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Abstract

Introduction: The humerus is a relatively common location of malignant bone tumor in general and Ewing 
sarcoma in particular. However, total humerus replacement after humeral tumor resection is still a fairly rare and 
challenging surgery for surgeons.

Case presentation: A 14-year-old man was diagnosed with Ewing sarcoma. The patient underwent a total humerus 
replacement and neoadjuvant chemotherapy before and after the surgery. At 6 months post-operative, he was able 
to return to normal activities with good hand and elbow functions, although limited shoulder movement. MSTS 
score was 76.7%. There were no significant complications as well as local recurrence or metastasis. 

Conclusion: Total humerus replacement surgery for the patient of Ewing sarcoma of the humerus had initial positive 
results. However, the patient needs to follow up longer to evaluate the complications related to the prosthesis as 
well as the recurrence and metastasis of the tumor.

Keywords: Ewing sarcoma, total humerus replacement, bone cancer



DUNG TRAN TRUNG, MANH NGUYEN HUU, TRINH LE KHANH, TOAN NGUYEN MINH, SANG NGUYEN TRAN 
QUAN, THANH TRAN DUC11

THE JOURNAL OF ORTHOPAEDICS TRAUMA SURGERY 
AND RELATED RESEARCH

INTRODUCTION
Proximal Ewing sarcoma is a common type of bone cancer in children 
and teenagers, accounting for about 16% of all primary bone cancer 
cases [1]. The common site of this disease is in the diaphysis of the long 
bones. Ewing sarcoma of the humerus accounts for about 6% of cases. 
The treatment of Ewing sarcoma usually combines chemotherapy, 
surgery and radiotherapy [2,3]. Multi-agent chemotherapy regimens 
proved effective and the patient’s survival rate increased. Therefore, 
surgery today tends to be aimed at preserving and restoring function 
for limbs rather than amputation as in the past [4]. Total Humerus 
Replacement (THR) is a less-common procedure. There have been some 
reports of THR for humeral bone cancer showing encouraging results 
[5-8]. We would like to introduce the first case of THR in Vietnam to 
treat Ewing sarcoma in an adolescent patient.

CASE PRESENTATION
In November 2018, a 14-year-old man was admitted to the hospital due 
to persistent pain in right arm. The patient was examined and diagnosed 
with Ewing sarcoma at a pediatric hospital. He was then treated 
with 4 cycles of chemotherapy and then was assigned to forequarter 
amputation, but the patient’s family did not agree to this surgery. In 
December 2019, the patient came to our hospital with painful swelling 
of the right arm area from the middle third to the distal of humerus. 
The right elbow movement was limited. Movements of the hands and 
fingers were normal. There were no signs of tumor metastasis. The 
patient’s radiography showed an osteolytic lesion in the right humerus, 
lasting from proximal third to the distal humerus. The MRI image 
demonstrated that the lesion spread almost to the entire humerus and 
had invaded the soft tissue around the lateral site of the distal humerus. 
The biopsy confirmed the diagnosis of Ewing sarcoma of the humerus 
(Fig. 1 and 2).

The patient then underwent surgery to remove the tumor with the 
entire humerus and followed by total humerus replacement. We used an 
extensive deltopectoral approach to the shoulder which was connected 
with the anterolateral approach to the humerus and the lateral approach 
to the elbow. This incision went through the previous biopsy scar. The 
major blood vessels, rotator cuff, deltoid, biceps and triceps tendons as 
well as the main nerves (median nerve, radial nerve and ulnar nerve) 
were carefully extracted and preserved. The invasive soft tissue on 
the lateral site of distal humerus was removed completely and intact 
without breaking the tumor. The resection margin was confirmed safe 
with intra-operative frozen section. To reconstruct the humerus, we 
used a total humerus prosthesis with the upper part being a humeral 

Fig. 1. Pre-op humerus radiograph of the patient

 

Fig. 2. Pre-op MRI image of the patient

 

Fig. 3. The entire humerus was removed with the invasive soft tissue

head and the lower part being a hinged total elbow component. The 
deltoid, long head of biceps tendon and rotator cuff were attached to 
pre-designed holes of the prosthesis (Fig. 3).

The second day after surgery, the patient’s finger function was almost 
normal. The patient was also able to move the elbow gently. The 
immediate post-op X-ray showed the position of the prothesis was 
very good. As soon as the patient’s incision was healed without any 
complications, he was continued with post-op chemotherapy. At 6 
months after surgery, we have not detected any signs of local recurrence 
and metastasis or complications. The patient had a good movement of 
the elbow and the hand. The active shoulder elevation and abduction 
were 20°and 15°, respectively. The active shoulder internal and external 
rotation were 20° and 10°, respectively. MSTS score was 23 (76,7%). 
The patient was very satisfied with the surgery (Fig. 4 and 5).

 
Fig. 4. Intraoperative images. A- Blood vessels and nerves were preserved while 
removing the humerus. B- The prosthesis was placed
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DISCUSSION
Treatment of Ewing sarcoma, as well as other primary bone cancers 
in adolescents and children, remains a challenge for surgeons and 
oncologists. Forequarter amputation may be considered as the first 
treatment option in cases where it is necessary to completely remove 
the humerus to ensure cancer safety [4]. However, amputation is rarely 
accepted by the patient and his family, and it will have severe psycho-
social consequences for the patient’s life. The introduction of better 
diagnostic imaging methods, more effective chemotherapy, greater 
understanding of anatomy as well as continuous refinement of surgical 
techniques along with advancements in prosthesis design and materials 
had made limb preservation more and more feasible, even in cases 
where the tumor spread throughout the bone [9-14]. 

The survival rates of patients with limb salvage surgery and those with 
amputation surgery were similar, although the local recurrence rates 
were higher [15]. Limb salvage surgery should not affect the patient’s 
prognosis while optimizing the postoperative function of the limb [16].

Our patients received 4 cycles of chemotherapy before surgery. 
Chemotherapy has been shown to increase the survival rate of patients 
after surgery by reducing the rate of recurrence and metastasis [17]. 
Chemotherapy also helps to reduce tumor size and localize the tumor, 
making its boundaries clearer. This makes it easier to remove the tumor 
and thus increase the success rate of the surgery [18]. After surgery, the 
patient continued to receive early chemotherapy, as soon as the incision 
was well healed. In a study of 703 patients of bone cancer, Imran et al. 
concluded that patients who started to resume chemotherapy within 21 
days after surgery had a higher survival rate. The authors suggest that 
starting chemotherapy within 21 days after surgery helps maintain the 
overall dose intensity [19]. 

Total humerus replacement is a rare procedure, so there are very few 
reports of the results of this surgery. Puri et al. reported results of THR 
in 20 patients (9 cases of osteosarcoma, 8 cases of Ewing sarcoma, and 3 
of chondrosarcoma) with an average follow-up time of 41 months. The 

5-year survival rate was 52%, the local recurrence rate was 26.3% and 
the MSTS score was 22. At 5 years postoperative, the implant survival 
rate was 95% [5]. 

Also, Natarajan et al. reported the surgical outcomes of 11 patients who 
underwent THR. The authors reported good and excellent results of 
90.9%. The 5-year survival rate was 77.9%. The patients in this study 
had very limited active shoulder range of motion, but the elbow and 
hand movements were relatively good, with an MSTS score of 80% [6]. 

Suhel Kotwal et al. report the results of THR in 20 patients with humeral 
malignant tumor with an average follow-up time of 42.9 months. The 
average MSTS score was 71.5%, the active shoulder elevation and 
abduction were 15° and 12.5°, respectively. The 10-year survival rate 
was 70% [7]. 

In THR surgery, almost all surgeons use an extensive deltopectoral 
approach that connects to the anterolateral approach to the humeral 
shaft. When approaching the elbow, some authors extended the incision 
posteriorly, followed by the posterior approach to the elbow [18], while 
others use the anterior approach to the elbow [7]. Our patient had a 
tumor that invaded the surrounding soft tissue at the lateral site of 
the distal humerus, so we extended the incision laterally to the lateral 
approach of the elbow to make it easier to remove the entire tumor. 
The advantage of this incision is not to damage the elbow extension 
mechanism, so the movement of the elbow after surgery recovered 
well. Revealing and preserving the radial nerve was also relatively 
easy. However, its disadvantage is that it is difficult to reveal the medial 
neurovascular bundle (brachial artery, median nerve, and ulnar nerve).

At 6 months after surgery, the patient was able to move the elbow and 
fingers relatively well. However, the active movement of the shoulder 
was very limited, although we have tried to preserve and reattach the 
deltoid and rotator cuff to the prosthesis. Other authors had similar 
results of poor recovery of the shoulder [5-7]. It is important to advise 
patients and families about the potential of significant loss of shoulder 
activities as well as the rehabilitation of the shoulder will take more 
time and effort. Also, patients need to learn how to use the scapular 
movement to compensate for the lack of shoulder joint function [7]. 

This is the first case of total humerus replacement performed in 
Vietnam. So we have a lot of technical difficulties and little experience 
with this type of surgery, while the neurovascular anatomy of this area 
is very complicated. Moreover, the invasive soft tissue made the surgery 
even more difficult. 

The limit of this case presentation is a short follow-up time. The patient 
should be monitored longer to assess the recurrence or metastasis of 
the tumor, the function of the patient’s arm as well as the survival of 
the implant.

CONCLUSION
The total humerus replacement surgery for Ewing sarcoma showed 
very satisfactory initial results. Although the active movement of the 
shoulder was limited, the patient was able to move the fingers and elbow 
well. This is the first case of total humerus replacement in Vietnam. 
It promises to open up a brighter future for patients of humeral bone 
cancer, when the surgery not only preserves the limb after safely 
removing the tumor, but also recreates the aesthetic and function for 
the patients.

Fig. 5. The humerus x-ray image of the patient at day 2 after surgery
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