedure.
The main goal in orthopedic tumor surgery is adequate re-
section. The reconstruction one aspires to achieve should not
jeopardize resection margins. The type of reconstruction itself
does not influence the rate of recurrence or overall survival.’
This has recently been shown for other anatomic sites.'

In our cohort, none of the patients with benign lesions had
tumor recurrence despite previous multiple intralesional re-
sections. In contrast, 3 patients with malignant primary or
secondary tumors around the elbow were diagnosed with tumor
recurrence during follow-up, resulting in a higher rate of
relapse and consecutive secondary amputation than previ-
ously reported.'”*' This finding could be explained by the
intralesional resection with which all of our patients had been
treated initially and which carries a high risk of local tumor
cell contamination.

These findings might imply that surgeons have only one
chance to achieve local tumor control while aiming to pre-
serve the limb in malignant bone tumors around the elbow,
but with respect to the small number of patients, no general
recommendation should be drawn. These results might raise
the question of whether limb salvage has a worse oncologic
outcome than primary amputation. In a study about osteo-
sarcoma treatment, it was shown that limb salvage had a higher
risk of local recurrence, which had no influence on disease-
specific survival; other groups reported that there was no
difference in oncologic outcome.>’

The functional results of patients with distal humeral re-
placement can be considered good to excellent. Our patients
achieved a mean MSTS score of 24 points (80%). This is com-
parable to results published by other groups.®'*!” All patients
had active elbow flexion that enabled them to bring the hand
to the mouth. A flexion deformity of 10° or more was ob-
served in 6 patients without subjectively compromising
function. A comparison of these functional results with the
results of other reconstruction methods shows almost no dif-
ference. Aponte-Tinao et al’ reported their results of allograft
reconstruction of the upper extremity. Their study contained
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7 APC reconstructions of the elbow, which also achieved an
average MSTS score of 24 points. Similar results have been
shown by Casadei et al” and Schwab et al.”” Kharrazi et al*
reported the functional results after reconstruction with
osteoarticular allografts of the elbow. In most tumor pa-
tients with a hemiarticular allograft reconstruction, satisfactory
function was achieved.

Periprosthetic infection is the most common reason for sec-
ondary amputation after prosthetic reconstruction of the upper
and lower extremity.'® In our study, however, local recur-
rence of malignant bone tumors was the only indication for
secondary amputation, and periprosthetic infection oc-
curred in only 1 patient (9%) but did not lead to a loss of
the extremity. This is a noticeably low rate of periprosthetic
infection, especially if multiple revisions that were neces-
sary in some patients are taken into account. Funovics et al'*
reported an infection rate of 15%, which led to an amputa-
tion in 1 patient. As they detected a higher infection rate for
total humeral reconstructions, they concluded that the size of
the implant influences the occurrence of infections.

Aseptic loosening of the humeral stem was the most
common complication in our cohort (27% of patients), with
a slightly higher loosening rate for uncemented stems (33%).
Kulkarni et al*' reported a loosening rate for cemented humeral
stems similar to our rate of 33%. The lowest loosening rate
was reported by Funovics et al'* (8%). Focusing on the distal
humerus only, loosening occurred in 4 of 41 patients (10%).
Cementation was performed in 76% of patients. As our cases
of loosening occurred after a mean period of more than 50
months, a mean follow-up period of 28 months might be too
short to sufficiently detect long-term complications. In a very
recent report, Goulding et al'® described their experiences with
the use of a compressive osseointegration endoprosthesis in
the upper extremity. In this multi-institutional study, they iden-
tified 7 patients who received a distal humeral endoprosthesis.
Of these 7 patients, 6 encountered complications that re-
quired revisions; in 2 cases (29%), a structural failure of the
compressive anchor occurred.

However, we hypothesized that the stem design certainly
influenced the loosening rate. Therefore, we are now using
longer stems (9 cm) with additional fins for a better press-
fit implantation and the possibility to use locking screws. In
doing so, we hope to reduce the torque, as well as rota-
tional and tensile forces (Fig. 3). As in most other studies,
loosening of the ulnar fixation was not a common problem.
We observed 1 case of loosening after extra-articular resec-
tion, which was easily revised by cementless replantation of
a custom-made stem.

It is interesting to note that, despite the poor muscle cov-
erage in this region, we observed only 1 wound healing
disturbance, which made a brachioradialis flap necessary. This
finding is in line with most other published studies.'*!”

The revision rate of 46% in our patient cohort appears to
be high. However, even in primary elbow arthroplasty for post-
traumatic arthritis, rheumatoid arthritis, or primary osteoarthritis,
revision rates between 5% in elderly patients with distal humeral

fractures and 54% in patients with an ankylosed elbow joint
owing to rheumatoid arthritis or trauma have been reported.'*
Considering the available studies on modular prostheses around
the elbow that have described revision rates between 34% and
50%, we conclude that complications requiring surgical re-
vision are a common problem.'*"”

There are reports of endoprosthetic reconstructions of the
elbow with lower complication rates. Athwal et al* reported
a revision rate of 20% with the use of Coonrad-Morrey total
elbow arthroplasty after resection of the distal humerus. The
Coonrad-Morrey prosthesis was designed for primary and re-
vision interventions and has shown good results for these
indications.">*>?* In the described cohort, 18 of 20 tumor re-
sections were intralesional, saving bone stock for prosthetic
anchorage. The main advantage of megaprostheses is the fa-
cility of restoring huge metaphyseal and diaphyseal defects,
which is often required after wide resection of sarcomas. We
think that the Coonrad-Morrey prosthesis is not suitable for
reconstructing these extensive bone defects without combin-
ing it with an allograft (APC), as shown in other studies.”*’
In addition, it is known that the likelihood of complications
is higher for megaprostheses compared with conventional
prostheses.® A more recent study from Capanna et al® re-
ported low complication and revision rates. In a cohort of 36
patients, surgical revision was required in only 2 cases (1 struc-
tural failure and 1 deep infection). As known from other
studies, the highest risk of implant failure is time from
implantation.' Because only 9 of the 36 patients reached a
follow-up period of more than 24 months, conclusions on
implant failure rates are difficult to draw.

Our study had several limitations. Indications for distal
humeral resection are rare, which results in a small number
of patients in our cohort, thereby restricting the power of the
study because statistical analysis is not meaningful. In ad-
dition, follow-up periods are limited by the need for secondary
amputation and/or death of patients. A minimum follow-up
period of 24 months was achieved in 8 patients (73%). Finally,
the retrospective character of this study limits the strength
of our conclusions.

Conclusion

Modular prosthetic replacement of the distal humerus is
a suitable treatment option for reconstruction after tumor
resection. This treatment is associated with good func-
tional results, but complications and high revision rates
are very common. Wide resections of malignant tumors
are crucial to avoid local recurrence and enable lasting limb
salvage. Prosthetic survival was negatively influenced by
the high rate of aseptic loosening of the humeral stem.
Therefore, continuous efforts are needed to improve the
design of the stems. In the future, implantation of longer
and more structured stems should help reduce this
complication.
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