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Abstract
Introduction Functional reconstruction of the shoulder
joint following excision of a malignant proximal humeral
tumour is a diYcult proposition.
Method Eleven patients with primary osteosarcoma or
Ewing’s sarcoma underwent reconstruction with a compos-
ite of extra-corporeally irradiated autograft with the addi-
tion of a long stemmed hemiarthroplasty. At a mean
follow-up of 5.8 years two patients had died from dissemi-
nated disease and one patient had undergone amputation for
local recurrence. The eight patients with a surviving limb
were examined clinically and radiographically.
Result The mean Toronto Extremity Salvage Score was
74 and Musculo-Skeletal Tumour Society score 66. Rota-
tion was well preserved but abduction (mean 32°) and Xex-
ion (40°) were poor. There was a high rate of secondary
surgery, with Wve out of eleven patients requiring re-opera-
tion for complications of reconstruction surgery. Radio-
graphic estimate of graft remaining at follow up was 71%.
There were no infections, revisions or radiographic failures.
Conclusion Whilst the reconstructions were durable in
the medium term, the functional outcome was no better
than with other reported reconstructive methods. The com-
posite technique was especially useful in subtotal humeral
resections, allowing preservation of the elbow joint even
with very distal osteotomy. Bone stock is restored, which
may be useful for future revision surgery in this young
group of patients.

Keywords Bone sarcoma · Humerus · 
Extracorporeal irradiation · Endoprosthesis

Introduction

Reconstruction following excision of malignant primary
tumours of the proximal humerus has been attempted with
arthrodesis [1], local tissue transfer, for example clavicula
pro humero [2, 3], massive allograft [4–7], endoprosthesis
alone [8–10] and endoprosthesis/graft composites [11, 12].
Restoration of function to the shoulder joint following exci-
sion of the proximal humerus is still an unsolved problem.
In most cases the shoulder reconstruction acts as a spacer to
provide a fulcrum for the distal limb. The elbow usually
obtains a functional range of motion with reduced strength
and the hand functions near normally [1]. In addition to a
poor range of motion, each method of shoulder reconstruc-
tion has its own spectrum of common complications that
may further compromise function of the limb.

Extracorporeal irradiation (ECI) and reimplantation of
bone was Wrst described by Spira and Lubin in 1968 [13]
and has been used in our unit since 1996 [14]. The irradi-
ated autograft provides an anatomically perfect Wt with
preservation of muscle attachments and 100% kill of
tumour cells within the excised specimen [15]. There is the
possibility of a life long biologic reconstruction, or at least
a restoration of bone stock for future reconstructions.

The aim of this study was to review the oncological,
functional and radiographic outcomes of intra-articular
excision and reimplantation of the proximal humerus
following extra-corporeal irradiation of the diseased bone
along with a long stem endoprosthesis (EPR) and to com-
pare our outcomes with those of other published tech-
niques.
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Patients and methods

Eleven consecutive patients were identiWed who had under-
gone en bloc excision of a high grade malignant primary
bone tumour of the proximal humerus followed by extra-
corporeal irradiation and reimplantation, between 1996 and
2005. The mean age for the six females and Wve males was
21.5 years (range 6–52). The minimum follow up was
24 months and the mean 5 years 8 months (range 24–
113 months). The underlying diagnosis was osteosarcoma
in eight patients and Ewing’s sarcoma in three patients.
Two patients presented with a pathological fracture and the
other nine presented with pain and/or swelling around the
proximal humerus of mean 6 months (range 1–24 months)
duration. At presentation one patient had lung metastases.
A further patient was noted to have abnormalities on their
staging CT chest scan (nodules of less than 4 mm) which
disappeared following induction (pre-operative) chemo-
therapy. All patients received induction chemotherapy and
ten patients received post-operative chemotherapy. The
exact regime diVered for each patient. One patient also
received post-operative radiotherapy (50 Gy) to the shoul-
der.

Following induction chemotherapy, surgery was per-
formed through an extended deltopectoral approach to the
proximal humerus. A wide intraarticular excision was pre-
formed, including the biopsy tract, excising a variable
amount of the deltoid muscle. The proximal humerus was
divided 5 cm distal to the most distal extent of the tumour,
excising a mean 17 cm (range 13–22 cm). In two patients
the excision was at the level of the distal humeral metaphy-
sis (Figs. 1, 2, 3). Using the Musculoskeletal Tumour Soci-
ety classiWcation, all resections were classiWed S345 [16]
and by the classiWcation system of Malawer et al. [17] all
resections were classiWed IB.

The major muscle insertions were tagged with marker
sutres and detached from the proximal humerus, leaving a
cuV of tendon on the resection specimen to reattach the
muscles to. Specimens of tissue from the excision margins
were sent to histopathology. The proximal humeral speci-
men was tightly wrapped in a damp sterile cotton sheet and
then triple wrapped in sterile polythene bags before being
transported to the radiotherapy centre. The method of irra-
diation (50 Gy) has been previously described [15]. When
the specimen is returned the irradiated tumour is burred
away and the specimen is cleared of muscle, leaving the
tendonous muscle insertions. The humeral head was
replaced with a long stem modular shoulder hemiarthro-
plasty (Bigliani/Flatow, Zimmer, Warsaw, USA). The
proximal humeral autograft is prepared to accept an appro-
priate width of stem, in most cases the stem tip is left proud
distally to engage in the remaining distal humerus (Figs. 4,
5). The stem is Wrst cemented into the irradiated autograft

Fig. 1 Presentation AP radiograph left humerus showing pathological
fracture of the proximal humerus (Patient 6)

Fig. 2 Pre-operative T1 weighted coronal MRI scan of left humerus,
demonstrating extensive involvement of the humerus, to the level of
the distal humeral metaphysis (Patient 6)
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and then separately press-Wtted into the distal humerus. The
host-graft junction is internally Wxed with a short small
fragment plate (Fig. 3, 5). Once the graft-prosthesis com-
posite is secured the muscles are sequentially reattached,
starting posteriorly and proximally and working distally. In
three patients, who required excision of the majority of
their deltoid muscle, soft tissue cover was obtained with a
vascularised, innervated latissimus dorsi Xap.

All patients received intravenous prophylactic antibiot-
ics peri-operatively and then oral antibiotics post-opera-
tively for 6 weeks. The shoulder was immobilized in a sling
for 4 weeks and at that stage active pendulum exercises
were commenced. No lifting, overarm activities or contact
sports were allowed until the distal host-graft junction had
united.

The eight patients with a surviving limb were reviewed
clinically and radiographically. The musculoskeletal
tumour society score (MSTS) and Toronto extremity sal-
vage score (TESS) were completed [18–20]. Clinical exam-
ination was carried out to assess the neurological status of
the distal limb and range of motion of the shoulder, elbow
and wrist (compared with the contralateral upper limb).
Grip strength was assessed using a Jamar dynamometer and
again compared to the contralateral side. A current AP and
lateral radiograph of the humerus and shoulder joint were
used for radiographic assessment. Graft resorption was

measured using immediate pre-operative and current AP
and lateral radiographs of the reconstruction. The radio-
graphs were digitised and analysed using ImageJ software
(ImageJ 1.38x, National Institute of Health, USA). The area
occupied by the bone graft was measured and expressed as
a percentage of the total area of the composite. The reduc-
tion in the relative area occupied by the bone graft on the
immediate post-operative and current radiographs was cal-
culated and this was taken to reXect the amount of resorp-
tion that had taken place. The measurements for bone
resorption were repeated on two occasions 4 weeks apart
and the mean result taken.

Results

The mean TESS was 74 (range 41–92) and MSTS 66
(range 46–86). Active abduction of the shoulder was a
mean 32° (range 20–50°) and active Xexion was 40° (range
20–70°). Passive abduction measured a mean 106° (range
30–170°) and passive Xexion 96° (range 30–170°). Internal
rotation was equal to the unaVected side and external rota-
tion a mean 16° (range 5–45°). There was a Wxed Xexion

Fig. 3 Post-operative AP radiograph, showing reconstruction of the
humerus. In this case the stem of the hemiarthroplasty was short of the
distal osteotomy because the resection was at the level of the olecranon
fossa (Patient 6)

Fig. 4 The stem of the hemiarthroplasty has been cemented into the
irradiated autograft, prior to implantation. Marker stitches for muscle
reattachment are seen (Patient 10)
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deformity of the elbow of mean 3° (range 0–12°). The
range of motion of the wrist was equal to the unaVected
side. The mean grip strength was 87% of the normal side

(range 66–100%). The outcome for each patient is given in
Table 1.

Radiographic review showed no evidence of aseptic
loosening or nonunion in any of the patients at latest follow
up. Superior marked subluxation was seen in one patient.
All of the other patients had a slight superior migration of
the humeral head within the glenoid. One patient, who had
extensive distal resorption of bone and subsequent strut
grafting, had a painless and radiographically stable implant,
but the tip of the stem was seen to lie outside the humeral
shaft. At latest follow up there was an estimated 71%
(range 59–91%) of graft bone still present.

Tumour complications

There were seven tumour complications in Wve patients.
Since surgery two patients have died from lung metastases.
One of the two deaths occurred in the patient with lung
metastases at presentation. This patient also had axillary
node disease prior to surgery and underwent lymph node
dissection at the time of proximal humeral reconstruction
followed by post-operative radiotherapy. The second death
occurred in a patient with no clinically detectable pulmo-
nary metastases at the time of surgery. This patient had a
poor response to induction chemotherapy (estimated necro-
sis 15%). Three further patients developed pulmonary
metastases, two had isolated metastases and were managed
with local resection. A further patient is alive but has lung
metastases which are not resectable and is receiving

Fig. 5 Immediate post-operative AP radiograph (Patient 10)

Table 1 Patient data and outcome

Case Age Diagnosis Complication Operation TESS MSTS

1 16.5 Osteosarcoma Pulmonary metastasis None Died

Local recurrence

Death

2 39.6 Osteosarcoma Nonunion Autograft and re-plating 49 47

Pulmonary metastasis Lobectomy

Subluxation Shoulder stabilisation

3 15.2 Osteosarcoma Pulmonary metastasis Lobectomy Shoulder disarticulation

Local recurrence Shoulder disarticulation

4 17.4 Osteosarcoma Pulmonary metastasis None Died

Death

5 52.1 Ewing’s Subluxation Shoulder stabilisation (3) 41 50

6 6.0 Osteosarcoma Subluxation Strut allografting 87 70

Resorption

7 11.11 Osteosarcoma Nonunion Strut allograft and re-plating 65 63

8 18.6 Osteosarcoma None None 86 86

9 8.1 Ewing’s Subluxation Shoulder stabilisation 92 70

10 38.4 Ewings None None 73 70

11 14.4 Osteosarcoma Pulmonary metastasis None 78 73
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chemotherapy. The mean time to the development of
pulmonary metastases after surgery was 26 months (range
11–60 months). There were two local recurrences, one
occurred in one of the two patients who have since died.
The other local recurrence occurred in a patient with a nar-
row margin and 25% necrosis following induction chemo-
therapy. She was managed with a shoulder disarticulation
and this patient is now alive and disease free 5 years fol-
lowing amputation.

Reconstruction complications

Seven complications of the surgical reconstruction
occurred in Wve patients. The most common complication
was shoulder joint instability, which aVected four patients.
One patient with minor intermittent symptoms was man-
aged non-operatively. Three patients with more severe
symptoms underwent stabilisation with a mesh sleeve,
which was successful in two patients and in the third patient
two further operations were required to achieve a stable
joint. There were two nonunions of the graft-host junction,
both were successfully treated with the use of bone grafting
and reWxation of the graft-host junction. A single patient
had a strut allograft reconstruction for resorption around the
distal humerus. No patients suVered a fracture, deep infec-
tion, nerve injury or loosening of the prosthesis.

Discussion

This study contains a small but relatively homogenous
group of patients, all with high grade primary bone tumours
of the proximal humerus. According to the MSTS, six out
of eight patients in this study had good or excellent out-
comes (MSTS > 60%). The function of the limb from the
elbow to the hand was near normal, with only a small
detectable decrease in grip strength and no clinically detect-
able neurological deWcit. The active range of motion of the
shoulder was poor when compared to the contralateral side,
with marked reduction in elevation of the limb but reason-
able preservation of rotation.

One of the potential beneWts of using autograft in addi-
tion to an endoprosthesis is the restoration of bone stock
and we felt that an estimation of graft resorption was
important. Estimation of the remaining graft on the current
radiographs was diYcult because of the presence of bone
cement, loss of the demarcation between bone and cement
and the use of additional bone graft to treat post-operative
complications in some patients.

The Wve patients with pulmonary metastases and/or local
recurrence were also the patients with a poor response to
induction chemotherapy, with less than 25% necrosis. In

addition the two patients with local recurrence both had a
narrow margin of excision. In retrospect they may have
been better served with amputation as a primary procedure,
however it is unlikely that the decision to perform limb sal-
vage has aVected their prognosis in the long term. The Wrst
patient is disease free with a shoulder disarticulation and
the second patient died from pulmonary metastases, which
were evident at presentation. This patient had a poor prog-
nosis from the beginning of treatment and was spared from
having an amputation, which was not likely to have con-
ferred any survival advantage over limb salvage.

Massive allografts alone in the reconstruction of the
proximal humerus are problematic. There is a signiWcant
risk of graft resorption and fracture, infection, instability of
the shoulder and delayed or nonunion [4, 6, 15, 21]. The
survivorship is reported at approximately 70% at 5 years
[5]. We have used ECI autograft alone in two patients, both
of which resulted in massive resorption of proximal bone,
resulting in a switch to a composite technique described
here. Endoprosthetic replacement on its own allows early
supervised movement of the limb and eliminates the risk of
nonunion and graft resorption as well as markedly reducing
the fracture risk. The survivorship is superior to the use of
allograft alone and the functional results are equivalent
[10]. Using an EPR, there is no prospect of a biological
reconstruction and since many malignant tumours occur in
a young population future revision surgery is likely. Reat-
tachment of muscles to the prosthesis is often unsatisfac-
tory, reducing the chance of obtaining a good range of
motion of the shoulder.

The use of a composite of bone graft and endoprosthesis
may mitigate some of the problems of the use of allograft or
EPR alone. The graft component provides an anatomic Wt
with restoration of bone stock and tendon insertions for the
reattachment of muscles. The prosthesis component
reduces the risk of fracture and of resorption of the vulnera-
ble proximal bone. We chose to use ECI bone as the graft
material. The dose of radiation used in ECI is 50 Gy, about
500 times less than the dose used in the preparation of irra-
diated allograft bone. The eVect of radiation on the strength
of bone is dose dependent [22, 23] and doses of up to 5 kGy
have been shown to allow bone to retain most of its biolog-
ical potential [24]. ECI grafts have the capacity to heal at
the graft junction and to regenerate bone in the graft and
attached tendons [25]. Therefore, the quality of ECI bone is
likely to be superior to allograft, which should also
decrease the time to incorporation and reduce the rate of
graft-host nonunion. The use of ECI bone does not require
the maintenance of a bone bank for massive allografts, and
the Wt of the graft is anatomic.

Instability is a common problem following proximal
humeral reconstruction and is not solved by the use of a
composite technique. Surgery for instability is reasonably
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successful in the control of symptomatic instability but
does result in a poorer functional outcome (both patients
with a MSTS < 60% were in this group) and reduced range
of motion. For this reason we do not routinely use artiWcial
capsular sleeves during initial reconstruction, accepting that
some patients will need stabilisation procedures in the
future.

Following reconstruction of the proximal humerus after
tumour excision, the function of the shoulder is related to
the size of the resected specimen [10] and the preservation
of the abductor mechanism. These margins are pre-deter-
mined by the size and location of the presenting tumour.
The MSTS and TESS scores of the patients in this series
were no better than the use of an EPR alone. This was a sur-
prise as we felt that the use of a perfectly Wtting autograft
with retained tendon for muscle reattachment, would
improve muscle and shoulder function. The passive range
of motion was substantially better than the active range,
indicating that the restriction to movement is not due to
scarring or stiVness of the joint. Our method of muscle reat-
tachment, using large non-absorbable sutres may not be
optimal, with resorption of bone weakening the tendinous
insertion of the muscle. Muscles may be defunctioned by
damage to their nerve or blood supply, partial resection,
prolonged inactivity or erosion by the prosthetic head. The
joint biomechanics are disrupted by the use of a hemiar-
throplasty which may not restore the muscles to their cor-
rect tension or orientation. Reduced range of motion of the
shoulder joint continues to be a problem with the use of
graft/EPR composites and we suspect that the problem is
not solved by simply improving the Wxation of the proximal
humeral musculature to the reconstruction. A reconstruc-
tion that is stable during motion and which optimizes the
biomechanics of the shoulder joint is also necessary for the
shoulder to function as normally as possible. The use of a
reverse shoulder prosthesis with ECI graft in the recon-
struction of the shoulder joint has been reported in proximal
humeral resections, with preservation of the abductor
mechanism [26]. The functional results are impressive but
given the young age of our patients and the uncertain lon-
gevity of this type of prosthesis we have doubts as to
whether reconstruction with a reverse prosthesis will be a
durable solution. We feel that the use of a composite tech-
nique oVers the best prospects for maximizing shoulder
function following tumour resection from the proximal
humerus. However, in its current form this technique has
not solved the problem of poor shoulder function.

In keeping with the published literature on the use of
massive bone grafts there was a high incidence of second-
ary surgery [4]. The main disadvantage of the use of an
ECI/EPR composite, when compared with the use of EPR
alone, is the higher rate of secondary surgery [10]. The
advantages are restoration of distal bone stock and the

possible, unproven, improvement in survival of the recon-
struction. No prosthesis has required revision for any rea-
son and it is therefore not possible to report the ease of
revision or the usefulness of the autograft in future recon-
structions. We would predict that subsequent revision sur-
gery would be less extensive when compared to EPR alone
because of the increased distal bone stock. The use of an
ECI/EPR composite is most useful in subtotal humeral
resections. It allows preservation of the elbow joint even
with very distal resections (Figs. 1, 2, 3). In addition, once
the osteotomy has healed, the strength of the reconstruction
will be greatly enhanced with a greater length of bone to
support the prosthesis. We had no revisions of reconstruc-
tion even with resections at the level of the distal humeral
metaphysis. Further follow up is required to see if the
reconstructions will be durable in the long term.
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