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Abstract. The treatment of malignant bone tumors has been maturely developed, while neo-adjuvant
chemotherapy and wide resection have been widely promoted. Limb salvage technique has become a
classical method to treat the malignant bone tumors of extremities. Domestic treatment of bone
tumors has made much progress during the past 20 years. In the paper, the concept of neo-adjuvant
chemotherapy, wide resection principles and methods are mainly discussed, and the possible
problems are expounded.

1. Introduction

The treatment of malignant bone tumors has been maturely developed, while neo-adjuvant
chemotherapy and wide resection have been widely promoted. Limb salvage technique has become a
classical method to treat the malignant bone tumors of extremities. Neo-adjuvant chemotherapy can
eliminate the micro metastasis and shrink the primary tumors in the early stage, which benefits the
subsequent limb salvage treatment, and provides the information on in vivo chemotherapy sensitivity
test by evaluating the reaction of tumors to chemotherapy. The treatment of malignant bone tumors is
provided to not only improve the survival rate of patients, but also maintain the good limb function.
Limb salvage surgery should first prevent local recurrence, and then maintain as many functions as
possible. In the past 20 years, China has made great progresses in the treatment of bone tumors, and
extensively promoted the concept of neo-adjuvant chemotherapy and the principles and methods of
wide resection, which improves the survival rate of patients with malignant bone tumors significantly.
As chemotherapy can reduce the surgical margin of tumor, wide excitation can be implemented on
this basis to realize optimal margin resection, which not only keeps the extremities that still function,
but also achieves the radical cure for local tumor. The key to this treatment is the selection of suitable
surgical margin.

2. Chemotherapy

In the past 20 years, the treatment of malignant bone tumors has been greatly improved, which
must be significantly attributed to the introduction and gradual bettering of chemotherapy, especially
the application of neo-adjuvant chemotherapy. Before chemotherapy was introduced to treat the
malignant bone tumors represented by osteosarcoma and Ewing’s sarcoma, the common treatments
were amputation or local wide resection and sufficient radiation therapy, which often caused the
lifelong disability of patients, the survival rate of less than 20%, as well as very high recurrence rate.
After adjuvant chemotherapy was added in the treatment, the prognosis of patients could be improved
substantially.

Adjuvant chemotherapy normally means to use anti-tumor drugs after controlling the local tumor
surgically for treating the micro lesions that may move to lungs, skeleton, lymph and other positions.
As proved in extensive clinical practices, adjuvant chemotherapy is very effective for osteosarcoma
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and Ewing’s sarcoma, and improves the 5-year survival rate significantly [1]. In the 1970s, the
appearance of pre-operative chemotherapy could be regarded as another significant progress of
chemotherapy, and it was later named neo-adjuvant chemotherapy. After that, chemotherapy could be
also used to improve the limb salvage rate besides improving the survival rate of patients and
lowering the local recurrence rate and metastasis rate. Rosen et al. [2-3] pointed out that neo-adjuvant
chemotherapy is not a simple model of “preoperative chemotherapy + surgery + postoperative
chemotherapy”, but includes the overall assessment of patients and tumors after preoperative
chemotherapy, which means to pay attention to whether the pain is alleviated, how much the mass
shrinks, whether the lesion margin becomes clear in the medical imaging, whether osteoscherosis is
worsened, and whether the new vessels of tumor decrease. After preoperative chemotherapy, the
sample resected in the surgery is used for pathological classification. When patients have the tumor
cell necrosis rate higher than 90% after chemotherapy, their 5-year survival rate will be up to
80%-90%. When patients have the tumor cell necrosis rate lower than 90%, their survival rate will be
lower than 60% [4-7]. Hence, the postoperative chemotherapy scheme should be adjusted if the
second condition occurs.

3. Surgical Staging (Enneking Staging) of Musculoskeletal Tumor

To select the surgery under the same medical parameters and compare their results, a surgical
staging system should be used to improve the assessment of risk level and facilitate the information
exchange and collaboration. A system was officially put forth by Enneking [7] in 1986, i.e. grade (G),
tumor (T), and metastasis (M). Grade can be divided into low grade (G1) and high grade (G2), while
tumors are classified into intra-compartmental (T1) and extra-compartmental (T2). The
intra-compartmental tumors exist inside osseous tissues.

The staging system includes grade (G), site (T) and presence of local or distant metastases (M).
The grade reflects the biological behavior and the degree of invasiveness, and indicates the risk of
increasing extracapsular extension, the formation of satellite lesions, and the presence of regional and
distant metastases, which can reveal the local recurrence and metastasis after surgery. The grade is
determined on the basis of histological pattern, medical imaging representation, clinical course,
biochemical test and quantitative histological examination. By using these data, pathological changes
can be classified not GO-benign, G1-low grade malignant, and G2-high grade malignant. In terms of
histology and radiology, benign pathological changes are well differentiated, free of transformed cells
or nucleus division phase, intracapsular, without peripheral reaction area, subject to blunt pressure
during growth, and rarely damaging natural barrier. Some highly invasive pathological changes may
penetrate the capsule and invade the extracapsular tissues, but there are not satellite lesions, regional
skip metastases or distant hematogenous or lymphatic metastases.

Staging aims to reveal the relative risk of different surgeries for a pathological change, and is not
limited to offering a specific scheme for a type of tumor a patient has. Hence, it should take into
account the age, gender, expectation and lifestyle of the patient, the purpose of the surgery, the skills
and experience of the surgeon, and what adjuvant therapy is available to the patient, etc. The
recurrence rate depends on the margin of surgery instead of local resection or amputation. At some
dissection positions, it is easier to obtain the required margin. For instance, the recurrence rate after
surgery at the upper thigh is twice higher than that at the lower thigh, while the recurrence rate on the
palm side of forearm is twice greater than that at the back side of forearm.

4. Limb Salvage Treatment

The development of limb salvage treatment has been greatly promoted by the development of
effective chemotherapy as well as the improvement of imaging technology and reconstruction
technology. Limb salvage treatment follows the principle that local recurrence rate should not
increase significantly compared with amputation. Whether tumor can be entirely resected with
extensive surgical margin is crucial to local recurrence control, so surgical staging and determination
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of surgical margin are of great significant to preoperative plan and during surgery. Multi-center
research has proved that limb salvage treatment causes only a small increase of local recurrence rate,
and does not affect the overall survival rate of patients. The difference between survival rate of
patients receiving limb salvage treatment and radical surgery is not statistically meaningful.

4.1 Resection Principle

As chemotherapy can narrow the surgical margin of tumors, wide resection can be implemented on
this basis, i.e. optimal margin resection, which can not only keep the extremities that still function, but
also achieves the radical cure for local tumor. The basic requirement of limb salvage treatment is the
en bloc resection of tumor. In principle, a layer of normal tissue is kept in all directions of tumor, so
this resection is generally regarded as wide resection, but it may be also performed in the form of
marginal resection in some cases, especially between tumor and neuron or vessel. To prevent any
leftover of tumor tissue and intra-operative spread, the resected tissues should, in principle, include
tumor and its peripheral normal soft tissues as well as soft tissues around incision for biopsy. In other
words, surgery is performed inside normal tissues to keep surgical devices from direct contract with
tumor. Bone resection level should be 3-5cm away from both ends of osteosarcoma, and the level can
be determined on the basis of X-ray film, CT and MRI scanning.

Along with the progress of surgical technology, reconstruction materials and adjuvant treatments,
some patients may receive the limb salvage treatment, which not only reconstructs the limb surgically,
but also resects enough margin. During the process of reconstruction, it is often necessary to prepare
large bone graft, internally-fixed prosthesis, or composite biological or artificial material. However,
there is not perfect way of reconstruction available yet, and every existing treatment has its
advantages and disadvantages. At present, osteoarticular allografting or reconstruction after
inactivated bone replantation is often practiced. The treatment belongs to biological reconstruction,
but allografting is subject to very high occurrence rate of postoperative complications, and inactivated
tumor bone replantation causes very high local recurrence rate. Thanks to the improved curative rate
of osteosarcoma, most patients can live for another 5 years and even a longer time, which requires a
way of reconstruction for long-term use. Successful arthrodesis can realize the joint fusion with good
stability and durability after joint resection, but it takes a longer time to heal, and is often unable to
satisfy patients’ needs for functions.

4.2 Bone Allografting

Large bone allograft has been widely applied in large reconstruction treatment. Large bone bank
offers the bone allograft of different models and sizes. These bone grafts allow the attachment of soft
tissues to retain the function of muscles and maintain the stability of joints. Bone grafts can provide
the regeneration skeleton for living tissues. What is more important, they can make all normal
connecting tissues (including living bones, cartilages, tendons and ligaments) full of matrixes to
maintain the integrated structure of tissues. The main problems of bone allograft include fracture,
nonunion, and infection [8]. The overall occurrence rate of fracture is around 16%-19%, while more
than 75% of patients can be treated with internal fixation or bone grafting after fracture. The bone
graft is incorporated to host bone more slowly than the incorporation between normal bones. The
occurrence rate of bone graft nonunion is around 17%, and it is impossible to identify normal union,
delayed union and nonunion. Among them, half of the patients experience union after bone grafting or
other treatment. The occurrence rate of infection is 6%-13%. As graft contains no blood vessel, it is
very difficult to radically eliminate the infection, so most patients have to take out their grafts. In this
case, the infection of large pelvic grafts happens more often. The occurrence rate of infection can be
reduced by placing the muscles and soft tissues with good blood supply around the graft, especially at
any position with thin skin, e.g. proximal tibia. The acrylic cement soaked with antibiotics can be used
to lower the occurrence rate of infection, and slow down the resorption of bone.

4.3 Bone Autografting

Autograft can prevent the occurrence of immune reaction and the spread of infectious diseases, but
it is not used so extensively as allograft to treat large bone defects. Autogenous bones should be
gathered by using a separate set of devices and gloves, and the bone gathering area should be not be
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contaminated by tumor. The commonest bone gathering area is the cancellous bone of ilium, which
was often used to stimulate the formation of new bone and facilitate the healing of fracture in the past.
The infection rate of autograft is lower than that of large non-vascularized graft. Vascularized
autograft can be used in local grafting or free grafting. The commonest free grafting is free
vasculafized fibular grafting. Due to the existence of blood supply, vascularized graft has some
advantages theoretically, e.g. less possibility of infection, less fatigue damage, and possible repair of
hyperplasia.
4.4 Inactivated Replantation

If a tumor does not cause severe bone damage, the bone section with tumor can be resected and
inactivated, and then put back into the defective position. The implantation of inactivated bone is the
main method for reconstruction in some countries that have no large bone bank and whose
internally-fixed prosthesis is relatively expensive. Inactivated bone also has some value for use even
in developed countries as it may be greatly suitable in terms of immunity and structure. To use such
kind of bone, inactivation must be carried out strictly by exposing it to high temperature for a long
time, freezing it in liquefied nitrogen repeatedly, and placed it under extensive radioactive rays. When
inactivation kills all the tumor cells, it may lower the quality of graft to different degrees. For instance,
freezing in liquefied nitrogen may reduce the mechanical strength of bone significantly, and inactivate
bone morphogenetic proteins. At present, the commonest method for inactivation in Japan and South
Korea, etc. is the so-called pasteurization process, which immerses bone in salt water of around 60°C
for 30min. It is reported that this process can retain the bone morphogenetic protein while inactivating
the tumor bone.
4.5 Artificial Prosthesis Replacement

After tumor resection, the reconstruction of skeleton often requires large bone graft,
internally-fixed prosthesis, or composite biological or artificial material. At present, the artificial
prosthesis reconstruction method for large bone defects after malignant bone tumor has been widely
accepted, and the reconstruction with metallic prosthesis has been practiced in more and more cases.
Compared with other reconstruction methods, the reconstruction with metallic prosthesis has the
following advantages: durable internal fixation, good stability immediately after surgery, good
short-term and long-term functional prognosis, and good motion of joints after surgery. The most
important advantage is the lower occurrence rate of postoperative complications than allograft bone
reconstruction. The use of internally-fixed prosthesis in joints is advantageous as the stability of
skeletal muscles and the motion of joints can be immediately restored without bone nonunion, and
patients can move extremities without waiting for osteoporotic healing, which is very important to the
patients with a short survival period. Like allograft, internally-fixed prosthesis replacement is
accompanied by lots of complications [9-1I]. The occurrence rate of infection is 2%-9%, and it is often
necessary to take out the prosthesis. The occurrence rate of infection varies in different dissection
areas, and is the highest at proximal tibia (due to the fewest soft tissues). The muscle flap of
gastrocnemius should be used as much as possible to transplant the prosthesis covering tibia, so as to
reduce the occurrence rate of infection. Prosthesis replantation often leads to deep infection, so it is
necessary to perform surgical debridement, place the acrylic cement temporarily soaked with
antibiotics, and use venous antibiotics, etc. The failure of prosthesis is mainly caused by aseptic
loosening, which is a specific issue of internally-fixed prosthesis [12-13] and a major complication of
prosthesis reconstruction. As reported in references, the occurrence rate of aseptic loosening is 0-56%,
and related to the position of prosthesis. On the whole, the prosthesis of proximal tibia has the highest
failure rate, while the prosthesis of proximal femur has the best prognosis [14-15]. The design and
fixation of prosthesis can be improved to reduce the rate of loosening. For instance, the occurrence
rate of aseptic loosening can be effectively reduced by selecting cement stem, and designing
hydroxyapatite (HA) coating at the collar of prosthesis connected to bone. Bone grafting at the
connection between host bone and prosthesis can promote the formation of extracortical bone bridge,
which can prevent the fragments of prosthesis from entering the bone lining interface, so as to prevent
aseptic loosening. Additionally, children suffer from aseptic loosening more often than grownups. At
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present, some scholars believe that aseptic loosening is the process causing the complications of
prosthesis instead of its result, and lack of active treatment for aseptic loosening will inevitably result
in lining wear, broken prosthesis and other mechanical complications. A prosthesis featured by
reduced stress can have an improved service life. Conventional prosthesis allows the motion of joint
facing a direction only, so its stem is under heavy pressure, and often loosened. The new-style
prosthesis with rotating hinge can move in all directions, so it is subject to uniform stress.

5. Existing Problems

Misdiagnosis and mistherapy is a very serious problem for two reasons: 1. the incidence of bone
and soft tissue tumors is lower, so some surgeons do not pay much attention to these tumors, and lack
the experience in their clinical diagnosis and therapy; 2. clinical practice does not follow the existing
standards for diagnosis and therapy. Misdiagnosis and mistherapy may cause the following hazards:
the curettage inside lesions is performed by regarding malignant tumor as benign tumor, which causes
local contamination and spread of tumor. This makes it very difficult to achieve local wide resection
in another surgery, and significantly lowers the possibility of cure for patients, so the patients may
have to suffer from cruel amputation.

Wide resection of malignant bone tumor has two meanings, i.e. understanding about the concept of
wide resection, and specific operation of wide resection. As different surgeons may have different
operational skills, wide resection will lead to different results. According to the requirements of the
International Society of Limb Salvage (ISOLS), the local recurrence rate of limb salvage treatment
should be controlled to be lower than 8%, so limb salvage treatment should be practiced by surgeons
skilled in wide resection. Moreover, the scope of resection in the surgery may be insufficient as the
importance of safe margin concept, surgical staging and surgical margin is not sufficiently addressed
in the preoperational plan.

The existing problems of chemotherapy include nonstandard preoperative chemotherapy and
postoperative chemotherapy. The most significant role of preoperative chemotherapy is to provide the
in vivo test for the effectiveness of chemotherapeutic drugs to tumors. After surgical resection, the
necrosis rate of tumor is examined. Any patients with higher necrosis rate will enjoy 5-year survival
rate. If patients have poor reaction during chemotherapy, it is recommended to change the
chemotherapeutic drugs. Nonstandard medication is mainly reflected in insufficient dosing. Most
doctors responsible for chemotherapy are not specialized in bone tumors, so they are not familiar with
the toxicity and pharmacological process of drug, and use insufficient dosing for safety. For this
reason, chemotherapy cannot achieve the desired effect, lowering the survival rate of patients.

The methods for joint reconstruction after tumor resection have their advantages and
disadvantages. The reconstruction with bone and joint graft belongs to biological reconstruction, but
bone allografting often results in postoperative complications. Additionally, most patients with
malignant bone tumors need effective postoperative chemotherapy, so the functions should be
restored as early as possible while implementing the reconstruction treatment. At present, the
reconstruction with metallic artificial prosthesis for large bone defects after malignant bone tumor
resection has been a widely recognized method. Most Chinese doctors of orthopedics are not very
familiar with the operative skills and joint characteristics in the tumor-induced artificial joint
replacement, including replacement position, way of prosthesis fixation, postoperative complications
and prosthesis survival period, which causes such problems as high occurrence rate of operative
complications and short prosthesis survival period. Therefore, it is very essential to encourage more
Chinese doctors of orthopedics to learn the operative skills and relevant professional knowledge
about tumor-induced artificial joint replacement.
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