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Introduction 
Survival rates following all childhood cancers have increased significantly over the past 
decades [1,2]. This improvement has also been observed in children with malignant bone 
tumours, although overall survival rates remain lower than those for child cancer generally 
[2]. The improved survival is due to a number of factors, including better imaging methods 
for defining tumour extent and responses on pre-operative treatment, the introduction of 
multi-agent chemotherapy since the 1970s, and new surgical techniques concerning both 
limb-salvage and limb ablation surgery [3]. In addition, aggressive surgical approaches for 
metastatic disease contribute to the better survival. 

The contemporary highly intensive treatment approaches and the better survival after 
malignant bone tumours in children and adolescents have stressed the need to further 
investigate the patients’ quality of life (QoL) [3,4]. This does not only pertain to QoL 
during the intensive treatment periods, but also to the longer term. The ultimate aim of the 
treatment will not only be the instantaneous cure but also long term survival, including the 
side effects related to the treatment.

Epidemiology of malignant bone tumours in children and adolescents
In Europe, primary malignant bone tumours account for approximately 3-5% of all cancers 
in children younger than 15 years and 7-8% of those in adolescents aged 15-19 years [1,2]. 
This is equivalent to an average annual incidence of 8-9 per million children under the age 
of 20. The great majority of malignant bone tumours occurring in young people under the 
age of 20 years are osteosarcoma and Ewing’s sarcoma [2].

Osteosarcoma is the most frequent primary malignant bone tumour, accounting for 
52% of all cases.  Ewing’s sarcoma is the second group of primary malignant bone tumours, 
which accounts for 34% of all malignant bone tumours in the younger age group, whereas 
chondrosarcoma is very rare (6% of all bone malignancies) in patients younger than 18 
years. Other specified and unspecified bone tumours account for 4% each of all primary 
malignant bone tumours in children and adolescents. 

The incidence of osteosarcoma and Ewing’s sarcoma reaches a peak in late childhood 
and adolescence, around the age of 15, followed by a decline until the age of 30, after which 
age the incidence remains relatively low and similar in all age groups. Ewing’s sarcoma is 
more frequent than osteosarcoma in children under 10 years of age. Although the highest 
incidence of primary malignant bone tumours occurs at the growth spurt, no explanation 
has been found yet for the remarkable distribution of incidence of these malignancies. 

The largest proportion of each of these bone tumours occurs in the long bones of the 
lower extremity, although this site shows a much greater proportion for osteosarcoma 
(58%) than for Ewing’s sarcoma (31%). For osteosarcoma, the next most common general 
sites are the long bones of the upper extremity (12%) and pelvic bone (10%). For Ewing’s 
sarcoma, the next most common sites are the pelvic bone (25%), the long bones of the upper 
extremity (13%) followed by the rib/sternum/clavicle (11%) and the vertebral column (9%). 
All other sites of sarcoma occurrence represent less than 10% of each type of sarcoma cases 
[5]. Similar to developments in other forms of paediatric cancer the 1975-84 5 year survival 
rate of 49% increased to 63% during the years 1985-94 [6].
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Management of malignant bone tumours in children and adolescents
The current model of care for children with bone cancer includes chemotherapy in 
combination with surgery [3,7-10], and for Ewing’s sarcoma often in combination with 
radiotherapy. Treatment with these modalities is dependent of tumour type and extension 
of the malignant disease. Contemporary protocols include chemotherapy before surgery in 
order to reduce micro-metastatic disease. This has the advantage of reducing the extent of 
the primary tumour. After surgery the patients will continue chemotherapy, depending on 
the histological response of the tumour. This so-called neo-adjuvant approach has enabled 
limb-salvage surgery, because marginal excision of the primary tumour is possible with 
less risk of local recurrences. With this combined treatment of chemotherapy and surgery 
complete excision of the tumour is absolutely required for cure of patients. The chances 
of curing patients with irresectable tumours are low, particularly in osteosarcoma. In 
patients with Ewing’s sarcoma additional radiotherapy may be of value. The reason for this 
is that Ewing sarcoma is sensitive to radiotherapy, whereas osteosarcoma is not. However, 
radiotherapy for bone tumours in young children is a problem, because of the potential 
serious side effects on the immature skeletal and muscle tissues. Treatment of metastatic 
or recurrent bone tumours is a problem because the wide-spread tumour deposits can 
seldom all be surgically removed and the other treatment modalities, chemotherapy or 
radiotherapy, are of limited value [9]. 

Figure 1. Distribution of osteosarcoma and 
Ewing’s sarcoma (Based on Damron TA: National 
Cancer Data Base Report) [5]
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In addition, given the severity of the disease and the intensive and radical medical 
treatment and any possible complications, patients and their parents need support by a 
multidisciplinary team, consisting of: medical specialists such as the oncologist, orthopaedic 
surgeon, pathologist and rehabilitation specialist. Moreover, the often require care from 
other professionals such as a specialist nurse, psychologist, social worker, play therapist or 
physical therapist. 

Chemotherapy
It was not until the 1970s and 1980s that effective multimodal treatment altered the 
prognosis of osteosarcoma and Ewing’s sarcoma, which historically had been between 
10-20% after surgery only. Currently, the chemotherapeutical treatment consist of a 
combination of several chemotherapeutic agents following international treatment 
protocols like: the EURAMOS-1 protocol (European and American Osteosarcoma Study 
Group) with high-dose methotrexate, adriamycin, cisplatin with or without ifosfamide 
in patients with osteosarcoma [7] (www.euramos.org). Patients with Ewing’s sarcoma are 
treated according to the EURO-Ewing-99 (European Ewing tumour Working Initiative 
of National Groups) protocol, using vincristine, ifosfamide, doxorubicin, etoposide and 
actinomycin as cytostatic drugs [8,10-12]. 

Surgical intervention
Before the 70s surgery was the only treatment available. At that time, the surgical 
intervention in patients without pulmonary metastases consisted of amputation of the 
affected extremity. In parallel with the availability of chemotherapy and supported by novel 
imaging methods for defining tumour extent, new surgical techniques for preserving the 
extremity were developed [3-13,14]. These surgical techniques can be divided into ablative 
and limb-sparing surgery. 

Ablative surgery

Amputation 
Amputations are now generally applied in patients who have tumours for which achieving 
a wide excision is not possible without essentially creating an amputation or tumours for 
which a reconstruction with a prosthesis or allograft will give too fragile results. There 
are four main types of amputation for the treatment of lower-extremity malignant bone 
tumours: hip disarticulation, transfemoral amputation (above-the-knee amputation), knee 
disarticulation and transtibial amputation (below-the-knee amputation). The majority of 
amputations are transfemoral, given the predilection of bone tumours for the distal femur. 

Rotationplasty
Rotationplasty is considered a method of amputation because it involves ablation of the 
tumour and surrounding tissue without reconstruction to fill the skeletal defect created 
[15-16]. Rotationplasty can be particularly useful in patients with remaining growth 
potential whose tumours are located in the proximal or distal femur or proximal tibia. 
In this procedure, the tumour is removed while the neurovascular bundle and the distal 
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portion of the tibia and foot are maintained. The tibia and foot are rotated 180 degrees, 
and then attached to the remaining proximal femur so that the ankle is at the height of the 
contra-lateral knee. To accomplish this in a skeletally immature child, the proximal femur 
and distal tibia’s lengths are adjusted thus at the end of skeletal growth, the ankle is at the 
appropriate level with the contra-lateral knee [16]. 

Rotationplasty has many benefits, including a functional “knee” joint, stable 
reconstruction, an almost normal gait pattern [17], less energy consumption, and 
potentially fewer future surgeries. The major disadvantage is the appearance of the resulting 
reconstruction, which can be cosmetically unappealing, especially to adolescents and 
females. These negative aspects can be overshadowed by the improved function provided 
by rotationplasty, but they should not be taken lightly [13]. 

Limb-salvage surgery
There are two key goals that must be accomplished by limb-sparing surgical resection 
and reconstruction: (1) limb salvage must still provide a satisfactorily wide excision of 
the bone tumour, and (2) the reconstructed extremity must be at least as functional as 
an ablative procedure and prosthesis. Surgical techniques used to repair skeletal defects 
that follow limb-sparing tumour resections include intercalary allografting, endoprosthetic 
arthroplasty, and composite allograft/prosthesis arthroplasty [13,18-20].

As with amputations, special consideration must be given to children [21,22]. Children 
are more active and have an expected life span that is greater than the life span of most 
adult patients who receive an endoprosthetic implants or bone graft. These factors can lead 
to further surgeries in the future. Children who are skeletally immature with at least 4 to 
5 cm of growth potential (corresponding to a bone age of 12 in boys and 10 in girls) may 

Figure 2. Rotationplasty
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require a prosthetic device capable of expanding in length to avoid serious limb-length 
discrepancies.

The descriptions in the following paragraphs include a general overview of the types of 
limb-sparing reconstructions available for the lower extremity. The type used depends on 
the site of the tumour, age of the patient, prognosis, and the orthopaedic surgeon’s skills 
and preferences. 

Intercalary allograft bone
When malignancies involve segments of the long bone without the involvement of the joint, 
this segment of bone can be replaced by either autogeneous bone (hip or fibula) or allograft 
bone (from deceased donors) [13,18-20]. The grafted intercalary bone is then incorporated 
over time within the adjacent native bone. Immediately after surgery, the limb is protected for 
at least 2 to 3 months. Protracted periods of non-weight bearing and bracing or casting may 
be needed to achieve bone healing (engraftment). Major complications associated with the use 
of large segment allografts include non-union, infection, and fracture [18]. Infection has been 
the most serious complication and may require removal of the allograft and prolonged use of 
antibiotics. Non-union refers to the absence of osseous healing, generally after a period of 1 
year. This can be treated by additional grafting of autogeneous bone (or vascularised fibula) 
to the site of non-union. Although there seems to be a high incidence of complications, the 
overall allograft survival is good (60% to 80%) and can be stable for a prolonged period of time. 

Figure 3. Intercalary allograft 
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Endoprosthetic implants
Endoprosthetic arthroplasty involves resection of the entire segment of bone involving the 
tumour and placement of a metallic implant that is used to replace both the bone and 
joint. It is most commonly used to treat tumours of the distal femur. The major benefits 
of an endoprosthetic implant include ease of postoperative rehabilitation, a stable joint, 
immediate weight bearing, and rapid functional use of the extremity. Common causes 
of prosthesis failure include infection, aseptic loosening, and bone resorption and peri-
prosthetic fracturing. The survival of the prosthesis progressively decreases over time to 
approximately 50% to 80% at 5 to 10 years and is related to the length of time since surgery, 
site of reconstruction, and amount of bone resection. 

Children with considerable growth potential (> 4 to 5cm) are difficult to treat with 
traditional limb-sparing techniques because of continued growth of the unaffected limb and 
resulting limb-length discrepancy. They were historically treated with either amputation 
or a rotationplasty. However, with the growing population of survivors of paediatric 
lower-extremity tumours, the development of expanding endoprosthetic implants became 
necessary [22-24]. 

The implant has a mechanism for “active growth” to accommodate for growth of the 
unaffected leg. The goal of an expandable implant is lengthening and providing growth of 
the supporting structures of the affected limb while providing ambulation for the child until 
the implant requires replacement, which would occur hopefully after the child has reached 
adult height. 

Rehabilitation
The goal of cancer rehabilitation is to improve quality of life by minimizing the limitations 
in daily activities and participation caused by the disease and its associated treatments 
[26,27]. Rehabilitation for individuals with bone tumours depends on the localization 

Figure 4. Endoprosthetic implant.
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Figure 5. Expanding endoprosthetic implant.

of the tumour and whether limb-salvage or ablative surgery is done. If limb-salvage 
surgery has been performed, rehabilitation includes physical therapy aimed to maintain 
or recover range of motion, strength, weight bearing and functional mobility. After 
ablative surgery, therapeutic actions to improve range of motion, muscular function and 
stability of the remaining joints, fitting of prosthesis and training of daily activities with 
and without the assistance of an artificial limb have the priority (www.mdguidelines.com/
bone-tumors-benign-and-malignant). 

In general, the aim of rehabilitation is to achieve these goals as soon as possible after 
the intervention. However, especially after limb-salvage surgery with reconstruction of the 
extremity with allograft or autograft, the extremity remains fragile for a prolonged period.

In addition, due to the surgical and chemotherapeutical treatment, patients are at risk 
of numerous secondary complications such as decreased joint range of motion, decreased 
muscle strength, poor motor control, limb-length discrepancy, and musculoskeletal/
neuropathic pain and infection, all of which may affect daily activities as well as quality of 
life [26,28]. 

Ideally, each patient and his or her parents are accompanied by an multidisciplinary 
team consisting of an (orthopaedic) surgeon, oncologist, paediatrician, rehabilitation 
specialist, nursing staff, physical therapist, social worker and psychologist [29]. Cooperation, 
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teamwork and communication among members of the team are necessary to the success of 
postoperative rehabilitation of paediatric/adolescent and young adult patients [30]. 

An important professional in this rehabilitation process is the physical therapist. The 
physical therapist is closely involved in the preoperative preparation, treatment of the 
consequences of the surgical intervention and the physical and functional rehabilitation. 
A physical therapist involved in the rehabilitation of children and adolescents after bone 
tumour surgery has experience in care for cancer patients and needs a special empathy for 
this group of patients and their parents. Furthermore, the physical therapist should have 
thorough knowledge about the various surgical interventions in patients with bone cancer, 
and must be capable to plan a custom made rehabilitation plan for the patient. Finally he 
or she should be able to transfer knowledge and experience and communicate the results 
of the multidisciplinary outpatient visits to the physical therapy colleagues who treat the 
patients in their home environments or other health care professionals like the occupational 
therapist, rehabilitation specialist and orthotist or prothetist.

Outcomes of treatment for malignant bone tumours in children and adolescents
Perhaps the most complicated and potentially life-altering decision that patients with 
lower-extremity malignant bone tumours and their parents have to make along with their 
physicians involves choosing the type of surgical procedure that will balance maximum 
potential for cure with an acceptable aesthetic outcome, long-term mobility, and quality 
of life [31]. As described above, there are a number of surgical options (limb-sparing 
surgery, amputation or rotationplasty) available to the orthopaedic oncology surgeon to 
address the issue of local control. The debate whether limb-salvage or ablative surgery is 
advantageous to the individual patient is centred on three outcome domains: quality of life 
(QoL), functional ability and physical activity. Thus, it is important to provide the surgeons 
and physicians as well as the patients and their parents with clear information about the 
outcomes of the different surgical interventions. 

Quality of Life 
In the last decades, several studies on QoL in patients with malignant tumours of the leg 
after surgery have been published. The results of these studies have been summarized into 
four reviews [3, 32-34]. After malignant bone tumour surgery of the leg patients reported 
consistently lower QoL scores within domains associated with physical functioning as 
compared to healthy peers, whereas mental functioning did not differ significantly [35-37]. 
Regarding the comparison of QoL after limb-salvage and ablative procedures, no significant 
differences were reported [3,32-34]. 

Furthermore, large-scale population-based studies among survivors of childhood 
cancer, reported consistently lower QoL scores in bone cancer patients compared with the 
general population or survivors of other cancers [36,38].

Functional Ability
Functional ability (ability to perform activities of daily living) is an important outcome 
measure in children and young adults after surgery for a malignant tumour of the lower 
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extremity. Over the last decade, several studies have been published comparing functional 
ability between limb-salvage and ablative surgery [39-43]. Some of these studies report 
significantly better functional scores in patients who had limb-salvage surgery [40], whilst 
other studies report no significant differences or even significant better functional scores in 
amputation patients [43]. 

Physical Activity Levels 
Physical activity can be defined as any bodily movement resulting in energy expenditure 
[44]. Overall, knowledge on physical activity of malignant bone tumour patients is scarce. 
Paediatric cancer patients (leukaemia and bone tumour) were reported to be significantly 
less physically active than their healthy peers as evaluated with an activity monitor [45]. 
Moreover, patients with bone tumours were also significantly less active in comparison 
with leukaemia patients, either during hospitalizations or at home [45]. In addition, no 
statistically significant differences in physical activity levels between limb-salvage and 
amputation patients were reported [39,42].

Limitations
Although the literature on the outcomes after lower extremity malignant bone tumour 
surgery in child, adolescent and adult patients is substantial, the currently available 
literature has a number of limitations. 

An important limitation is the common relatively small sample size. The small sample 
sizes are both due to the small incidence of the disease as well as the high rate of patients 
who died during follow-up or are lost to follow-up due to oncological and orthopaedic 
complications.

Another limitation is the use of generic measures to evaluate QoL whilst malignant 
bone tumours and their treatment may have specific consequences that are not covered by 
currently available measures of QoL.

Moreover, although many patients are diagnosed and treated before the age of 20, the 
average age at evaluation in most studies is 20 years or older. In other cases, some young 
children and adolescents were included, but analyses include all patients, regardless of age, 
as a homogenous group. This approach fails to address the specific issues that affect children 
and young people following amputation or limb salvage surgery.

Finally, without exception research has included mainly patients several years after 
their diagnosis and initial treatment. This means that little is known about the impact of 
surgery and drug treatment as well as complications of the disease and its treatment on the 
course of functional ability and QoL over time, in particular in the period immediately after 
chemotherapy and surgical therapy.
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Aim of this thesis
Given the limitations of previous studies the aims of the thesis were:
a.	 To describe quality of life, functional ability and physical activity after different surgical 

interventions for malignant tumours of the leg in children and adolescents.
b.	 To develop and validate a disease specific instrument to measure quality of life in this 

patient group.

Outline of the thesis
The results of these studies are presented in the following chapters: 

Chapter 2 describes the results of a systematic review of the literature on QoL, functional 
ability and physical levels after different surgical interventions for bone cancer of the leg.

In Chapter 3 the results of a prospective, observational, multi-centre study on QoL, 
functional ability and physical activity levels during the first two years after malignant bone 
cancer surgery around the knee joint are presented.

Chapter 4 describes the results of a cross-sectional, multi-centre study on quality of 
life of young patients after surgery for a malignant bone tumour around the knee joint in 
comparison to healthy controls. 

Chapter 5 includes the results of a cross-sectional, multi-centre study on functional 
ability and the level of physical activity in children and young adults who had different 
types of surgical procedures for a malignant tumour around the knee joint. 

In Chapter 6 the development of the Bone tumour (Bt)-DUX, a disease-specific 
instrument for health related quality of life in patients who underwent surgery for a lower 
extremity malignant bone tumour is presented. 

Chapter 7 describes the results of a cross-cultural translation and validation of the 
British version of the Bt-DUX.

Finally, a summary of the results and a general discussion are given in Chapter 8.
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