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Abstract
Whenever partial hand amputations for soft tissue sarcomas are attempted, special consid-
eration should be given to achieve a balance between complete resection associated with 
negative margins and preservation of functionality to the patient so that the hand can sup-
port the contralateral intact hand for bimanual activities. This difficult decision is even more 
challenging within the limited anatomical confines of the hand. Based on our literature review, 
this is the first case of double central 3rd and 4th ray amputation, as far as we know with good 
hand function, evaluated by the Musculoskeletal Tumor Rating Scale.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Osteosarcomas and many soft tissue sarcomas (STS) occur in the extremities, most of 
which are treated with a combination of a wide local excision, radiotherapy, and recon-
struction. However, sometimes STS necessitate amputation [1, 2]. Ray amputation was first 
described in the early 20th century [3–6], and it was performed on those with proximal inter-
phalangeal joint dysfunction or loss of proximal phalangeal skeleton; it was also used for the 
treatment of traumatic hand injuries, infections, and tumors [7].
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We present the case of a 38-year-old male patient with a tumor located in between the 
3rd and the 4th metacarpophalangeal joint that had been incompletely excised outside our 
facility using both a volar and a dorsal approach with subsequent positive margins, so he 
underwent novel central double 3rd and 4th ray amputation due to the contaminated surgical 
tumor bed. Based on our literature review, this is the first case of double central 3rd and 4th 
ray amputation, as far as we know with good hand function, assessed by the Musculoskeletal 
Tumor Rating Scale (MSTS).

Case Report

We describe the case of a 38-year-old right-handed male nonsmoking computer tech-
nician who was known to have dilated cardiomyopathy. He noticed a soft lump around the 
right 4th metacarpophalangeal joint measuring 1.5 × 1.5 cm. The lump had been present for 
almost 1 year and had started to become painful, hard, and increasing in size in the last couple 
of months. The patient underwent magnetic resonance imaging (MRI), which showed evidence 
of tumor depicted on the dorsal subcutaneous aspect of the hand at the level of the 3rd and 
4th metacarpal head digits measuring 2.4 × 2.1 cm in axial dimension and 3.7 cm in cranio-
caudal dimension, with volar extension to invade the muscles surrounding the 4th metacar-
pophalangeal joint, in close relation with the cortex of the 4th metacarpal bone and the 
proximal phalanx without definite invasion (Fig. 1). It was reported that no signs of metastatic 
disease were found. A biopsy was done, which showed clear cell sarcoma, melanoma of the 
soft part, grade 2. The patient underwent incomplete excision outside our center, and the 
tumor was removed using a double incision (volar and dorsal approach).

Upon his initial visit to our facility, the anterior and posterior incisions were completely 
healed and a drop in the ring finger was noted due to loss of extensor tendon, which was 
involved by the tumor as well. The specimen was reviewed and showed multiple peripheral 
and volar margins involved by the tumor. MRI of the right hand showed evidence of an ill-
defined infiltrative soft tissue enhancement between the 3rd and 4th metacarpal bones 
extending through the metacarpophalangeal joint distally, but no definable well-defined 
nodules or masses. The enhancement was reaching the surrounding major tendons. Whole 
body positron emission tomography-computed tomography and brain MRI showed no 
evidence of metastatic disease. The multidisciplinary clinical decision was to proceed with 
3rd and 4th ray amputation. It should be noted that considerable time was spent explaining 

Fig. 1. MRI of the right hand. T1 axial cut show-
ing the tumor mainly in the dorsal space be-
tween the 3rd and 4th metacarpophalangeal 
(MCP) joint (red arrowhead) extending to the 
volar aspect through the intrinsic muscles of 
the related MCP, as well as its invasion of the 
tendon and part of the periosteum of the dor-
soulnar aspect of the 3rd MCP joint.
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the operation to the patient, with all possible complications including skin necrosis due to low 
vascularity, infection at the operation site, major hand dysfunction, and local tumor recur-
rence.

Under a bloodless field without exsanguination, we performed a V-shaped incision incor-
porating both the dorsal and the volar incisions that had been conducted previously and 
which had resulted in contamination of the field. A dorsal approach was utilized first, where 
we went through the layers (skin, subcutaneous tissue, extensor tendon, and periosteum) till 
the apex of our V-shaped incision proximally (Fig.  2). We sent tissue samples for frozen 
sections from both proximal and distal aspects as well as both radial and ulnar areas to check 
our margins. A considerable amount of time was spent identifying any abnormal tissue around 
the site of dissection till we reached the base of the 3rd and 4th metacarpal bones and did our 
osteotomy there. We turned our attention to the V shape of the volar aspect and continued 
our dissection in layers while carefully inspecting any abnormal tissue and avoiding any 
violation of the residual tumor area (Fig. 3). Carefully, we identified both common digital 
nerves and arteries, and we cut only branches supplying the 3rd and 4th digits while preserving 
the other digits’ important neurovascular structures; again, tissue samples were sent for 
freezing, including the volar ligament plates. After that, the residual area was completely 
removed by en bloc excision (Fig. 4) and sent for permanent pathology, which turned out to 
be completely excised with negative margins all around. We elected to close the wound by 
primarily using the aid of the volar ligament plates, then inserting a drain, and we ensured 
adequate hemostasis (Fig. 5). The wound’s edges came nicely together and sterile dressing 
was applied.

The patient was discharged from our facility 3 days after the procedure. His first follow-
up visit was after 8 days, on which he showed a well-healed incision site. He was scheduled 
for regular appointments with physiotherapy. Three months after the operation, follow-up 
MRI was done; there were only ill-defined edematous soft tissue changes but no definable 
enhancing soft tissue masses. The most recent MRI showed no definable enhancing soft tissue 
mass at the surgical tumor bed that would account for local tumor recurrence. The patient 
was followed up for 2 years with no sign of local recurrence or metastasis.

Fig. 2. Dorsal approach making a V-shaped incision exposing the subcutaneous tissue, extensor tendon, and 
periosteum.
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Discussion

Hand preservation surgery is possible for most patients with malignant tumors of the 
hand [8–10]. Sarcomas, on the other hand, are a rare and heterogeneous group of malignant 
tumors of mesenchymal origin that comprise less than 1% of all adult malignancies and 12% 
of pediatric cancers [11–13]. Approximately 80% of new cases of sarcoma originate from soft 
tissue, and the rest originate from bone [13]. Clear cell sarcoma, previously known as 
melanoma of the soft parts, is a malignant soft tissue tumor with melanocytic differentiation. 
It mostly occurs in the distal extremities around the ankle or foot, followed by locations 
around the wrist and hands. Grossly, it has infiltrative borders mostly associated with the 
tendons or aponeuroses. Histologically, the tumor is composed of nests or bundles of uniform, 
spindle-shaped-to-epithelioid cells on a background of dense fibrous septa (Fig. 6). The cells 
contain moderate amounts of eosinophilic-to-clear cytoplasm, with central nuclei and large 
prominent single nucleoli. In some cases, melanin pigments can be identified. The mitotic rate 
is low and pleomorphism is not seen, in contrast to melanoma, where pleomorphism is often 

Fig. 3. V-shaped incision into the volar aspect of 
the right hand.
Fig. 4. Complete en bloc resection of the tumor 
bed with the 3rd and 4th digits.

3 4
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prominent. On immunohistochemistry, clear cell sarcoma has staining patterns similar to 
those of melanoma: both tumors are positive for S100 protein, HMB-45 (Fig. 7), microph-
thalmia-associated transcription factor, and melan A. In contrast to melanoma, the HMB-45 
staining pattern is stronger and more diffuse compared to that of S100 protein. In addition, 

Fig. 5. Primary closure using ligament plates after inserting a negative-pressure drain.

Fig. 6. Clear cell sarcoma. The tumor is composed of nests of uniform spindle-shaped-to-epithelioid cells with 
clear cytoplasm, round nuclei, and prominent nucleoli. Notice the dense fibrotic background. Hematoxylin 
and eosin. ×200.
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clear cell sarcoma is characterized by a reciprocal translocation t(12;22)(q13;q12) [14] 
resulting in EWSR1-ATF1 oncogene fusion [15] Therefore, detecting this gene rearrangement 
by FISH, PCR, or next-generation sequencing is helpful for confirming the diagnosis in chal-
lenging cases, especially when the differential diagnosis is malignant melanoma.

In treating clear cell sarcoma, the major therapeutic goals are survival, avoidance of 
recurrence, maximizing function, and minimizing morbidity. Surgical resection is the standard 
primary treatment for most patients with clear cell sarcoma, although close margins may be 
necessary to preserve uninvolved critical neurovascular structures. Radiotherapy and/or 
chemotherapy are often used prior to surgery in many centers to downstage large high-grade 
tumors to enable effective surgical resection with close soft tissue margins (<1 cm) or a 
microscopically positive margin on bone, major blood vessels, or a nerve, but unfortunately 
clear cell sarcoma is not sensitive to cytotoxic chemotherapy [16]. Studies have demonstrated 
that it is possible to perform en bloc resection of STS of the hand with good oncologic outcomes 
while preserving a functional hand [8, 17]. However, the limited anatomical confines of the 
hand make achieving negative surgical margins difficult, but ultimately necessary to achieve 
a better clinical outcome [18]. Puhaindran and Athanasian [16] reported 5 cases of double ray 
amputation (4 cases of 4th and 5th ray amputation, and 1 case of 2nd and 3rd ray amputation) 
with lower MSTS scores (24 vs. 27.5) than in single ray amputation cases. Another case was 
reported by Fleegler [17], i.e., a 42-year-old woman who was diagnosed with synovial sarcoma 
and underwent double 2nd and 3rd ray amputation; however, the author did not provide any 
information regarding the functionality of the affected hand.

In the case we presented, our patient underwent central double 3rd and 4th ray ampu-
tation and was able to maintain an almost normal function of the affected hand, as he scored 
33/35 (Table 1) on the MSTS [18]. This was a good result, since the procedure might cause 
contracture and fibrosis [19–22], which will lower the MSTS score, as described by Puhaindran 
and Athanasian [16], who reported 4 cases with a mean score of 23.5. Our patient indicated 

Fig. 7. HMB-45 immunohistochemical stain in clear cell sarcoma. Notice the strong and diffuse pattern of stain-
ing. HMB-45 immunohistochemical stain. ×200.
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that his work required a lot of precision and he did not lose any of his skills (Fig. 8). It should 
be noted that the functionality of the hand and esthetic outcome after partial hand ampu-
tation depend on the extent of the digits excised and the patient’s adherence to physiotherapy.
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Fig. 8. The patient is able to hold and manipulate objects of varying sizes in his hand and he can write (not 
shown).
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