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ABSTRACT 

The aim of the chapter is to discuss the issues related to cancer of the musculoskeletal system. Contemporary techniques and 

technologies used in orthopedics and in particular in the treatment of cancer. The most common cancers of the musculoskeletal 

system and current treatment options in Orthopaedics were analyzed. The division of tumors by primary and secondary origin and 

the degree of cell atypy (benign and malignant) and dependent treatments used in Orthopedics. In our work we will focus on 

contemporary surgical techniques used in Orthopaedics. We will Focus In our work on contemporary surgical techniques used in 

Ortho-paedics. We will focus on presenting the most common cancers occurring in adults and children and the difficulties of 

treatment and cure of the disease and at the same time maintaining the best possible function of the patient. In particular, the types of 

prostheses and techniques of supplying individual areas of the body will be analyzed, depending on the issues related to the patient's 

age. The article reviews domestic and foreign professions, the article reviews domestic and foreign professional scientific 

publications on modern methods of orthopedic treatment in oncology. In addition to the classic analysis of literature, photos based on 

literature will be used. The work will be illustrative Conclusions. Taking into account the type of cancer, the degree of malignancy 

and the prognosis depending on it, appropriate treatment methods are used that are not always associated with curing the patient of 

cancer, but may bring benefits in the form of a longer survival period and improvement of the quality of life. 

Hypothesis: Do modern methods of cancer treatment in orthopedics have valuable applications in compre-hensive therapy of cancer 

of the musculoskeletal system? 

INTRODUCTION 

According to the American Cancer Society, 

more than 40% of primary skeletal cancers in 

adults are chondrosarcomas. This is followed by 

osteosarcomas (28%), chordoma (10%), Ewing 

sarcomas (8%) and histiocytic sarcomas/fibro-

sarcoma (4%). The remaining number of cases 

includes several types of rare bone cancers. In 

children and adolescents (< 20 years of age), 

osteosarcomas account for 56%, Ewing 

sarcomas – 34%, and chondrosarcomas – only 

6% (American Cancer Society, 2018). 

Bone tumors are classified as metastatic tumors 

and orthotypic tumors. Osteosarcoma is the 

third most common cancer among children and 

adolescents and the most common orthotopic 

bone cancer (Simpson E., 2018). Bone is the 

site of metastasis of hematopoietic tumors, such 

as prostate, breast or lung cancer. Every year in 

the United States, more than 600,000 cases of 

patients with bone metastases are diagnosed in 

the elderly (>40 years) (Krzeszinski J.Y., 2015). 

Therefore, early diagnosis of the disease and 

treatment based on the individual variability of 

the patient is needed (Rubin E.H., 2014). 

Therapy of tumors of the musculoskeletal system 

requires the help of doctors of various spe-

cialties; oncologist, orthopedic surgeon, radio-

logist, pathomorphologist, radiotherapist, vascular 

surgeon, thoracosurgeon sometimes also plastic 

surgeon and long-term recovery time combined 

with rehabilitation. The dilemma between limb 

rescue and amputation should be based on the 

individual needs of the patient and his family.  

When determining the process of surgical 

treatment sparing the limb, especially in cases 

of tumors localized in the skeletal system and 

pelvis, the age of the patient and the possibilities 

of his rehabilitation should be taken into 

account. Surgical procedures, due to the high 

risk of complications, require considerable com-

mitment on the part of the patient, doctors and 

physiotherapists in the postoperative period. At 

the moment, the standard in surgical treatment 

is treatment that saves the limb, which allows to 

reduce the patient's disability and improves its 
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functioning. Among the methods most often 

used in limb-sparing treatment are; modular 

oncological endoprostheses, growing endopros-

theses used in children, auto- or bone allo-

transactions, rotational plastics, arthrodesis of 

large joints, and in some locations (shoulder, 

pelvis) only radical bone resections (Goryń T., 

2018). 

Tumors of the musculoskeletal system are 

a wide group of tumors, from insignificant, 

benign lesions to very malignant sarcomas that 

are life-threatening. In Poland, 200-250 new 

cases of malignant tumors of the skeletal system 

are detected annually (Marku-szewski, 2019).  

SEARCH STRATEGY AND SELECTION CRITIERIA 

In the fifth edition of the WHO classification of 

soft tissue and bone tumors, which was pub-

lished in April 2020, there is a similar division 

as in the fourth edition describing the same 

organization from the following group.  

1. Chondrogenic tumors 

2.  Osteogenic tumors 

3.  Fibrous tumors  

4. Vascular tumors 

5. Osteoclast bones, Giant cell-rich tumors  

6. Dorso-string tumors  

7. Other mesenchymal bone tumors 

8. Cancers of the hematopoietic system of 

the bone  

There is also a new chapter as "undifferentiated" 

small round-cell sarcomas of bones and soft 

tissues 

The fifth edition of the WHO classification 

includes important histological changes and 

molecular division associated with bone can-

cers. There are several new units and subtypes 

of tumors. The WHO classification is a key 

standard with respect to the diagnosis and diffe-

rentiation of bone tumors. Providing interna-

tional resources to people caring for patients 

with bone cancer or cancer, e.g. oncologists, 

pathologists, surgeons. Thanks to new molecular, 

histological and genetic changes in unclassified 

bone lesions. It is advisable to continue the 

study to understand the pathogenesis of bone 

tumors 

Soft tissue and bone tumors as a heterogeneous 

group of tumors included in more than 100 

different types, and histological subtypes are 

diagnosed and counted through the criteria for 

classification of tumors (WHO). Diagnosis of 

soft tissue and bone tumors is very difficult 

because it has histological diversity. Over the 

past three decades, the classification of bone 

tumors along with soft tissues has changed with 

progress in mind and understanding the 

pathogenetic basis of the rarity of these tumors. 

Characteristic molecular changes in most types 

of cancer (i.e. mutations, gene fusions) have led 

to unified diagnostic criteria, and to the deve-

lopment of useful diagnostic tests for soft tissues 

and pathologies of bone tumors (Creytens D., 

2021). 

 

Photo: Metastasis of kidney cancer 
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Photo: Metastasis of kidney cancer 

 

Photo: After treatment of metastatic kidney cancer 

Diagnostic evaluation of musculoskeletal dis-

orders (Canale 1, Kusz 2, 2013) 

1. Differential diagnosis of lesions located 

in the bone shaft.  
2. Ewing's sarcoma. 

 

Photo: Ewing's sarcoma in a 23-year-old man 
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Photo: After treatment of Ewing's sarcoma 

 

Photo: Ewing's sarcoma in a 23-year-old man. Biopsy performed, erroneously from the front. The need to remove the scar from the 

biopsy during the final operation 

 

Photo: Ewing's sarcoma in a 23-year-old man. BAmeloblastoma 
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3. Differential diagnosis of lesions located 

at the base of the bone  
4. Giant cell tumor. 

 

Photo: Giant cell tumor 

 

Photos: Giant cell tumor 

 

Photo: Giant cell tumor 
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Photo: Giant cell tumor, after treatment with Denosumab, in order to preserve the articular surface was not resectioned, stabilization 

with grafts, cement and Rusch rods 

 

Photo: Giant cell tumor 

 

Photo: Giant cell tumor 
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5. Chondroblastoma. 6. Chondrosarcoma. 

Table 3. Differential diagnosis of lesions in the spine (Canale, Kusz, 2013) 

 
7. Differential diagnosis of disseminated 

lesions (Canale, Kusz, 2013) 

8. Chondrosarcoma. 

 
Photo: Atypical cartilage in the peripheral asphyxia of the femur, the lesion was cut out and the cavity was filled with cement.  

After 2 years without ailments, gradual layering of periosteum, suspicion of osteosarcoma, a biopsy was performed, cartilaginous 

cartilage was found. Resection performed, a resection prosthesis was put on 

 
Photo: Atypical cartilage in the peripheral asphyxia of the femur, the lesion was cut out and the cavity was filled with cement.  

After 2 years without ailments, gradual layering of periosteum, suspicion of osteosarcoma, a biopsy was performed, cartilaginous 

cartilage was found. Resection performed, a resection prosthesis was put on 
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Photo: Atypical cartilage in the peripheral asphyxia of the femur, the lesion was cut out and the cavity was filled with cement.  

After 2 years without ailments, gradual layering of periosteum, suspicion of osteosarcoma, a biopsy was performed, cartilaginous 

cartilage was found 

 

Photo: Cartilage of the entire humeral bone, Total prosthesis of the humeral bone 

9. Osteosarcoma. 

 

Photo : Osteosarcoma 
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Photo : Osteosarcoma 

10. Histiocytoma. 

11. Multiple myeloma. 

12. Fibrous dysplasia. 

13. Bone metastases. 

 

Photo: Metastasis of cancer to the kidneys 

14.  Infection.  

15. Hemangioma.  

16. Hyperparathyroidism. 

Diagnosis for cancer usually consists of several 

elements: 

1. Medical record and clinical 

examination.  

2. Diagnostic imaging. 

3. Biochemical research. 

4. Collection of material, histopathological 

examination. 

In the diagnosis of a patient with a tumor of the 

musculoskeletal system, we start by collecting 

an anamnesis and conducting a physical exami-

nation. Further diagnostics based on tests are 

also needed:  

1. X-ray examination. 

2. Three-phase bone scintigraphy. 

3. COMPUTED Tomography. 

4. MRI PET (positron emission 

tomography). 

5. Laboratory tests.  
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REVIEW  

Preoperative imaging techniques, early diag-

nosis and effective chemotherapy comprehen-

sively act on many tumors arising in the 

epiphyseal-epiphyseal areas of the long bones 

and can be excised segmentally with joint 

preservation (Zekry KM, 2017). 

Modern surgical techniques Currently, resection 

of a tumor with a fragment of unchanged bone 

along with obtaining the right margin of healthy 

tissues (R0 resection) is used as the primary 

method of treatment. The goal of local treatment 

should be radical resections. 

During the inability to obtain a proper margin 

and R0 resection, limb-sparing treatment should 

be abandoned or treatment should be abandoned 

(Goryń, 2018) R2 resections (non-radical macro-

scopic) weaken the patient's prognosis and most 

often lead to significant disability, so they 

should not be performed. During radical resec-

tion, a wide, at least 2 cm, margin of healthy 

bone must be used. Equally important as R0 

resection is to achieve a functional effect related 

to the treatment carried out. A functional limb is 

treated as a limb enabling proper support or 

grasping functions, the functional effect includes 

the preservation of deep and superficial sen-

sation, the operation of the muscular system 

enabling the proper range of motion of the limb 

and adequate coverage of the diseased fragment 

with soft tissues (Goryń, 2018). Currently, 

modular oncological endoprostheses (megapro-

stheses), growing endoprostheses used in 

children, bone auto- or allo-transhvers, rotational 

plastics, arthrodesis of large joints, and in some 

locations (shoulder, pelvis) only radical bone 

resections are often used in sparing treatment. 

Thanks to modern techniques of manufacturing 

endoprostheses, it is possible to use implants 

developed for a specific patient 3D printing (so-

called custom made). In terms of technology, it 

is currently possible to reconstruct most cavities 

and joints after removing the primary tumor. 

Unfortunately, the technical possibilities asso-

ciated with the production of implants also have 

their negative sides. Erroneous qualifications 

related to the use of custom-made implants are 

possible. The basic principle in oncological 

surgery, which speaks of radical resection as the 

most important prognostic factor for the 

patient's fate, is forgotten – the secondary goal 

is to preserve the functionality of the limb. 

Tumors located in the pelvis require a special 

approach when it comes to planning surgical 

treatment. The main indicator is the age of the 

patient and the possibilities of his rehabilitation. 

Pelvic resections are associated with a high risk 

of complications, require the involvement of the 

patient as well as medical staff, physiothera-

pists. For surgeons performing extensive tumor 

resections, reconstructions of bone and joint 

defects are a challenge. The most common 

causes of revision are periprosthetic infections, 

aseptic or septic loosening of the endoprosthesis, 

mechanical damage to parts of the endopro-

sthesis, and reoperations associated with local 

recurrence or distant metastases. 

Titanium as a reconstructive material and the 

use of hydroxyapatite that enables faster healing 

of the implant and innovative modifications of 

the implant surface in the form of positive silver 

ions that reduce the risk of infection in the 

postoperative period (416 Oncology in Clinical 

Practice – education 2018, volume 4, No. 6) 

(Chillag, 2016, Stanmore Implants Issue, 2015 

edition). Non-invasive growing prosthesis the 

growing endoprosthesis in children is an 

innovative implant, its elongation along with the 

maturity of the child does not require re-

operations. In 2006, at the Warsaw Institute of 

Mother and Child, the first operation to implant 

a growing endoprosthesis took place in a 14-

year-old boy, it was implanted by Prof. 

Wojciech Wożniak. As the first child in Poland, 

14-year-old Michał has a special endopro-

sthesis. In the case of children in whom the 

skeletal system is almost mature, the recon-

structed lower limb can be extended by 1cm. 

As the authors have proven (Masrouha, 2021), 

the Repiphysis prosthesis, in addition to the 

benefits of limb preservation, is also charac-

terized by a high rate of mechanical damage 

along with the need for revision. The authors 

recommend revealing potential short- and long-

term complications and also point to other 

treatments if their use is considered (Masrouha, 

2021).  

According to Grimer RJ. Removal of growth 

cartilage during extensive tumor resection can 

lead to significant leg length discrepancies 

(LLD), in children with an immature skeletal 

system. This situation happens in the diagnosis 

of bone sarcoma, which often involves the 

paraphysis of the knee joint (Grimer RJ., 2005). 

Reconstruction by inserting an endoprosthesis 

mostly interferes with the adjacent growth 
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cartilage of the same joint, so the divergent 

length of the LLD limbs will inevitably appear, 

as the opposite limb will grow normally. The 

medium-term result showed that non-invasive 

retractable endoprostheses in children with bone 

cancer present precise limb elongation with 

reduced mortality in the medium term and very 

good functional results, despite complications 

(Picardo NE., 2012). Before non-invasive 

retractable dentures were available world-wide, 

home retractable dentures played a vital role in 

saving the limb of pediatric patients with a bone 

tumor in China that could be extended with 

minimal incision (Changye Zou, 2020). 

 

Photo: growing prosthesis used in children 

Surgical techniques: Resection of the aceta-

bulum of the hip Joint In the case of lesions 

located in the middle or anterior half of the 

pelvis, resection of the acetabulum of the hip 

joint is recommended with sparing the limb. 

A detailed assessment of the clinical sophistication 

is needed. 

Cancerous lesions in the periacele area may 

occur in different areas of the acetabulum and 

may be of different sizes. Of the available 

treatment techniques, there are many types of 

reconstruction. The authors conducted a syste-

matic review and presented the most compre-

hensive review of acetabulum reconstruction 

after resection of tumor lesions (Brown, 2018). 

The authors found that most of the perimenal 

lesions came from metastases (41%), chon-

drosarcoma (29%), osteosarcoma (10%), and 

Ewing's sarcoma (7%). The mean age of the 

patients, which was 49 years, was less than that 

of most patients undergoing THA (total hip 

arthroplasty), the median age of 69 years 

(Brown, 2018). 

Reconstruction of the acetabulum of the hip 

joint after resection of cancerous lesions within 

the acetabulum is technically difficult and many 

techniques are used with varying success. The 

authors found a high percentage of compli-

cations and high mortality after oncological 

resections and reconstructive procedures of 

around aceteral lesions. Recent prostheses, 

including custom-made dentures and porous 

implants and tantalum augments, have shown 

positive early radiological and functional results 

(Brown, 2018). There are many reconstruction 

methods available, each with its own risks and 

benefits. The authors found that the compli-

cation rate is high, but newer technologies and 

improved reconstruction techniques improve 

implant life (Brown, 2018).  

Resection of the pubic and sciatic bones In case 

of infection or cancerous tumor, partial or 

complete resection of the sciatic or pubic bone 

may be indicated. 

6. Pelvic bone resection (internal 

hemipelvectomy).  
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Photo: pelvic prosthesis Lumic (Implantcast) 

It is important in this method to leave a suffi-

cient margin of surgical resection for patients 

who want to rehabilitate intensively. 

According to the authors, better surgical results 

of removing a pelvic tumor with infe-rence on 

the sacrum are brought by the use of a new 

classification of surgical accesses in the pelvis. 

This classification includes: 3 pelvic-sacral 

degrees (PS): I, II and III, divided into Ps A 

(pelvic osteotomy through the hip) and Ps B 

(resection of the iliac acetabulum with aceta-

bular and sciatic osteotomy / pubic symphysis). 

The authors suggest that the resection technique 

should be adapted to the type of tumor (Zhang, 

2018). Treatment of malignant neoplasms of the 

pelvis is one of the most difficult problems of 

oncology of the musculoskeletal system. 

7. Sacroiliac joint resection. 

Malignant tumors of the pelvis have a poor 

prognosis. Particular difficulty is the recon-

struction of bone defects with extensive tumor 

occupancy within the pelvis. The most pro-

blematic are tumors of the acetabulum of the hip 

joint or sacroiliac joint. Priority is the operation 

to save the limb and the choice of the appro-

priate surgical technique. 

An innovative operating system was created 

using pelvic hemiple endoprosthesis and sparing 

the sacrum, because it is attached to the l5 and 

l4 lumbar vertebrae. The authors found this 

technique very promising (Wang, 2019). 

8. Sacral resection. 

Combined antero-posterior (ventro-sacral) access 

is the best technique for removing a giant cell 

tumor or chordoma. Primary tumors from the 

sacrum or retroperitoneal region are rare and 

most of them are benign in nature, e.g. 

chondrosarcoma and neuroblastoma (York, 99, 

Kayani, 2014). 

Robot-assisted minimally invasive surgery (using 

the Da Vinci Surgical System) of the sacral 

region can provide precise tissue dissecision 

under perfect view. This is a technically feasible 

procedure that involves minimal blood loss, 

fewer injuries, and short hospitalization. It is 

especially suitable for pre-sacral benign tumors 

(Yin, 2018).  

Sacrum tumors make up about 1–7% of all 

spinal tumors (Kim KR., 2021). 

9. Resection of the vertebral body.  

Multiple myeloma and other lymphoproliferative 

neoplasms are the most common primary 

malignant bone tumors (Patnaik, 2016). 

The authors concluded that chronic, permanent 

back pain should be diagnosed using magnetic 

resonance imaging or computed tomography 

because they are important for planning chon-

drosarcoma resection ( Fukuda, 2019). 

10. Resection of the scapula. 

If there are infections or benign and malignant 

neoplastic lesions, various fragments of the sca-

pula are removed. Depending on the occupied 

surface of the scapula, smaller fragments or the 

entire scapula are removed. The cut is made 

along the subscapular muscle. This muscle is 

a protective barrier against tumor inking 

(Canale, Kusz, 2013). 
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Photo: showing a tumor of the left scapula reaching to the articular acetabulum (preoperative sutuation) 

  

 

 

Photo: after implant insertion 

 

Photo: scapula acetabulum implant 



Review and Research on Cancer Treatment 
Volume 8, Issue 1 (2022) 

 

75 

 

Photo: after implant insertion 

 

Photo: scapula implant 

 

Photo: X-ray after implant surgery 
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11. Resection of the shoulder girdle. 

Often cancerous tumors of the scapula infiltrate 

the shoulder joint, lead to segmental and extra-

articular need to cut out the head of the humeral 

bone with the scapula. LGHBT (head long 

biceps) is a route of infiltration of the tumor into 

the shoulder joint. Resection involves partial 

resection of the scapula (Canale, Kush, 2013).  

Jianxiong LI in 2020 conducted a study of 17 

patients with scapular tumors treated with the 

method of complete resection of the scapula 

combined with artificial replacement of the 

scapula. The authors found that surgery could 

provide better appearance and function of the 

shoulder joint, but it was a retrospective study 

(Jianxiong Li, 2020). 

12. Resection of the proximal part of the 

humeral bone. 

During the biopsy of the proximal part of the 

humerus, care must be taken to ensure that 

cancerous changes do not get into the deltoid-

thoracic furrow, because it is at risk of spre-

ading cancer cells. This resection is a frequently 

used surgical method of sarcomas of the pro-

ximal part of the humeral bone (Canale, Kush, 

2013). 

 

Photo: humeral bone prostheses 

13. Resection of the dictal part of the 

humeral bone.  

Sarcomas located within the elbow joint, rarely 

can be excised with a limb-sparing technique. 

14. The technique of resection of the 

humeral shaft with the preservation of 

the elbow and humeral joint of the 

patient is used to treat cancerous tumors 

of the humeral shaft. Using an allograft, 

a prosthetic humeric shaft or an 

autogenous graft, the limb can be 

preserved.  

15. Resection of the proximal part of the 

ulna. 

 
Photo: surgical procedure for insertion of the proximal part of the ulna 
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Photo: after the procedure of insertion of the proximal part of the ulna 

 

Photo: chondrosarkoma of the proximal part of the ulna 

16. Resection of the proximal part of the 

radial bone.  

Larger fragments of the proximal part of the 

radial bone can be resectioned without recon-

struction (Canale, Kusz, 2013).  

17. Resection of the distal part of the radial 

bone.  

In patients with a giant cell tumor, resection of 

the distal part of the radial bone is particularly 

practiced. It is performed by alloplasty or 

arthrodesis using allo- or autogenic bone graft. 

18. Resection of the distal part of the ulna  

Excision of the distal part of the ulna in a giant 

cell tumor without the use of a graft is similar to 

Darrach surgery, along with the tumor the perio-

steum is excised. 

 

Photo: illustrates the resection of the proximal part of the ulna 

19. Resection of the entire femur. 

Using hip and knee joint endoprostheses, the 

technique of removing the entire femur using 

a modular prosthesis along with reconstruction 

was described by Lewis.  
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20. Resection of the proximal part of the 

femur. 

Most tumors of the proximal femur area allow 

resection to be performed with a margin of 

healthy tissues and allows reconstructive surgery 

and better limb function than enucleation in the 

joint. Indications for amputation are local 

recurrence, fracture with displacement, compli-

cations after biopsy. In some centers, a post-

resection prosthesis is originally used (Canale, 

Kush, 2013). 

 

Photo: Metastatic breast cancer put on a resection endoprosthesis of the hip joints first left then right, visible ossification of the left 

femur after distant surgery  
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21. Resection of the dictal part of the femur 

The most common localization of primary 

malignant neoplasms of the bone is the distal 

part of the femur, rarely occupying the joint and 

neuroscular structures. Arthrodesis, osteocarti-

laginous graft, prosthesis should be included in 

the methods of supply. If the tumor infiltrate the 

joint, the treatment is amputation. 

  

 

Photo: Osteosarcoma of the distal part of the femur 

 

Photo:implant of the distal part of the femur 

 

Photo: prosthesis of the distal part of the femur 

22. Intraarticular resection of the distal part 

of the femur with reconstruction using 

an endoprosthesis. 
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Photo: Osteosacoma of the tibia in an 18-year-old 
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Photo: After operation 

23. Resection of the proximal part of the 

tibia. In the proximal part of the tibia, 

the primary bone tumor is localized. 

This is the second most common 

location. 
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Resection of the distal part of the femur or the 

proximal part of the tibia and arthrodesis of the 

knee joint reserved for strong and young patients 

who should undergo intensive rehabilitation.  

24. Resection of the distal femur or the pro-

ximal tibia using a bone allograft with 

arthrodesis. 

 

Photo: distal tibia implant  

 

Photo: after the procedure of insertion of the implant of the distal part of the tibia 

25. Resection of the distal part of the fibula. 

26. Resection and arthrodesis of the ankle 

joint.  

Better results in the treatment of tumors of the 

distal end of the tibia are brought by post-knee 

amputation with secondary prosthesis than 

sparing treatment. 

ROTATIONAL PLASTIC 

Rotational plastic surgery is a method of recon-

structive surgery of the lower leg performed 

instead of a complete amputation of the limb. 

The method consists in filling the knee joint 

with an ankle joint. Rotational plastic surgery 

can allow patients to save part of their leg and 

engage in physical activity. 

Winkelmann specified in rotational plastics 5 

groups (Winkelmann WW., 2000). 

1 Group AI – The distal part of the femur, the 

knee joint and the proximal part of the tibia are 

removed and the lower leg is twisted 180 

degrees and then the femur connects to the tibia. 

2 Group AII – The distal part of the femur, the 

knee joint and the proximal part of the tibia are 

removed. Successively, the further part of the 

femur rotates with the distal part of the tibia.  

Group BI – the hip joint and the proximal part 

of the femur are removed, the limb rotated by 

180 degrees. Then the pelvis is connected to the 

distal part of the femur. Then the knee joint 

function is replaced by the hip joint and the 

ankle joint is replaced by the knee joint.  

Group BII – The lower part of the pelvic bone, 

the hip joint and the proximal part are excised, 

the limb rotates 180 degrees. Then the function 

of the knee joint is replaced by the function of 

the hip joint and the ankle joint is replaced by 

the knee joint.  

Group BIII – there is a resection of the entire 

femur, and the pelvis with the tibia is connected 

with an endoprosthesis. 

The program to improve the patient after rota-

tional plastic surgery should include preoperative, 

postoperative treatment (Kowalczyk, 2021).  
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When inserting a rotational prosthesis, it is 

necessary to increase the range of motion of the 

plantar flexion, because the ankle joint imitates 

the knee joint. 

SHORT COCLUSIONS  

It is still difficult to accurately locate and 

diagnose skeletal cancers. (Karamzade-Ziarati 

N., 2019). Doctors, however, prefer ordinary 

radiography to diagnose malignant bone tumors, 

but a clearly positive radiographic indicator of 

bone tumor malignancy may favor subsequent 

examinations, usually causing significant bone 

damage (Ferguson J.L., 2018). In the initial 

colonization of tumor, cancer cells and the bone 

marrow microenvironment synergistically re-

gulate tumor growth, mainly including osteoclast 

activation and slightly dissolving hydroxy-

apatite (Pang Y., 2020). When a bone-targeted 

probe was used as a diagnostic method, small 

changes in bone density could be clearly 

visualized, providing valuable information for 

early diagnosis (Slooter M.D., 2015). (Baljer 

B.C., 2020) also present the indistinguishable 

boundaries of bone tumors which force doctors 

to find a balance between reducing the per-

centage of positive margins and maintaining 

bone function (Baljer B.C., 2020). Currently, 

bone cancer is a big problem. Thanks to the 

progress of technology, it is possible to treat 

a large part of cancers of the skeletal system. 

The topic we have taken up describes the 

treatent options for individual cancers of the 

skeletal system. According to Simon, the choice 

between limb rescue and amputation should be 

chosen based on the individual needs of the 

patient and his family. 

1. Will the chosen method of 

treatment make the patient 

survive? 

2. The impact of short- and long-

term mortality in both cases? 

3. The impact of the function of 

a limb with a prosthesis or 

a spared limb? 

4. Are there psychosocial 

consequences of these 

surgeries? (Canale, Kush, 2013) 

PRINT 3D 

Printing biological materials and manufacturing 

with materials such as ceramics or plastic, even 

if these technologies seem to be completely 

different, but they have many related applica-

tions in these technologies. No other technology 

will adapt and adapt the structure to the comple-

xity of the patient's body, 3D – bio-printing 

covers the three main factors of treatment in 

oncology and the finding of new methods of 

oncological treatment: it helps in the diagnosis, 

in modeling and delivery and testing of drugs. 

The creation of an oncological model is 

a priority for an individual oncological treatment 

strategy and the discovery of new methods of 

fighting cancer. 3D bioprinting using human 

cells is much more popular compared to tradi-

tional 2D and 3D cell cultures produced using 

other tissue engineering methods. 

Tissue engineering involves growing cells, 

seeding them on biocompatable carriers, and 

enabling the growth and maturation of specific 

tissues (Gao G., 2016). 3D bioprinting is used 

for precise cell stratification, biological scaffol-

ding and biological agents. Compared with tra-

ditional tissue engineering methods, the tech-

nologies used by the 3D bioprinting scheme 

allow for greater precision in the spatial rela-

tions between individual fragments of the desired 

tissue. 3D bioprinting is very promising in the 

applications of regenerative medicine used in 

oncology and beyond. 

Adheal applications of 3D bioprinting give 

a chance to replace tissues. The most important 

feature of bioprinting compared to traditional 

tissue engineering strategies is the ability to 

influence the differentiation of stem cells at 

different stages of the creation of this process 

(Irvine S.A., 2016). In oncological orthopedics, 

3D bioprinted implants have found great appli-

cation (Wong K., 2015; Imanishi J., 2015). 

Wong and others they described a patient with 

cartilaginous cartilage in the front of the pelvis 

who was treated with a custom-made titanium 

monoblock pelvic implant. Imanishi and Choong 

(2015) described the case of a patient with stage 

2 calcaneal cartilage who underwent calcaneal 

bone replacement surgery with a titanium implant 

produced in 3D. Dong and others (2018) 

examined a patient who was treated using a 3D 

printed polyetherether-ether-concrete total scapula 

prosthesis with a diagnosis of a benign fibrous 

scapula tumor. 
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The author, (Jong Hoon P., 2021) described the 

case of a woman who had been experiencing 

shoulder pain for 3 months, which intensified 

during shoulder activation. On physical exami-

nation, there was no limited mobility in the 

shoulder joint, there was only pain during the 

external rotation of the shoulder joint in the 90° 

visiting position. X-rays showed an irregular 

shadow with bone lesion on the scapula, in the 

S1 region according to the Malawer classifi-

cation (Malawer MM., 91), computed tomo-

graphy and magnetic resonance imaging showed 

about 8.9 × 7.9 × 4.2 cm, heterogeneous, 

strengthening mass with internal calcifications 

in the left subscapular muscle with co-existing 

damage to the scapula. No abnormalities were 

observed with the humerus, ribs and thoracic 

vertebra. Positron emission tomography-CT 

showed a concentration of radioactivity in the 

left shoulder blade with abnormal mineral 

metabolism in the bones and the absence of 

distant metastases. As a result of the biopsy, the 

following were diagnosed: cartilage scapular 

cartilage, Malawer S1, Enniking II B, cartilage 

scabbard II degree. The doctor performed 

a wide resection of the localized cartilaginous 

cartilage within the subscapular lesion and 

resectioned the muscles around the scapula. 

A 3D printed segmented scapula prosthesis was 

inserted. The researchers found a significant 

improvement in shoulder function after surgery 

and 6 months after surgery using a 3D printed 

segmental prosthesis.  

Another example is pelvic surgery, which is 

complicated by its complex anatomy and the 

location of many neuroscular and visceral struc-

tures. The pelvis has a high contrast compared 

to the surrounding soft tissue on computed 

tomography scans, so it can be easily converted 

into 3D models for virtual surgical planning 

using computer-aided design (CAD) and 

computer-aided manufacturing techniques 

(Fang Ch., 2019). Surgical applications of three-

dimensional printing in the pelvis and aceta-

bulum: from models and tools to implants 

3D printing presents virtual 3D planning, 
allowing surgeons to have a tangible sense of 
models, real sizes (Boudissa M., 2018), 
(Cromenns BP., 2017) Hung CC., (2019), 
conducted a retrospective comparative study of 
30 patients using the above method and noted 
a reduction in surgery time of 70 minutes, 
a reduction in blood loss of 270 ml, fewer 
complications, and better radiological outcomes 
compared to conventional planning using CT 
images. A study conducted by Zhang (Zhang 
YD, 2018) of nine case-control studies invol-
ving 638 patients found that 3D printed bone 
models for planning surgical pelvic and 
acetabulum fracture resulted in a significant 
reduction in surgery time, blood loss compared 
to traditional imaging-based planning techniques. 
Other authors have also studied other cases of 
people with little difference in techniques and 
have shown positive benefits (Hung C.C., 2018; 
Shon H.C., 2018; Chen X., 2015) Chen X., 
(2017) explored a minimalist, positive, and 
negative 3D printed bone surface template. This 
is an intuitive approach to contouring a plate 
with implants located between two templates. 
The negative template has designed holes to 
guide the trajectory of the screws. In this study, 
14 corpses, 64 plates and 339 screws were 
placed without penetration of the hip joint. The 
described method is beneficial in minimizing 
the time and material costs devoted to 3D 
printing. 

The author (Kim JW., 2017) presented a tech-
nique in which each larger fracture shard is 
printed separately, and the reduction is evalu-
ated manually using tools to reduce the bones 
and glue them together. Landmarks and entry 
trajectories for interfracture screws are located 
using a simulated operation under fluoroscopy. 
Similarly, the researcher (Zeng C., 2016) pre-
sented 10 patients in whom fracture fragments 
are digitally reconstructed in software. Similarly, 
Hongging Z., in 2020, described a procedure to 
implant 3D printed vertebral bodies using 
robotic stereotactic radiotherapy in 14 patients. 

ROBOT DA VINCI 

Surgical procedures using the da Vinci robot are 
important in many medical fields. An important 
advantage of the da Vinci robot is its accuracy 
and precision, as well as the limitation of actions 
that are undesirable during the procedure. 
Natomast an unfavorable feature is the high 
price of the procedure. The first operation using 
the da Vinci robot took place in 2010 at the 

Provincial Specialist Hospital in Wrocław. 
Using surgical robots, the time of the procedure 
is shortened and a faster recovery of the patient 
is possible. An example of the surgery perfor-
med described according to the researchers, 
(Junqiang Yin., 2018), examined patients with 
benign sacral or presacral tumors who under-
went transperitoneal resection using the da 
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Vinci Si HD robotic surgical system. Robot-
assisted minimally invasive cross surgery can 
provide precise tissue dissecision under perfect 
view. This method is associated with minimal 
blood loss, fewer injuries and short hospitali-
zation. It is especially suitable for precross 
benign tumors. Resear-chers found that it is 
possible to use the da Vinci surgical system in 
the treatment of cross tumors, especially 
precillary benign tumors Robotics techniques 
have beneficial and promising applications in 
orthopedic surgery, is a complex and deman-
ding method that is involved in research, from 
design to clinical application. In recent years, 
robotics has gradually improved and spread, and 
more surgical robots have received approval 
from the Food and Drug Administration for use 
in clinical practice (D'Souza M., 2019) Some 
studies have shown that the robotic method is 
more accurate in placing orthopedic implants 
compared to traditional techniques. The benefit 
is less intraoperative radiation exposure, as well 
as postoperative bleeding and pain, and has 
a better prognosis (Bargar WL., 2018; Song 
EK., 2011) 

The surge in surgical robotics in orthopedics 
occurred after 2014, particularly in the countries 
of the United States, China, and the United 
Kingdom (Cheng Li., 2021). Reducing the 
incidence of surgical complications and striving 

for better and better surgical results has become 
a major focus of interest and much research in 
the field of robotics and postoperative imaging. 
The principles of minimally invasive surgery 
(MIS) – that is, achieving better surgical results 
with reduced morbidity – have found recog-
nition among doctors and patients. The main 
advantages of the robot – precision, repeat-
ability of repetitive tasks, durability and lack of 
fatigue – make robotics an attractive choice 
(Zamorano L., 2004)  

Robotics has found application in the practice of 

various subspecializations of ortho-pedists – 

starting with the use of ROBODOC® 

(Integrated Surgical Systems, CA) in cement-

free total hip alloplasty (THA) (Paul H.A., 92). 

As shown in clinical trials, robotic surgery 

improves: implant placement, frontal plane 

alignment, accurate tibial inclination in total 

knee arthroplasty (TKA) or single-compartment 

knee arthroplasty (UKA) is designed to improve 

the fit of the femoral component, discrepancies 

in limb length and valgus-valgus of axis 

orientation in THA (Lonner J.H., 2010) Robotic 

surgery has also been studied through experi-

mental studies and studies of corpses in other 

orthopedic subspecifics, such as orthopedic 

trauma, hip arthroscopy, and shoulder arthro-

scopy (Oszwald M., 2010). 

MINIMAL INVASIVE SURGICAL STRATEGIES FOR SPINAL TUMORS 

Surgical techniques and minimally invasive equip-

ment have a major impact on spine surgery. 

Initially, they were popular only in degenerative 

surgery of spinal disease and injuries, but these 

methods were also used in tumor surgery. In the 

case of patients with benign bone tumors, by 

minimizing damage to muscles and skeletal 

system elements, it can reduce the risk of 

chronic pain and avoid iatrogenic instability. In 

contrast, patients with malignant tumors of the 

Spine, through the lack of delays in systemic 

therapy and radiotherapy, may cause a greater 

role in accelerating the return home and 

continuing cancer treatment. Minimal invasive 

surgical strategies have an impact on reducing 

the ripping of soft tkeneks, which affects faster 

healing and creates the possibility of a faster 

return to postoperative therapy. 

The main indications for surgery in patients 

with spinal cancers are tumor control, decom-

pression of the spinal cord and restoration of the 

mechanical stability of the spine segment. 

Minimally invasive surgery in spinal tumors 

involves minimal access through percutaneous 

instrumentation (tubular and expandable 

retractors) introduced by muscle access and 

a neuroscience technique. Oncological surgery 

through robot-assisted endoscopy gives hope to 

patients for a faster recovery after treatment 

(Barzilai O., 2020).  

ADJUVANT THERAPY 

It is a type of treatment, complementary to the 

basic treatment, which is most often resection. 

The basic form of treatment is the use of che-

motherapy, followed by hormone therapy and 

radiation therapy (PWN, 2013). The surgeon 

performs the elimination of microchases, the 

elimination of local resumption and the 

observation of distant metastases. Thanks to  

the comprehensively conducted therapy, the 

chance of recovery in the patient increases. 

After removal of the tumor, favorable condi-

tions for the action of chemotherapy appear 

(Vincent T., 2008). In a study conducted by the 

investigator (Rolf D., 2018), which included 
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329 eligible patients with localized high-risk 

soft tissue sarcoma, survival in patients was 

significantly improved by adding regional hyper-

thermia to neoadjuvant chemotherapy with an 

absolute difference at 5 years and at 10 years 

compared with neoadjuvant chemotherapy 

alone. 

Neoadjuvant therapy is a systemic treatment 
of tumors preceding primary treatment. In 
neoadjuvant therapy, preoperative chemotherapy, 
hormone therapy are used, but less often radio-
therapy. Therapy involves the elimination of 
microchases that worsen further treatment 
(PWN, 2013). Neodjuvant treatment, by reducing 
tumor size and infiltration on structures, may 
reduce the qualification of advanced cancer and 
indicate changes in the TNM classification 
(Vincent T., 2008). After the use of adjuvant 
chemotherapy, tumors of significant size, tumors 
with a significant degree of malignancy and 
tumors located in the limb are features of the 

tumor that, to some extent, are beneficial for 
overall survival. The most important prognostic 
factors in retroperitoneal space sarcomas are 
gender, stage, histology, and the extent of 
surgical resection (Anaya DA., 2009) despite 
advances in surgical resection, neoadjuvant or 
adjuvant radiotherapy and adjuvant chemothe-
rapy. Over the past 20 years, the overall prog-
nosis for soft tissue sarcomas has not changed, 
and the 5-year overall survival for stage III soft 
tissue sarcomas is still ~50% (Weitz J., 2008). 
To improve this result, new strategies or techni-
ques are needed. One possible methodology is 
the use of neoadjuvant chemotherapy. The 
benefit of this therapy is multifaceted. First, it 
can help shrink the tumor and improve limb 
rescue rates after primary surgical resection, in 
addition, neoadjuvant therapy leads to a s Ano-
ther benefit of neoadjuvant therapy is to improve 
the rate of realization of negative margins of 
surgical resection (Oszwald M., 2010). 

CONCLUSIONS 

The presented methods of cancer treatment are 
based on classic surgical procedures based on 
tumor resection in the margin of healthy tissues. 
Over time, prosthesis is modified, supplying the 
treated parts of the musculoskeletal system. The 
chapter presents original photos of prosthetic 
parts of the skeletal system and includes modern 
solutions for supplying cancer of specific joints. 

The article attempts to consolidate innovative 
methods such as m.in. 3D print, treatment using 
the DaVinci robot, minimal invasive strategies 
for the treatment of spinal cancer. 

Thank you to Implancast for sharing the photos. 
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