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Zusammenfassung 

 

Einleitung: Zieht man die Größe der betroffenen Region in Betracht, ist es kaum 

verwunderlich, dass Sarkome der Knöchelregion zu den seltensten der muskuloskeletalen 

Tumoren zähen. In vergleichbaren Studien die postoperative Unterschiede zwischen 

Extremitätenerhalt und Amputation untersuchen, bestand zumeist ein Fokus auf die 

postoperative Funktionalität des Gelenks. Allerdings wurde der Lebensqualität der Patienten 

und Patientinnen bisher wenig Aufmerksamkeit geschenkt. Diese Diplomarbeit behandelt 

erhobene Parameter über postoperative Funktionalität, Lebensqualität, und Lebensstil von 

Patienten und Patientinnen die an einem tertiären Sarkomzentrum (Univ. Klinik für Orthopädie 

und Traumatologie, Medizinische Universität Graz) behandelt wurden. Darüber hinaus wurden 

Daten aus dem Tumorregister für Sarkome in Graz retrospektiv analysiert, wobei ein 

besonderer Fokus auf postoperative Komplikationen gelegt wurde.  

Material und Methoden: Alle zwischen 1998 und 2017 im Studienzentrum behandelten 

Patienten und Patientinnen mit primären Knochen- und Weichteilsarkomen der Knöchelregion 

wurden retrospektiv in die Analyse einbezogen. Insgesamt wurden die Daten von 24 Patienten 

und Patientinnen analysiert, unter besonderer Berücksichtigung der postoperativen 

Komplikationen. Ein p-Wert <0.05 wurde als statistisch signifikant angenommen. Darüber 

hinaus wurden die Patienten und Patientinnen zur Teilnahme am prospektiven Teil dieser 

Studie gebeten, bei dem eine einmalige Untersuchung und Befragung mittels Fragebögen 

durchgeführt wurde, um Parameter über Lebensqualität, Lebensstil und funktionelles Outcome 

zu erheben. Insgesamt wurden 7 Personen inkludiert.  

Ergebnisse: Die im Zuge dieser Arbeit ausgewerteten retrospektiven Daten zeigen, dass 91,7% 

der postoperativen Komplikationen nach der ersten Operation in der Gruppe der Patienten und 

Patientinnen auftraten, die durch ein extremitätenerhaltendes Verfahren behandelt wurden. Die 

häufigsten postoperativen Komplikationen waren Weichteilkomplikationen (46%) und 

mechanische Komplikationen (27%). Aus der Datenerhebung ist ersichtlich, dass alle Patienten 

und Patientinnen mit primären postoperativen Komplikationen noch einmal operiert werden 

mussten. Im prospektiven Teil wurde im Vergleich der beiden Studiengruppen (LSG=limb 

salvage surgery group vs. AG=amputation group) bei der Analyse der Fragebögen kein 

signifikanter Unterschied zwischen Extremitätenerhalt und Amputation gefunden. Allerdings 

wurden verschieden Tendenzen beobachtet. In T-Werte umgerechnet zeigen die erhobenen 

Daten einen überdurchschnittlichen Unterschied (von ungefähr einer Standardabweichung) 

zwischen den zwei Vergleichsgruppen LSG versus AG bei den Ergebnissen der Fragebögen 
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die auf Bewegung (PROMIS), Einschränkungen der Mobilität (TESS) und generelle 

Lebenszufriedenheit (FLZ) testeten. Allerdings erreichten diese tendenziell besseren 

Ergebnisse in der LSG keine statistische Signifikanz (alle p>0.05). 

Schlussfolgerung: Zusammenfassend lässt sich sagen, dass postoperative Komplikationen von 

Weichteilen und mechanische Komplikationen bei Patienten und Patientinnen mit 

Extremitätenerhalt häufiger aufgetreten sind und in den meisten Fällen zu einer Reoperation 

führten. In Bezug auf die postoperative Funktionalität scheint kein signifikanter Unterschied 

zwischen den beiden Studiengruppen (LSG vs. AG) zu bestehen. Hinsichtlich der 

Funktionsfähigkeit des Gelenks und der allgemeinen Lebenszufriedenheit der Patienten und 

Patientinnen wurden bestimmte positive Tendenzen für extremitätenerhaltende Verfahren 

beobachtet. Folglich sollten bei Patienten und Patientinnen mit Sarkomen in der Knöchelregion 

Risiken und Nutzen eines Extremitätenerhalts vs. Amputation sorgfältig gegeneinander 

abgewogen werden, um das Risiko operationsbedingter Komplikationen zu minimieren, das 

onkologische Ergebnis zu verbessern, die funktionellen Ergebnisse zu optimieren und die 

Lebensqualität zu erhalten. 
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Abstract 

 

Introduction: Considering the dimension of the affected region, ankles sarcomas are relatively 

rare within the group of musculoskeletal tumours. Most studies only focus on surgical and 

functional outcome when comparing limb-salvage surgery versus amputation in treatment of 

ankle sarcomas. Yet, little attention has so far been paid to patients’ quality of life. This thesis 

outlines parameters for quality of life, lifestyle and functional outcome of patients treated for 

sarcomas of the ankle region at a tertiary sarcoma centre (Department of Orthopaedics and 

Trauma, Medical University of Graz). In addition, the data collected from the database of the 

study centre were retrospectively analysed with the focus on postoperative complications. 

Material and Methods: All patients treated at the study centre between 1998 and 2017 for 

primary bone and soft tissue sarcomas of the ankle region were retrospectively included, 

resulting in 24 patients eligible. Rate of postoperative complications was analysed. A p-value 

< 0.05 was accepted as statistically significant. In addition, patients were invited to participate 

in the prospective part of the study, consisting of a medical consultation, clinical examination 

and questionnaire survey at the study centre to collect data about quality of life, lifestyle and 

functional outcome. In total, 7 patients were prospectively enrolled. 

Results:  The retrospective data evaluated in this thesis shows that 91.7% of postoperative 

complications after the first surgery occurred in the group of patients treated by limb-salvage 

procedure. The most common postoperative complications were soft tissue complications (46%) 

and mechanical complications (27%). In addition, all patients with postoperative complications 

needed revision surgery. In the prospective part of the current study, no significant difference in 

quality of life between patients treated with limb-salvage procedure versus patients undergoing 

amputation was found. However, certain tendencies were observed: A difference beyond 

average (approximately one standard deviation (SD)) in the T-score between the two study 

groups limb salvage group (LSG) and amputation group (AG) was present in the 

questionnaires testing for physical ability (PROMIS), physical disability (TESS) and patients’ 

overall life satisfaction (FLZ). However, these per tendency favorable outcome scores for 

patients in the LSG did not reach statistical significance (all p>0.05). 

Conclusion: In conclusion, postoperative complications such as soft tissue complications and 

mechanical complications occur more frequently in patients with limb-salvage surgery and 

most commonly require re-operation. Furthermore, there seems to be no significant difference 

between patients with limb salvage and those with amputation with regards to functional 

outcome. Regarding the patients’ physical ability, physical disability and overall life 



11 

 

satisfaction, certain tendencies in favor of limb salvage surgery were present, though. 

Consequently, risks and benefits of limb salvage vs. amputation should be carefully weighed 

against each other in patients with sarcomas of the ankle region, in order to minimise the risk 

of surgery-associated complications, improve oncological outcome, optimize functional 

results, and maintain quality of life. 
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1 Introduction  
 

About 5 to 10% of all musculoskeletal tumours arise in the ankle region, although the ankle 

region itself accounts for 3% of the entire body mass only. (1) As sarcomas of the ankle region 

are outnumbered by benign tumours at this anatomic site, malignant tumours are at risk of 

being mistaken as benign lesions. (2) Thus, unplanned excisions of sarcomas of the foot and 

ankle region are not uncommon, potentially necessitating more radical re-resections and 

adjuvant radiotherapy (RTX), which may adversely affect surgical as well as oncological 

outcome. (3) Due to the distinctive anatomic structure of the foot with close proximity of 

different functional units, limb salvage surgery is not always possible. (4) The authors of recent 

studies have discovered that there is no difference in survival rate for patients with limb salvage 

surgery or amputation for sarcomas of the ankle region. However, amputations seem to be 

associated with poorer functional outcomes. (5) In this diploma thesis, parameters for the 

postoperative quality of life and the functional outcome of patients treated for sarcomas of the 

ankle region by limb-salvage or amputation at a single study centre were examined. For this 

purpose, all patients treated at the Department of Orthopaedics and Trauma, Medical 

University of Graz, between 1998 and 2017 for primary bone and soft tissue sarcomas of the 

ankle joint (including talus, calcaneus, ankle joint and distal tibia/fibula) were retrospectively 

analysed. Factors associated with development of postoperative complications and the 

likelihood of appearance were retrospectively explored. Furthermore, standardized 

questionnaires (see appendix) were used and parameters for postoperative functionality and 

mobility identified by clinical examination. For this purpose, patients from the retrospective 

part were invited to participate in the prospective questionnaire-based part of the study.  
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1.1 Soft tissue sarcomas (STS) 

 

As the ratio between benign soft tissue tumours and soft tissue sarcomas (STS) is around 100:1, 

it is not surprising that malignant soft tissue tumours are often misdiagnosed as benign lesions. 

(6) STS account for less than 1% of all primary malignant tumours (e.g. breast, lung). (2) They 

have an unknown aetiology, they tend to occur in extremities – any body region may be affected 

– and are more often observed in later life periods, mirrored in a median patient age of 65 years. 

(2) STS commonly present as painless masses, thus often leading to misinterpretation and 

delayed diagnosis. (7) Moreover, due to the rarity of STS, physicians usually lack experience 

in properly handling these tumours. STS are classified depending on their morphology, 

histological appearance, immunohistochemical profile, and molecular genetic changes. Of 

note, a variety of STS types and subtypes exists, with over 50 subtypes defined by the World 

Health Organisation. (2) This makes the interpretation of biopsy results more difficult. Biopsy 

should be performed in any case with suspected malignancy. (8)  

 

1.2 Bone sarcomas (BS) 

 

Bone sarcomas (BS) occur with an incidence of 0.8 per 100.000 females and 1.1 per 100.000 

males per year. (9) The life time risk of being diagnosed with primary BS is estimated at 0.1%. 

(9) Generally, two incidence peaks are present, with the first peak observed in younger patients, 

aged between 10 and 20 years. (9) The second peak occurs in patients over the age of 60. (10) 

This bimodal age-specific occurrence rate is different form STS. The majority of primary 

malignant bone tumours occur de novo and do not cause specific symptoms – despite gradually 

increasing, weight-bearing unrelated, deep and dull pain. (2) Furthermore, general discomfort, 

swelling and pain unresponsive to analgesics can frequently be observed. Pain may initially 

present neuralgia-like, occurring mostly at rest. (11) It then intensifies over time, often 

spreading into nearby joints and thus additionally complicating early diagnosis. Furthermore, 

limited mobility is an important clinical sign. Finally, pathological fractures due to none to 

minimal trauma may occur. In order to reach the correct diagnosis, a combination of clinical, 

histological and radiological measurements is usually required. (2) Concerning treatment, limb 

salvage procedures are performed as long as wide margins can be achieved. (12) Over the years, 

survival rates for children and adolescent with BS have improved significantly, particularly 

due to advances in neoadjuvant and adjuvant chemotherapeutic protocols. (13) 

 



15 

 

1.3 Diagnostics 

1.3.1 Clinical Presentation 

 

Both BS and STS show a variety of different clinical presentations. Therefore, a comprehensive 

physical examination and patient history are particularly important in patients who present with 

a soft tissue mass with or without local pain. As outlined above, STS-patients usually present 

with a mass or swelling with a tendency to grow. BS usually commonly cause pain, whilst this, 

in most cases, does not apply to STS. Sometimes symptoms such as fever, unplanned weight 

loss and fatigue can be observed, which is especially frequent in Ewing sarcomas (ES). (14) 

The tendency of STS to be painless often leads to delayed diagnosis. On the other hand, the 

indistinct symptoms of BS likewise impair early diagnosis. Patients might not seek medical 

consultations until the tumour has considerably grown in size or they note restrictions during 

their daily activities due to pain or mechanical discomfort. (14) It is therefore recommended 

that patients with either soft tissue lumps larger than 4 cm in size, (15) or unclear imaging 

findings as soft tissue shadows on x-rays, cortical bone changes or periosteal reactions, should 

be referred to a specialist tertiary sarcoma centre. (14) 

 

1.3.2 Imaging 

 

Radiological imaging plays a vital role in non-invasive diagnostics of STS and BS. It allows 

precise analysis of size, expansion, and localisation of the tumour. In addition, it can be used 

to detect local and distant spread. A variety of imaging techniques such as ultrasound (US), 

magnetic resonance imaging (MRI), computed tomography (CT) and positron emission 

tomography-CT (PET-CT) with their role in STS and BS will be discussed below. 

US is frequently performed during primary assessment of both benign and malignant soft tissue 

tumours, as it is a simple and cheap method with broad availability. (16) For instance, US 

allows a simple differentiation between cystic and solid masses. (14) Nonetheless, it is hardly 

useful to diagnose bone lesions due to the lack of penetration through the bony cortex. (14) 

The “gold standard” for STS diagnosis is MRI with administration of a contrast medium. It 

allows precise measurements of the tumours’ expansion as well as differentiation between 

healthy structures and tumour tissue. (16) Furthermore, it has a high sensitivity with regards to 

detection of local recurrences (LR) in STS and BS. STS are usually surrounded by a capsule 

or pseudo-capsular structures that may be observed on T2 weighted images. (14)  
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Other imaging techniques such as CT are especially useful in order to detect changes of bony 

structures.(16) Hence, it is a commonly used tool in case of suspected BS, but may also be 

applied in large soft tissue tumours with potential involvement of adjacent bones. (14) CT-scan 

of the abdomen, chest and pelvis is used for initial staging and during follow-up in order to 

detect metastases in the lungs, pelvis, abdomen, or retroperitoneum. (14) Tumour size, 

involvement of lymph nodes (rarely seen in bone and soft tissue sarcomas) and metastases are 

key factors in the interpretation of oncological CT protocols. (17) 

In addition, positron emission tomography (PET) helps to differentiate malignant structures 

from post-therapeutic residual structural abnormalities. (17) PET-CT scans of tumour masses 

combine functional and anatomical imaging findings.(14) Through positron emitting 

radionuclides the tumour´s metabolism can be evaluated. The most commonly used tracer for 

PET-CT is 2-Deoxy-2-fluoro-D-glucose (FDG). Through increased accumulation of 

radioactive substances in neoplasms, it can be used to detect metastases or LRs and may serve 

as an evaluation-tool regarding response to neoadjuvant chemotherapy. (14)  

In paediatric patients, US and MRI imaging techniques should be primarily used during follow-

up, due to the fact that children show a higher sensitivity to radiation exposure than adults, thus 

being at higher risk for radiation induces carcinomas. (16, 18) For the initial staging, CT-scans 

are inevitable, though.  

 

1.3.3 Biopsy 

 

Patients with suspected STS or BS should be referred to specialised tertiary sarcoma centres 

for further diagnostics and treatment. Subsequent biopsy is important to rule out differential 

diagnoses, and to plan further treatment strategies. (19) Histologically, primary sarcomas can 

be differentiated from other, clinically similar presenting soft tissue and bone “pathologies” as 

hematoma, metastasis or osteomyelitis. (14) The variety of different biopsy procedures include 

the following: fine needle aspiration biopsy, core needle biopsy and open surgical biopsy, all 

having different benefits and disadvantages. While needle biopsies only allow to obtain a 

limited amount of tissue with the advantage of reduced tissue damage, open surgical biopsy 

needs more pre- and intraoperative planning, whilst allowing to obtain more tumour tissue. 

(19) In any case, the aim is to extract a representative tissue sample with minimal tissue 

damage. (19) Of note, image-guided biopsies are increasingly replacing open surgical biopsies 

in STS and BS. (14) Imaging techniques such as CT and US can be useful in order to increase 
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the diagnostic accuracy by allowing a more precise biopsy of the desired region. (16) 

Additionally, necrotic areas and blood vessels can be avoided with the intention of decreasing 

the risk of unrepresentative samples and haemorrhage. (16) Of note, malignant cells may be 

seeded along the biopsy tract, wherefore resection of the biopsy tract during definite surgery is 

routinely performed. (14)  

 

1.3.4 Grading 

 

Histological grading provides information about the tumour’s dignity and thus its overall 

aggressiveness. The most commonly used grading system for STS are the FNCLCC system by 

the French Fédération Nationale des Centres de Lutte Contre le Cancer and the NCI by the 

United States National Cancer Institute. (2) The FNCLCC system uses a score which evaluates 

three different parameters: The amount of tumours necrosis, mitotic rate and tumour 

differentiation. (20) Each parameter is scored independently. In order to obtain the final 

grading, the scores are summed up. (20) The histological grading of the FNCLCC-system 

reaches from Grade 1 (total score: 2, 3) to Grade 3 (total score: 6, 7, 8). (2) 

The NCI-system likewise ranges from grade 1 to grade 3. To receive an individual grade, the 

combination of cellularity, histologic type, mitotic rate and pleomorphism is used. Sarcomas 

are classified as either grade 2 or grade 3, depending on the amount of necrotic cells, with the 

cu-off value being 15%. (21) In BS, the tumour grading frequently depends on the histological 

subtype. (2) Moreover, prognosis of BS as osteosarcoma and Ewing’s sarcoma is also based 

on the histological regression grade following neoadjuvant chemotherapy. (22) This Salzer-

Kuntschik regression grade subdivides response to chemotherapy by the extent of necrosis 

within the tumour, with higher amounts of necrosis being associated with a better patient 

outcome. (22)   
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1.3.5 Staging 

 

Staging is based on histological and clinical parameters and provides information about the 

tumour’s extension. The most commonly used staging system for prognostic staging groups of 

STS is shown in table 1. It was developed by the International Union against Cancer and the 

American Joint Committee on Caner (AJCC). (23) It is based on the TNM-system as well as 

tumour grading. (23) The TNM-system is generally determined by three major factors: First, 

the tumour’s depth of infiltration and diameter (T), second, lymph node metastasis (N) and 

third, distant metastasis (M). The system is used as basis for staging of STS (Table 1) and 

primary BS (Table 2) with soft tissue involvement. (23) According to the AJCC, a special 

characteristic about the staging in STS and BS is that the histopathological grade (G) is likewise 

taken into account and the impact of N-stage is low. (23)  

Furthermore, the staging system by Enneking et al. may be used to stage BS and STS, which 

is shown in table 3. (24)  Musculoskeletal sarcomas are staged from I to III. The first two stages 

are determined by the surgical grade of the tumour. They are further separated into two 

subcategories depending on the local tumour extension. Tumours with distant metastases enter 

in stage III. Apart from histological features, also clinical and radiographic features are 

included. The evaluated tumour staging influences further surgical procedures and the extent 

of tumour resection. (24, 25)  A general diagnostic strategy for BS as proposed by the ESMO 

(European Society of Medical Oncology) is summarised in figure 1. (26) 

 

 

Stage  Primary tumour 

(T) 

Regional lymph node 

(N) 

Distant metastasis 

(M) 

Histologic grade 

(G) 

IA T1 N0 M0 G1, GX  
IB T2, T3. T4 N0 M0 G1, GX 

II T1 N0 M0 G2, G3 

IIIA T2 N0 M0 G2, G3 

IIIB T3, T4 N0 M0 G2, G3 

IV Any T N1 M0 Any G 

 Any T Any N M1 Any G 

Table 1: AJCC prognostic stage groups for soft tissue sarcoma in the trunk and extremity, Tanaka K, Ozaki T. New TNM 

classification (AJCC eighth edition) of bone and soft tissue sarcomas: JCOG Bone and Soft Tissue Tumor Study Group. Jpn 

J Clin Oncol 2019; 49(2):103–7. (23) 
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Stage  Primary tumour 

(T) 

Regional lymph node 

(N) 

Distant metastasis 

(M) 

Histologic grade 

(G) 

IA T1 N0 M0 G1 or GX 

IB T2 or T3 N0 M0 G1 or GX 

IIA T1 N0 M0 G2 or G3 

IIB T2 N0 M0 G2 or G3 

III T3 N0 M0 G2 or G3 

IVA Any T N0 M1a Any G 

IVB Any T N1 Any M Any G 

 Any T Any N M1b Any G 

Table 2: AJCC prognostic stage groups for bone sarcoma in the appendicular skeleton, trunk, skull and facial bones, 

Tanaka K, Ozaki T. New TNM classification (AJCC eighth edition) of bone and soft tissue sarcomas: JCOG Bone and Soft 

Tissue Tumor Study Group. Jp Clin Oncol 2019; 49(2):103–7 (23) 

 
Stage  Grade Site Metastasis 

IA Low (G1) Intracompartmental (T1) No metastasis (M0) 

IB Low (G1) Extracompartmental (T2) No metastasis (M0) 

IIA High (G2) Intracompartmental (T1) No metastasis (M0) 

IIB High (G2) Extracompartmental (T2) No metastasis (M0) 

III Any (G) Any (T)  Regional or distant 

metastasis (M1) 

Table 3: Enneking staging for malignant musculoskeletal tumors based on surgical grade, local extent, and presence or 

absence of metastasis, Jawad MU, Scully SP. In brief: classifications in brief: Enneking classification: benign and malignant 

tumors of the musculoskeletal system. Clin Orthop Relat Res 2010; 468(7):2000–2.(25) 

 

 

Figure 1: General diagnostic strategy for bone sarcomas. BM, bone marrow; CT, computed tomography; MRI, magnetic 

resonance imaging; PET, positron emission tomography. Casali PG, Bielack S, Abecassis N, Aro HT, Bauer S, Biagini R et 

al. Bone sarcomas: ESMO-PaedCan-EURACAN Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann 

Oncol 2018; 29(Suppl 4):iv79-iv95. (26) 
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1.4 Tumour Entities  

1.4.1 Osteosarcoma (OS) 

 

Osteosarcoma (OS) is the most common primary malignant bone tumour, predominantly 

affecting children and young adults. (27) It constitutes an osteogenic tumour, producing osteoid 

or bony matrix. The tumour’s subtypes are as follows: Conventional OS, telangiectatic OS, 

small cell OS, low grade central OS, high grade surface OS, periosteal OS, parosteal OS and 

secondary OS. (2) Out of these, conventional OS is the most frequent one. (2) The incidence is 

4-5 cases per 1 million persons per year, with about 60% of patients being under the age of 25 

years at the time of primary diagnosis. (28)  OSs occur more frequently in men than women 

with a ratio of 1.3:1. They do not seem to be associated with any ethnic group or race. (29) The 

typical anatomical site is the metaphysis of long bones. OS frequently occurs in the distal 

femur, proximal tibia or proximal humerus. (27) Its exact aetiology is unknown. (2) Symptoms 

include local swelling, red skin, sleep-disturbing pain, pain not associated to weight-bearing or 

movement. (30) Other findings might include limited range of motion, localised hyperthermia 

or telangiectasia. (2) Sometimes, pathological fractures are the first “symptom”. Radiographic 

appearance can be highly variable, ranging from osteoblastic to osteolytic, usually with 

periosteal reactions as Codman’s triangle or sunburst phenomenon. (31) Around 15 to 20% of 

patients present with clinically detectable metastases at the time of diagnosis (32), with more 

than 85% of them being located in the lungs. Treatment strategies include neoadjuvant 

chemotherapy (CTX), followed by surgical removal of the primary tumour with wide margins 

as well as resection of metastases (if still present at re-staging). Subsequently, adjuvant CTX 

within internationally used treatment protocols, (27) like the EUROBOSS for patients older 

than 40 years or COSS , is applied. (33, 34) 

 

1.4.2 Ewing´s Sarcoma (ES) 

 

Sarcomas of the Ewing family are characterized by morphologically similar round neoplastic 

cells and include the ES, formerly Askin tumour (i.e. Ewing’s sarcoma of the thoracic wall) 

and primitive neuroectodermal tumour. (2) Common chromosomal translocations – most 

frequently the t(11; 22) (q24; q12) – are observed, leading to specific gene fusions, as the 

Ewing’s sarcoma gene with the Friend leukemia integration 1 transcription factor (EWS-FLI1). 

(35) The cellular origin of ES is still unknown. However, neuroectodermal cells or 

mesenchymal progenitor cells are currently believed to be the origin of these sarcomas. (35) 
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After OS and chondrosarcoma, ES is the third most common primary BS. Moreover, it is the 

second most frequent bone tumour in children and adolescents, accounting for about 10% of 

all primary malignant bone tumours in this age group. In addition, it occurs more often in males 

than in females with a ratio of 1.4:1. (36) Involvement of soft tissues is not uncommon. (36) 

ES typically arise in the diaphysis of long bones such as the femur or tibia, but can also be 

observed in flat bones. (35) Cases of ES in patients over the age of 40 are very rare, but also 

associated with less favourable prognosis. (37)  Frequent symptoms include, pain, swelling and 

the development of a solid mass in an extremity. In addition, systemic symptoms as fever and 

night-sweat may be observed. In vicinity to neurovascular structures, ES may cause peripheral 

neurological symptoms (e.g. nerve palsy, hypesthesia). (36) Differential diagnoses in younger 

patients include osteomyelitis, rhabdomyosarcoma, medulloblastoma, neuroblastoma and 

lymphoma. (36) Delayed diagnosis is common. Typical misdiagnoses in young patients include 

coxitis fugax and osteomyelitis. (36) Treatment includes neoadjuvant CTX according to 

standardised protocols as the EURO-EWING 2012 protocol, followed by surgical removal and 

adjuvant CTX, again adhering to established protocols. Furthermore, radiotherapy is indicated 

in case of insufficient resection, irresectable tumours and tumours with poor chemotherapeutic 

response, as ES are considered radiosensitive. (35, 37)  

 

1.4.3 Myxofibrosarcoma (MFS) 

 

The term myxofibrosarcoma (MFS) refers to a connective tissue neoplasm of fibroblastic origin 

with variable myxoid stroma, pleomorphism and a vascularized pattern. (38) It shows a broad 

histological variety ranging from hypocellular myxoid tissue in low grade tumours to 

hypercellular fibrous histiocytoma-like tissue in high grade MFS. (39) They account for around 

5% of all STS subtypes. (40) Moreover, MFS is most commonly seen in elderly patients, with 

a peak in the 7th decade of life. It mainly develops – similar to other STS subtypes – in the 

lower extremities (77%) and trunk (12%). (41) The tumour is described as a painless, slowly 

growing mass and may be either primarily superficial, later infiltrating through the fascia, or 

primarily deep, forming a distinct mass within the muscles. As with all STS and BS, MRI is 

used as the “gold-standard” diagnostic method as well as for preoperative planning. (40) As 

MFS have a high tendency to infiltrate surrounding tissues, resection should include a broader 

safety margin around the tumour than for other STS. (42) Resection with negative margins is 

indispensable. Surgery might involve vascular and plastic reconstruction in case vessels or 

large amounts of soft tissue have to be sacrificed. In rare cases, a limb-sparing procedure cannot 
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be performed, thus requiring amputation. Apart from surgery, radiotherapy can be used pre- or 

postoperatively, which may decrease the probability of later LR. (40) 

1.4.4 Liposarcoma (LS) 

 

Liposarcomas (LS) account for 9%-18% of STS cases and have the highest incidence around 

the 4th to 5th decade of life. (43) The anatomical sites most commonly affected are the 

extremities (52%) and retroperitoneal space (19%). (44) The tumour’s characteristics and 

malignant potential differs strongly depending on the histological subtypes, being the 

following: Well-differentiated, dedifferentiated, myxoid, and pleomorphic liposarcoma. (43) 

Dedifferentiated and pleomorphic liposarcomas are regarded as high grade tumours, whilst the 

myxoid subtype is per tendency less aggressive. (44)  

The dedifferentiated subtype accounts for nearly 18% of LSs and is characterised by a 12q14-

15 amplification involving the MDM2 gene. (45) This subtype has a high risk to recur locally. 

(46) Metastases develop in about 18% of cases. (47) 

The pleomorphic subtype accounts for less than 5% of all LSs, being the most infrequent 

subtype. It typically develops in elderly patients, with a slight male predominance. (48) Clinical 

examination shows a large, painless mass that develops over months, most commonly located 

in the lower extremity and underneath the muscular fascia. (48) This subtype sets metastases 

in 30% to 50% of patients. (48) Radiologically, it is described as a well-defined mass with 

heterogeneous appearance and necrotic areas. These areas of necrosis can also be seen 

microscopically, as well as pleomorphic epithelioid or spindled cells and adipocytic 

components. (48)   

Microscopically, myxoid LS shows uniform round shaped non-lipogenic cells and small signet-

ring lipoblasts with a branching vascular pattern. (49) This subtype is more prevalent in 

younger patients than the other subtypes, frequently occurring in the lower limbs. (50) Primary 

retroperitoneal origin is rarely seen (50) However, although most STS and LS-subtypes 

primarily spread to the lungs, the myxoid subtype also commonly sets metastases to rare 

regions as spine, bone, abdomen, or other soft tissues. (43)  
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1.4.5 Synovial Sarcoma (SS) 

 

Synovial sarcoma (SS) is a mesenchymal spindle cell tumour with variable epithelial 

differentiation. (2) Of note, its appearance within a joint is very infrequent and, other than its 

name might suggest, it is not of synovial cellular origin. (51) In fact, the origin of synovial 

sarcoma is still unknown. (51) SS is defined by the presence of the t(X; 18) (p11.2; q11.2) 

translocation, which leads to the formation of SS18: SSX fusion proteins that can be detected 

in over 95% of cases. (52) SS account for 5% to 10% of STS with a slight tendency to occur 

more frequently in men, with a male to female ratio of 1.2:1. (53) It is most common in young 

adults under the age of 30 years, whilst in small children, SSs are a rarity. (52) The monophasic 

and biphasic subtypes appear with unequal age distribution. (51) SSs often grow slowly, 

causing pain and tenderness in over 50% of cases. Other symptoms might develop depending 

on the anatomical location of the tumour, as radiculopathies or restricted joint mobility. Upon 

radiological examination, it is described as a large and well-defined mass. (51) SS tends to 

recur locally and to develop metastases at a higher rate than other STS subtypes. (51) In detail, 

metastases are seen in up to 50% of SS-cases, especially affecting the lungs, pleura, bones and 

lymph nodes. (51) Multimodal treatment is the therapy of choice, combining surgery, CTX, 

and eventually radiotherapy. Due to the high recurrence rates even after several years of initial 

diagnosis, long term follow up is needed. (51) The 10 year survival rate is 10% - 30% and thus 

generally poorer than for other STS subtypes. (53) 
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1.5 Therapy 
 

Treatment strategies of extremity sarcomas should be planned and discussed within a 

multidisciplinary team including orthopaedic sarcoma surgeons, radiologists, oncologists, 

pathologists, radiotherapists, physiotherapists and nurses. This team might seek further 

consultation with other specialists, if necessary. Treatment should be carried out by 

experienced specialists in tertiary sarcoma centres with a sufficiently high annual number of 

cases. (54) The abovementioned treatment options such as surgery, RTX, CTX, and targeted 

therapy are described in further detail in this chapter.  

1.5.1 Surgery 
  

Due to the variability of anatomical location of the tumour, patient’s general condition and 

histological findings, surgical treatment strategies need to be adapted individually.  

In STS, the main goal is surgical resection with wide margins. Exceptions include inoperable 

tumours, significant functional loss in case of limb salvage surgery, and patient’s refusal. Wide, 

margin-negative resection is essential in order to reduce the risk of LR. (55) Within the group 

of extremity-STS, patients with superficial, low-grade tumours, smaller than 5 cm may be 

treated by surgical resection only. (56) In case of high-grade tumours, resection alone may not 

be adequate and should be accompanied by other treatment methods such as RTX or – in case 

of STS less frequently – CTX. (57) Amputations are rare, but may be necessary in case of 

extremely large tumours, anticipated functional loss of the affected extremity, or involvement 

of vital anatomical structures as main vessels and nerves. (55)  

 

Similar to STS, the treatment goal of BS is to achieve en-bloc resection with negative margins 

while at the same time preserving functional abilities of the limb. Adequate resection is vital, 

as contaminated margin status is an important risk factor for LR. (58)  Amputation used to be 

the standard treatment for BS until the 1970s. (59) Advancements in CTX protocols, imaging 

techniques, surgical approaches and endoprosthetic reconstructions have paved the way for 

increased limb salvage surgery rates. (59) Thus, nowadays limb salvage surgery can be 

performed in about 85% of OS in extremities, frequently followed by endoprosthetic 

reconstruction. (59, 60) Further reconstruction options include bone allografts and allograft–

prosthetic composites. (12)  
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1.5.2 Radiotherapy (RTX) 

 

In STS, radiotherapy is frequently used in combination with surgical resection. RTX can 

decrease the rate of LR and therefore allows for better local control. (57)  The use of adjuvant 

or neoadjuvant RTX should especially be considered in intermediate and high-grade radio-

sensitive STS as myxoid liposarcoma. (54) RTX may be applied preoperatively, 

intraoperatively, and/or postoperatively. (61) In preoperative settings, RTX is used in order to 

reduce the tumour’s extent, therefore potentially facilitating later surgical resection. (55) 

Nonetheless, this setting is also associated with higher wound complication rates. (61) 

Postoperative RTX is generally associated with fewer postoperative complications due to better 

primary wound healing following surgery, but also causes higher local toxicity as the irradiated 

field is not resected, as it would be in case of neoadjuvant RTX. (55) In case of STS, it is still 

under debate when and who to administer RTX, and whether method or timing have a 

significant impact on the patient’s prognosis. (61) 

RTX plays a limited role in the treatment of primary BS. However, it and may be additionally 

used in cases of margin-positive resection or palliative settings. Furthermore, in ES, radiation 

alone can be an alternative to surgical resection, especially when surgery would lead to 

significant functional loss. (62) 

1.5.3 Chemotherapy (CTX) 

 

The role of CTX in BS and STS depends on the histological subtype, as biologic behaviour and 

the sensibility to CTX are variable. In general, however, CTX is far less effective in STS in 

comparison to BS, despite efforts to develop histology-tailored CTX and novel therapeutics. 

(63) Thus, CTX is currently far more often applied in BS than in STS, due to the better 

chemosensitivity. (64) However, according to the ESMO-EURACAN clinical practice 

guidelines as shown in the figure 2, CTX is the method of choice for the management of 

metastatic, primarily unresectable STS.  

CTX is applied in two major settings. (65) Adjuvant CTX, coming from the latin word 

“adjuvare”, i.e. to help or aid, is the name originally given to the postoperative treatment of 

micro-metastatic deposits of solid tumours with CTX. In contrast, neoadjuvant CTX 

complemented by the prefix “neo-“, meaning “new”, describes the chemotherapeutic treatment 

of primary solid tumours too large for primary surgical excision and is used preoperatively. 

(66)  In selected cases, adjuvant CTX can improve disease free survival and overall survival, 

and can decrease LR rates. Neoadjuvant CTX, in combination with radiological imaging, is a 
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valuable tool for assessment of the tumour´s histological response to CTX. (65) Furthermore, 

surgical excision might be more feasible following neoadjuvant CTX, due to potential 

shrinking of the primary tumour. (65)  

 

Figure 2: Management of advanced/metastatic, clinically unresectable STS. Olaratumab (if used) to be maintained as single 

agent after reaching the dose-limiting toxicity of doxorubicin. PD, progressive disease; PR, partial response; SD, stable 

disease; STS, soft; Casali PG, Abecassis N, Aro HT, Bauer S, Biagini R, Bielack S et al. Soft tissue and visceral sarcomas: 

ESMO-EURACAN Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2018; 29(Suppl 4):iv51-

iv67. (67) 

In contrast to metastatic STS, for localized, clinically resectable STS < 5 cm, the ESMO-

EURACAN guidelines recommend primarily surgical resection with or without RTX. Patients 

with larger, grade II or grade III STS are at greater risk of LR or metastasis, thus preoperative 

CTX or RTX should be considered. (67) Concerning treatment of BS, CTX plays an important 

role in the primary therapy of ES and OS. On the other hand, the BS-subtype chondrosarcoma 

is insensitive to CTX. As an example, current treatment regimens for OS consist of multimodal 

neoadjuvant (preoperative) CTX, surgical resection and adjuvant (postoperative) CTX. Side 

effects of these highly-toxic therapeutic protocols might include azoospermia, subclinical renal 

insufficiency, and hearing impairment. (64) Previous to the routine administration of CTX, 

metastases were detected in about 85% of patients following curative resection, resulting in a 

long term survival rate below 20%. (68)  Due to the introduction of multiagent CTX regimens, 

however, long term survival rates have increased to nearly 80%. (27)   
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1.5.4 Targeted therapy 

 
Targeted therapy is an area of great interest in cancer research in general and has recently been 

discussed in numerous studies and reviews regarding their therapeutic role in sarcoma. (69) 

Recent advances in immunotherapy and targeted therapy offer exciting new strategies for 

cancer treatment. Despite the fact that CTX remains an essential backbone of sarcoma 

treatment strategies, new developments may offer a more personalized therapeutic approach. 

(69) In targeted therapy, treatment depends on the tumour’s specific molecular characteristics 

rather than its histological or clinical appearance. (70) By interfering with specific molecules 

which are related to the tumour’s development and progression, targeted therapeutic drugs 

block specifically the tumour’s growth, progression or metastasis formation. Targets can be 

reached intracellularly, by small molecular drugs or extracellularly, by using monoclonal 

antibodies. Various targeted therapies have already proofed useful in cancer treatment, such as 

signal transduction inhibitors, gene expression modulators, apoptosis inducers, angiogenesis 

inhibitors, immune checkpoint inhibitors, and toxin-delivery molecules. (71) Common 

pathway inhibitors are receptor tyrosine kinase inhibitors, mTOR (mechanistic target of 

rapamycin) inhibitors or Hedgehog pathway inhibitors. (72) The current limitations of this type 

of treatment lie in the heterogeneity of response between the tumour types and even within the 

same tumour entities, as well as differing mechanisms of treatment resistance and the lack of 

predictive biomarkers. (73) As a result, combinations of chemotherapy with multi-targeted 

agents are currently investigated. The usage of immune checkpoint inhibitors in advances STS 

is an active area of research and could potentially expand current treatment options. (73) 

Immune checkpoint inhibitors against PD-1/PD-L1 draw a lot of attention, as PD-L1 

overexpression is observed in about 65% of STS and BS subtypes. (74) Possible treatment 

options currently under research include Nivolumab, an IgG4 anti-PD-1 monoclonal antibody 

or Ipilimumab, an anti-CTLA-4 therapeutic monoclonal antibody. (74) The protein receptor 

CTLA-4 is expressed on T cells and downregulates T cell activation. Due to its similarity to 

CD28, it competes on binding to the same membrane proteins (CD80/86) of dendritic cells, 

therefore silencing immune response. (75) 
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1.6 Ankle region  

The close contiguity between individual anatomic structures is a distinctive characteristic of 

the ankle region. Numerous bones, epiphyses, cortices and muscles with missing fascial 

barriers along with the vascular and lymphatic network complicate sarcoma surgery in the 

ankle region. Despite the fact that general management principles recommend a wide resection 

with 1-2 mm margins, this might not always be feasible in ankle sarcomas. (4) The ankle region 

consists of four main anatomical compartments, with the posterior tibial artery, vein and nerve 

in the medial compartment and the dorsalis pedis artery in the anterior compartment. The tibial 

nerve is predominantly responsible for the motoric innervation of the plantar area of the foot. 

Neurovascular structures of the foot and ankle have to be preserved in order to avoid 

neurological and vascular damage, or even functional loss. (76) Regarding the anatomical 

structures of the ankle region, one should also be aware of the anterior and posterior 

neurovascular bundle crossing the ankle joint. These two bundles regularly complicate surgical 

approaches as they contain nerves and vessels supplying the foot. (77) In case of an anterior 

surgical approach to the ankle, for example, a precise incision is very important as the anterior 

neurovascular bundle as well as the branches of the superficial peroneal nerve cross the ankle 

in proximity to the skin incision line. (78) Proximal to the ankle joint, the anterior 

neurovascular bundle (deep peroneal nerve and anterior tibial artery) is located between the 

tibialis anterior and extensor hallucis longus muscles. Distal to the joint, it runs along the 

extensor hallucis longus and the extensor digitorum longus tendons. The posterior 

neurovascular bundle is located between the flexor digitorum longus and flexor hallucis longus 

muscles. (77) Moreover, three groups of ligaments can be found around the ankle. The anterior 

talofibular ligament, a part of the lateral ligament complex, is the most commonly injured one 

and therefore frequently the cause for medical consultation. (79) During physical examination, 

common symptoms caused by ankle sarcomas include local pain during movement, 

neurological deficits and local swelling. (4) The authors of a recent study pointed out that the 

most prevalent malignant bone tumour types in their study group of ankle sarcomas were 

chondrosarcoma (48,6%), osteosarcoma (17,1%) and Ewing sarcoma (14,3%). (1) According 

to the same study, the most prevalent malignant soft tissue tumours in the foot and ankle region 

were synovial sarcoma (23,2%), myxofibrosarcoma (18,6%), and leiomyosarcoma (4, 9,3%). 

(1) With the intention of demonstrating the area affected by sarcomas of the ankle region, a 3D 

model of an OS affecting the ankle region, shown in figure 3, has been printed by the diploma 

student.  
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Figure 3:3D model, OS affecting the ankle region  

 

 

2 Methodology  

2.1 Research design and questions 

 

The aim of the retrospective part of the present study was to collectively analyze all patients 

treated at the Department of Orthopaedics and Trauma, Medical University of Graz, Austria, 

for sarcomas of the ankle region with specific focus on postoperative complications. In the 

prospective part of this study, the case series was described analytically. The aim of the 

prospective part was to investigate the quality of life and functional outcome after surgery of 

ankle sarcomas in patients treated at the study centre (Department of Orthopaedics and 

Trauma, Medical University of Graz, Austria). Data was collected by using standardized 

questionnaires. In addition, parameters for postoperative functionality and mobility were 

collected through clinical examination. Of note, case studies are suitable for a patient group 

with a specific rare disease, but on the other hand, the lack of a control group makes this study 

type eligible for descriptive purpose only. (80) 
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2.2 Data collection   

 

The data for the retrospective part was collected from the database of the Department of 

Orthopaedics and Trauma, Medical University of Graz, Austria. In total, 24 patients were 

included in the retrospective part, treated between 1998 and 2017. Data ascertained included 

personal details, contact information (both deleted after having had contact with patients for 

the prospective part), lifestyle indicators, BMI, diagnosis, tumour characteristics, date and type 

of surgery, neo-/adjuvant CTX, neo-/adjuvant RTX, postoperative immobilization and 

mobility, postoperative complications, second, third, fourth reoperation and/or complication, 

secondary metastasis, palliative treatment, last known condition (alive/death), and date of last 

follow up. In order to obtain the data depicted in the prospective part, patients were 

subsequently invited to another medical consultation, clinical examination and filling-in of 

questionnaires at the study centre. Each patient had to give consent in order to be invited to the 

study centre and needed to sign an informed consent form prior to clinical investigation. 

Clinical examination included gait analysis, joint mobility at the involved limb, analysis of 

scars, peripheral circulation, motor activity and sensibility. Based on the questionnaires 

mentioned below (and in the appendix), parameters indicative of postoperative functionality 

and quality of life were collected. For this purpose, the following questionnaires were used: 

TESS (Toronto Extremity Salvage Score), University of California Los Angeles activity scale 

(UCLA) Rating System, EQ-5D-5L + EQ-VAS, PLUS-M (Prosthetic Limb Users Survey-M), 

Modified weight activity score, PROMIS (Patient-Reported Outcome Measurement 

Information System) and FLZ (Fragebogen zur Lebenszufriedenheit). Questionnaires in 

English were orally translated if necessary.  

 

TESS (Toronto Extremity Salvage Score): This score is patient-based and has been designed 

to assess the functional outcomes and physical disability of patients undergoing surgery for 

musculoskeletal tumours. (81) 

 

UCLA Rating-System (University of California at Los Angeles): The UCLA Rating-System 

uses a questionnaire where patients have to tick one statement that fits best to their current 

situation, in order to describe their activity level reaching from 1. “Wholly inactive, dependent 

on others, and cannot leave residence” to 10, “Regularly participates in impact sports”. (82) 
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EQ-5D-5L: This test consists of two parts, namely the EQ-5D and the EQ-VAS (Visual 

analogue scale). The descriptive system comprises 5 dimensions with 5 levels each: mobility, 

self-care, usual activities, pain/discomfort and anxiety/depression. The EQ-VAS asks patients 

to fill in their self-related health on a vertical visual analogue scale from “The best health you 

can imagine” to “The worst health you can imagine”.(83) 

 

PLUS-M: The Prosthetic Limb Users Survey of Mobility was developed to assess the mobility 

of adults with lower limb amputation. There are 12 questions to be answered by the patient. 

The score can be applied several times in order to evaluate the patient’s progress. (84)  

 

MWAS: Modified weight activity score: (sports/hours per week): This score is measured by 

ascertaining all types of physical activity the patient practices. (85) 

 

PROMIS: The Patient-Reported Outcome Measurement Information System test, has been 

designed to evaluate and monitor physical, mental and social health both in children and adults. 

(86) 

 

FLZ: This test measures patient’s satisfaction in various areas of their life, including: Health, 

working life, financial state, leisure time, partnership, relationship with your children, yourself, 

sexuality, social relations and residence. (87) 

 

For statistical analysis, a scoring system in numbers was designed for some questionnaires: 

UCLA: according to the questionnaire (see appendix); TESS: according to the questionnaire 

(see appendix); PROMIS: according to the questionnaire (see appendix); PLUS-M: according 

to the questionnaire MWAS: according to the questionnaire (impact score x hours x times per 

week, see appendix); EQ-5D-5L:“I do not experience any problems” (5 points) – “not able to 

do” (1 point) FLZ: “very unsatisfied” (1 point) – “very satisfied (7 points); Concerning the 

FLZ, the score shown in table 9 equals the average mean of all sections which were answered 

by the patient.  

 

 

 

 

 

 

 



32 

 

2.3 Participant selection (retrospective and prospective part) 

 

Potential study participants were selected from a prospectively maintained database at the study 

centre. The collected data included all patients treated between 1998 and 2017 at the study 

centre for primary bone and soft tissue sarcomas of the ankle joint (including talus, calcaneus, 

ankle joint and distal tibia/fibula). Patients had undergone either limb-salvage surgery or 

amputation. This long period of retrospective analysis was chosen due to the low incidence of 

ankle sarcomas. Table 4 depicts all cases that were included in the retrospective part.  

In order to obtain the data discussed in the prospective part of the study, patients were invited 

to another medical consultation, clinical examination and questionnaire-completion. The study 

protocol was permitted by the Ethics Committee of the Medical University of Graz (EK-Nr. 

the 31-054 ex 18/19). At the time of consultation, out of 24 patients, 10 were no longer alive 

according to the database. These patients are marked in grey in table 4. In total, 11 patients 

were invited (first by letter, then by phone) to participate in the prospective part, out of which 

7 agreed on participation. Out of the remaining possible candidates, two initially declined 

participation, whilst two did not attend the first study-specific appointment and refused to book 

another appointment. Furthermore, one patient did not respond to the given calls, and two could 

not be contacted due to missing contact information.  

 

Tumour Type Grade Size (mm)  
Localisation (nearest anatomical 

region) 

Osteosarcoma G3 25 Posterior calcaneus 

Leiomyosarcoma G2 20 Achilles tendon 

Chondrosarcoma G2 58 Calcaneus 

Osteosarcoma G3 62 Distal tibia 

Ewing's sarcoma  50 Calcaneus 

Ewing's sarcoma  38 Distal tibia 

Ewing's sarcoma  55 Distal tibia  

Atypical lipomatous tumour G1 190 Lateral ankle region 

Liposarcoma G3 160 Distal lower leg + upper ankle joint 

Chondrosarcoma G1 15 Medial distal tibia 

Myxoid liposarcoma G2 60 Behind medial malleolus 

Myxofibrosarcoma G3  Upper ankle region 

Synovial sarcoma, 

monophasic fibrous G3 32 Sinus tarsi 

Synovial sarcoma, 

monophasic   G3 40 Lateral ankle region 
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Osteosarcoma G3 120 Distal tibial metaphysis 

Synovial sarcoma, 

monophasic fibrous G3 130 Planta pedis  

Osteosarcoma G3  Calcaneus 

Spindle cell sarcoma G3 140 Dorsal ankle region 

Myxoid liposarcoma G3 2 Distal tibia 

Myxofibrosarcoma G3 80 Distal of malleolus lateralis 

Synovial sarcoma  G3 90 Malleolus lateralis 

Fibroblastic osteosarcoma G3 35 Calcaneus 

Ewing's sarcoma  43 Distal tibia 

Synovial sarcoma, 

monophasic fibrous G3 45 Planta pedis (ventral of calcaneus) 
Table 4: Retrospective case study data, showing tumour type, grading, size and location. Cases marked in grey are no 

longer alive.   

 

2.4 Data Analysis 

 

For data collection and statistical analysis, Microsoft Excel Windows 2013, and IBM SPSS 

Statistics, Version 26.0, respectively, were used. Results were accepted significant with a p-

value of 0.05 or below. To evaluate the relationship between two categorical variables, 

Pearson’s chi squared test and Phi/Cramer-V was used. Scalar, non-parametric variables were 

evaluated through the Mann-Whitney-U test. In order to define the mean, variance, SD, 

minimum and maximum of a continuous variable, explorative analysis was performed. With 

the aim of obtaining a T-score metric, the available data of the questionnaires was converted 

and standardized within itself using Microsoft Excel 2013. As such, a score of 40 is one SD 

lower, a score of 60 is one SD higher than the average mean of 50 in the T-score metric. Scores 

of the various questionnaires were converted into percentages to better illustrate the results. A 

Score of 100% therefore equals the best functional, mental or physical health status possible in 

each questionnaire. In addition to the data analysis, a 3D model of an OS affecting the ankle 

region with a size of 17cm, shown in figure 3, was printed by the diploma student, with the 

intention to demonstrate the potential area affected by sarcomas of the ankle region. Therefore, 

a CT scan, available on www.embodi3d.com has been converted into a 3D model (.slt file) and 

was later on adapted through Blender 2.8. With kind support of the Digital Culture Laboratories 

Hirikilabs, Donostia - San Sebastian, the 3D Model was printed using the scaling software 

Ultimaker Cura 4.0 and an Ultimaker 2+ 3D printer.  
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3 Retrospective Part  

3.1 Study group 

 

All patients treated for BS and STS of the ankle joint (including talus, calcaneus, ankle joint 

and distal tibia/fibula) between 1998 and 2017 at the Department of Orthopaedics and Trauma, 

Medical University of Graz were analysed. Patients had undergone either limb-salvage surgery 

or amputation. Participants were subsequently assigned to one of the two study groups 

depending on the surgical procedure, i.e. LSG (limb salvage group) and AG (amputation 

group).  

 

 

 Limb-salvage Amputation  Total 

Female 

 

 6 7 13 

% within group 46.2% 63.6% 54.2% 

Male  7 4 11 

% within group 53.8% 36.4% 45.8% 

Total   13 11 24 

% within gender 54.2% 45.8% 100.0% 
Table 5: Patient Cohort, Gender 

 

 

 Limb-salvage Amputation  

Sarcoma Bone  7 4 11 

% within group 53.8% 36.4% 45.8% 

STS  6 7 13 

% within group 46.2% 63.6% 54.2% 

Total  13 11 24 

% within Sarcoma 54.2% 45.8% 100.0% 
Table 6: Patient Cohort, BS vs. STS 

 

As visible in table 5, our study group included 13 (54.2%) female and 11 (45.8%) male patients, 

out of which 13 were treated with a limb-salvage procedure and 11 underwent amputation. Of note, 

one patient primarily underwent limb-salvage surgery, but later on required amputation due to 

postoperative complications. Furthermore, table 6 depicts treatment groups split by BS vs. STS. At 

the time of surgery, the average age of patients was 44 ± 26.6 years (range, 8 to 94) and the 

preoperatively measured BMI was 24.1 kg/m2 ± 4.8 (range, 14 to 30 kg/m2). 
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3.1.1 Tumour Type, Grading, Size 

 
Figure 4: Distribution of histological subtypes in retrospective cohort 

Figure 4 depicts the frequency of the histological subtypes. Synovial sarcomas (n=5) and 

osteosarcomas (n=5) accounted for 20.8% of cases each. Furthermore, 16.7% each were 

liposarcomas (n=4) or Ewing´s Sarcomas (n=4). Other tumour types including chondrosarcoma 

(n=2), myxofibrosarcoma (n=2), leiomyosarcoma (n=1) and spindle cell sarcoma (n=1) occurred 

less frequently.  

 

 

Grade 

Total unknown G1 G2 G3 

Limb salvage 3 2 2 6 13 

Amputation 1 0 1 9 11 

Total 4 2 3 15 24 

Table 7: Patient Cohort, Grading 

Table 7 depicts the distribution of tumour grade between the two study groups. In the 

amputation group, 9 tumours (81.8%) were G3, accounting for 60% of all G3 sarcomas. The 

overall average tumours size was 6.7 cm. Categorized into three groups, 11 tumours (45.8%) 

were < 5 cm, 6 tumours (25%) were between 5 - 10 cm, and five (20.8%) tumours were >10 

cm. Furthermore, two sarcomas were of unknown size. Tumours in the calcaneus were the 

smallest, with an average size of 4.2 cm (SD ± 1.5 cm). The highest average tumour size was 

seen for sarcomas in the distal fibula with a mean of 9.0 cm and the ankle region itself with a 

Distribution of histological subtypes in 
retrospective cohort (n=24)

Synovial Sarcoma Leiomyosarcoma Liposarcoma

Myxofibrosarcoma Spindle Cell Sarcoma Chondrosarcoma

Osteosarcoma Ewing's Sarcoma
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mean of 9.3 cm (SD ± 6.5 cm). Tumours in the distal tibia had an average size of 4.8 cm (SD 

± 3.8 cm) and in the planta pedis an average size of 8.8 cm (SD ± 6.0 cm).  

3.1.2 Survival  

 
Figure 5:Kaplan-Meier survivorship curve showing difference in overall survival between Limb-salvage and Amputation. 

 

After 5 years, 67% of patients in the LSG were still alive, as compared with 43% of patients in 

the AG. The shape of the graph indicates a per tendency better survival rate in the limb salvage 

group, although not statistically significant (p = .160, Log Rank Test). 

3.2 Complications  

 

Figure 6: Patient Cohort, type of complication 

Figure 6 shows the different postoperative complications after the first surgery, clustered into 

categories. 46% of complications were soft tissue complications (n=11) such as wound healing 

deficits, ulcerations, venous thrombosis and haematomas. Moreover, 27% were mechanical 

Types of complications in retrospective 
cohort (n=24)

Soft Tissue Complications Infection

Recurrence Mecanical Complication
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complications (n=7) including postoperative joint luxation, pain, and pseudoarthrosis. 

Postoperative wound infection occurred in 18% of cases (n=4). Moreover, 9% of patients 

experienced a LR (n=2). 

3.2.1 Primary complication risk 

 

Cross tabulation 

 

group 

Total Limb-salvage Amputation 

Complication No Count 3 9 12 

% within complication 25.0% 75.0% 100.0% 

Yes Count 11 1 12 

% within complication 91.7% 8.3% 100.0% 

Total Count 14 10 24 

Table 8: Chi-square test, analysis depicting primary complications after the first surgery within limb-salvage vs. amputation 

Table 8 depicts the percentage of complications and reoperations for the two study groups (limb 

salvage vs. amputation). Of note, only complications and reoperations after the first surgery 

are presented. Overall, 91.7% of complications occurred in the LSG, signifying that patients in 

this group experience complications more often than patients in the AG (p = 0.001; Chi-square 

test: χ² = 10.791; Large effect size: Phi = .676). Moreover, out of 12 patients who experienced 

complications after their first operation, 4 patients (33.3%) developed subsequent 

complications. Notably, all patients experiencing complications after their first surgery had to 

be operated again. 

 

 
Figure 7: Kaplan-Meier curve depicting the hazard function of experiencing a complication. 
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The risk of experiencing the first postoperative complications after surgery was significantly 

higher in the LSG in comparison to the AG (p = .013, Log Rank Test, figure 7).  

In order to assess whether factors other than the type of primary surgery may increase the risk of 

postoperative complications, several parameters were analysed. In the current study, two 

significant results – for margins and gender - were found. 

 

Figure 8: Diagram depicting the correlation between postoperative complication and margins. 

Two patients had been treated through a marginal excision and later on developed complications 

(Figure 8). Furthermore, 9 out of 12 patients treated with wide resection developed postoperative 

complications. In contrast, this was true for only one out of 10 patients who underwent amputation. 

(p = .003; Chi-square test: χ² = 11.400, Large effect sizes: Phi = .689)  

 

Figure 9: Diagram depicting the correlation between postoperative complication and gender. 
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There was also a gender-specific difference in terms of postoperative complications, with 8 of 11 

males (72.7%) developing complications, in comparison to 30.8% of female patients (4 of 13; 

Figure 9; Chi-square test: χ² = 4.196, p = .041; Medium effect sizes: Phi=.418).  

Furthermore, the maximum number of potential re-operations in each patient was investigated 

(Figure 10).  

 

Figure 10: Diagram depicting the number of patients who underwent reoperations 

 

The vast majority of primary re-operations occurred, as mentioned above, in the LSG. Whilst 

patients with limb salvage required up to 4 further re-operations, none of the patients in the AG 

necessitated another revision surgery after the first one.  

 

 

4 Prospective Part  

4.1 Questionnaires 

 

A significant correlation was found between TESS and PROMIS (r = .91; p = .004) as well as 

between the TESS and EQ-VAS (r = .85; p = .016). In addition, tendencies between the UCLA 

and MWAS (r = .73; p = .06), the MWAS and PROMIS (r = .685; p = .089), the MWAS and 

TESS (r = .69; p = .087), as well as the EQ-5D-5L and EQ-VAS were discovered (r = .73; p = 

.063). The overall mean value for each questionnaire was as follows: UCLA: 4.9 (SD ±1.8); 

MWAS: 4.6 (SD ± 3.6); PROMIS: 39.6 (SD ± 7.0); TESS: 77.3 (SD ±16.1); EQ-5D-5L: 22.0 

(SD ± 3.2); EQ-VAS: 66.4 (SD ±18.4); FLZ 39.7 (SD ± 5.4). 

0

2

4

6

8

10

12

No 1.Reoperation 2.Reoperation 3.Reoperation 4.Reoperation

Reoperations in the retrospective cohort 
(n=24)

Limb-salvage Amputation



40 

 

4.2 Questionnaire results and analysis 

 

 

Figure 11: Diagram showing results of both study groups on the T-score metric 

As the T-scores rather served for viewing purposes, no statistical analyses were performed to 

assess differences between the limb salvage surgery- and amputation-groups. Figure 11 depicts 

the mean T-score metrics of the different questionnaires split by the study groups (LSG vs. 

AG). The UCLA Activity Score was average in both groups (LSG vs. AG; 48.4 vs. 53.9). 

Modified weight activity score was 52.2 in the LSG and 44.5 in the AG. For the PROMIS, a 

difference of one SD between the T-score of the LSG (53.7) and the T-score of the AG (40.6) 

was found. In addition, TESS scores did also differ by one SD between the LSG (53.0) and the 

AG (42.4). For the EQ-5D-5L, a mean T-score of 50.0 was found in both study groups. Slight 

differences were observed in the visual analogue scale with 51.5 in the LSG versus 46.2 in the 

AG. In the FLZ questionnaire, results showed a T-score of 48.4 in the LSG. In the AG, only 

one result was measured, which accounted for 58.2, equivalent to a difference of one SD. The 

PLUS-M questionnaire was developed to assess the mobility of adults with lower limb 

amputation and resulted in an average T-score of 50.9 for amputees in our cohort, which 

corresponds to the 53.4% percentile. To sum up, the data indicates a difference beyond average 

(of about one SD) between the median of the two study groups in the questionnaire results 

measuring physical ability (PROMIS: MLSG=53.7 vs. MAG=40.6), physical disability (TESS: 

MLSG=53.0 vs. MAG=42.4) and general life satisfaction of patients (FLZ: MLSG=48.4 vs. 

MAG=58.2). 

 

UCLA MWAS PROMIS TESS EQ-5D-5L EQ-VAS FLZ PULS-M

Limb-salvage 48.43 52.21 53.75 53.03 50 51.51 48.37

Amputation 53.92 44.49 40.63 42.44 50 46.23 58.17 50.85
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4.2.1 Analysis 

 

In order to detect significant differences between the crude questionnaire results in the LSG 

versus AG, Mann-Whitney-U tests were used. As shown in table 9 no significant difference 

between the two groups was found for the respective questionnaires.  

 

 

 LSG median AG median Range p-value 

(Mann-Whitney-U-Test) 

UCLA 4.0 5.4 0 - 8 p =.381 

MWAS 5.0 2.625 0 – 10.75 p = .571 

PROMIS 44 33.5 31 - 49 p =.190 

TESS 82.1 66.05 54.7 - 100 p = .381 

EQ_5D_5L 24 22 18 - 25 p = .857 

EQ_VAS 70 60 40 - 95 p = .571 

FLZ 40.71 43.7 29.6 – 43.9 p = .667 

Table 9: Median and range of questionnaire scores for LSG and AG, compared with Mann-Whitney-U test- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 

 

4.3 Physical status  

 

Range-of-motion parameters for postoperative functionality and mobility were collected 

during clinical examination, focussing on the foot, ankle and knee (Table 10).  

 

Range of Motion (ROM) (°)  

 Median Range Standard Values 

Dorsal extension 20° 0 - 20° 20–30° 

Upper ankle joint 

Neutral 

0° 0 0° 

Plantar flexion 20° 10 - 40° 40–50° 

Pronation 10° 0 - 35° 15° 

Neutral 0° 0° 0° 

Supination 10° 0 - 40° 35° 

Knee Extension 0° 0° 5–10° 

Knee Neutral 0° 0° 0° 

Knee Flexion 120° 100 - 140° 120–160° 

Table 10: Range and median range of Motion (ROM) of patients in prospective patient cohort, Given in degrees (°). 

Standard values derive from the Waldeyer textbook and atlas of anatomy (88). 

 

Wound conditions were inconspicuous in all 7 patients during clinical examination. All were 

fully weight bearing at final follow-up. One patient had a forefoot-elevation weakness, thus 

requiring an orthesis. Due to the small sample size (n=7), a comparison between groups with 

regards to range of motion was not performed. The standard values in table 10 are described 

according to the Waldeyer textbook and atlas of anatomy. (88) The calculated average mean 

ROM (°) in our group differed with regards to plantar flexion from standard values (median: 

20° vs. standard: 20°-30°), supination (median: 10° vs. standard: 35°). Of note, values for ankle 

and foot mobility could only be assessed in patients with limb salvage surgery. 
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4.4 Case presentation  

 

Patient ID_14 

Patient 14 was a male, 77-year-old, patient undergoing amputation at the middle third of the 

lower leg due to myxoid liposarcoma, grade 2. The tumour was sized 6.0 cm and localized 

behind the medial malleolus of the right foot, with the pronounced soft tissue shadow visible 

on the x-ray. Amputation was chosen due to the proximity to neighboring structures. Gentle 

full mobilisation was possible directly after the operation. He did not develop any postoperative 

complications until the most recent follow-up, 3 years after surgery.  

 

 

Figure 12: Sagittal T2-weightes fat-suppressed MRI scan (T2) of an myxoid liposarcoma at the right lower leg (A) and sagittal 

T1-weighted MRI scan with contrast agent (B). X-Ray of the lower foot, with the arrow pointing at the soft tissue shadow 

caused by the myxoid liposarcoma.(C, D)  

 

 
Figure 13: Transversal T2-weighted fat-suppressed MRI scan of the same patient at time of diagnosis (E). Transversal T2-

weighted fat-suppressed MRI scans at the level of the “fungating” tumour area (F) and further proximal (G). 
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Figure 14: The diagram describes the percentage scored by the patient in reference to the maximum points (100%). The PLUS-

M results are shown in percentile, which indicates the percent of the PLUS-M™ development sample that reported lower 

mobility than is reflected by the corresponding T-Score. 

 

The UCLA Activity Score showed a physical activity level of 60% (crude value: 6) translating 

to “Regularly participates in moderate activities”. The PROMIS Score was 72% (crude value: 

36) and the TESS Score 69.2%. Furthermore, the PLUS-M Percentile of 51.9% (crude value: 

45) demonstrated an intermediate mobility with amputation. The EQ-5D-5L was 76% (crude 

value: 19) and the visual analogue scale EQ-VAS 50%. According to the FLZ Score, the 

patient’s overall satisfaction was 89.2% (crude value: 43.7), with highest outcomes in financial 

state and partnership and lowest outcomes in the categories work and sexuality. The Modified 

weight activity score was 5.25 points (range of the entire study cohort: 0 – 10.8). Regular 

activities mentioned by the patient were bicycling and gardening. On the one hand, the patient 

reported an intermediate rate of physical activity and mobility with amputation. On the other 

hand, the patient was in a good health status and had a high satisfaction in life. In comparison 

to other patients investigated, a result below average was observed for the EQ-5D-5L T-score. 

The remaining questionnaire results were comparable to the entire group. Furthermore, during 

physical examination, the range of motion of the knee was 0°/0°/100° 

(extension/neutral/flexion). At the last follow-up the wound condition was inconspicuous. The 

patient was full weight bearing the affected limb with a good-fitting prosthesis. 
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Patient ID_04 

This 47-year-old male patient underwent amputation due to a monophasic fibrous synovial 

sarcoma, grade 3, localized at the sinus of the left foot with a size of 3.2 cm, with infiltration 

of the bone. He received adjuvant CTX. No postoperative complications emerged until the last 

follow up, 13 years after surgery.  

 

 

Figure 15: The diagram describes the percentage scored by the patient in reference to the maximum points (100%). The PLUS-

M results are shown in percentile, which indicates the percent of the PLUS-M™ development sample that reported lower 

mobility than is reflected by the corresponding T-Score 

UCLA Activity Score was 50% (crude value: 5) – “Sometimes participates in moderate 

activities such as swimming or could do unlimited housework or shopping”. PROMIS Score 

was 62% (crude value: 31) and the TESS Score 63.9%. The Modified weight activity score 

was 0, as the patient stated not to perform any regular activities. Furthermore, the PLUS-M 

percentile of 54.8% (crude value: 46) demonstrated an intermediate mobility following 

amputation. The overall health status according to the EQ-5D-5L was 100%, (crude value: 25) 

and the EQ-VAS was 70%. In comparison to the other patients, results below average in the 

MWAS and PROMIS questionnaires were observed. The remaining questionnaire results were 

comparable to the entire study group. As this patient declined to participate in a physical 

examination at the study center, no data about the local wound status or ROM could be 

ascertained. 
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Patient ID_03 

Patient 3 was a female patient, undergoing limb-salvage surgery at the age of 18 with wide 

resection, followed by plastic reconstruction with a muscular flap. She had initially been 

diagnosed with a monophasic synovial sarcoma, grade 3, with a size of 4.0 cm at the lateral 

right ankle region. At time of surgery, she had been a non-smoker, with a BMI of 27. After 

surgery, the patient received CTX as well as local RTX. No postoperative complications 

emerged. At last follow-up, 10 years after surgery, the patient was fully weight bearing without 

any limping. 

 

Figure 16: The diagram describes the percentage scored by the patient in reference to the maximum points (100%). 

 

The UCLA Activity Score was 30% (crude value: 3) translating into “Sometimes participates 

in mild activities, such as walking, limited housework and limited shopping”. PROMIS Score 

was 98% (crude value: 49) and TESS Score 100%. Overall health status in the EQ-5D-5L was 

100% (crude value: 25) and EQ-VAS 95%. The patient’s overall satisfaction according to the 

FLZ was 83.1% (crude value: 40.7). Highest satisfaction levels were measured in the categories 

self-image and social relations, the lowest in financial situation and leisure. Modified weight 

activity score was 4.0, as she stated to habitually do gardening.  Figure 16 shows the patient’s 

low physical activity, as well as a high physical functionality, nearly maximal health status and 

very high satisfaction in life. In comparison to the other patients, as assessed with the T-score, 

4 out of 7 questionnaire results were above average: PROMIS, TESS, EQ-5D-5L and EQ-VAS. 

The UCLA test results were below average in this patient, though. Moreover, during the 

physical examination, the range of motion (°) for the upper ankle joint was 20°/0°/30° 
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extension/neutral/flexion, 30° pronation, and 40° supination. Knee extension/neutral/flexion 

was 0°/0°/120. The wound condition was inconspicuous at latest follow-up.  

 

Patient ID_18 

This male patient, aged 72 years, underwent limb-salvage surgery with wide resection due to a 

grade 2 chondrosarcoma of the right calcaneus, sized 5.8 cm. No infiltration of nerves or vessels 

was present. After surgery, the patient developed recurring wound infections, necessitating 

three revision surgeries altogether.  

 

Figure 17: The diagram describes the percentage scored by the patient in reference to the maximum points (100%). 

The UCLA Activity Score was 80% (crude value: 8), implying “Regularly participates in active 

events, such as golf or bowling”. The PROMIS Score was 94% (crude value: 47) and the TESS 

Score 92.5%.  The EQ-5D-5L score was 96% (crude value: 24) and the visual analogue scale 

EQ-VAS 80%. With the FLZ Score, an overall satisfaction level of 89.6% (crude value: 43.9) 

was measured. Highest values for the FLZ items financial state and work were found, whilst 

lowest values were reported for items self-image and sexuality. The MWAS was 10.8, being 

the highest score of the entire study group. The high MWAS score resulted from the patient’s 

regular leisure activities as aerobics, bicycling, hiking and tennis. In comparison to the 

questionnaire-T-scores of the remaining patients, results were above average for the UCLA, 

MWAS, PROMIS and TESS (difference of one SD). During physical examination, the range 

of motion for the upper ankle joint was 20°/0°/40° (extension/neutral/flexion), 10° for 

pronation and 10° for supination. Knee extension and flexion were 0° and 120°, respectively. 

During latest follow-up 2 years after surgery, the patient’s wound condition was inconspicuous. 

He was fully weight-bearing the affected limb with custom-made shoes. 
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Patient ID_08 

Patient 8 was a 66-year-old male who underwent limb-salvage surgery for an atypical 

lipomatous tumour, grade 1. The tumour was sized 19 cm and extended from the middle left 

lower leg to the ankle region. He initially underwent marginal resection. Due to local 

recurrence, re-resection became necessary.  

 

 
Figure 18: Sagittal T1-weigthed MRI scan of an atypical lipomatous tumour at the left lower leg with area of “fungation” 

(A). Transversal T2-weighted MRI scan of the same patient, at the level of the distal syndesmosis (B). Transversal T2-

weighted MRI scans at the level of the “fungating” tumour area (C) and further proximal (D). 

 

 

Figure 19: The diagram describes the percentage scored by the patient in reference to the maximum points (100%). 

 

The UCLA Activity Score was 50% (crude value: 5), implying “Sometimes participates in 

moderate activities such as swimming or could do unlimited housework or shopping”. 

PROMIS Score was 88% (crude value: 44) and the TESS Score 82.1%. The overall health 

status according to the EQ-5D-5L and EQ-VAS, respectively, was 96% (crude value: 24), and 

60% (crude value: 60). The overall FLZ Score was 77.3% (crude value: 37.8), with highest 
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outcome for the item “relation to your children” and lowest outcome for the FLZ items 

“health”, “housing” and “sexuality”. The Modified weight activity score was 5.8. Regular 

activities mentioned by the patient were bowling, dancing and swimming. Results of all 

questionnaires were comparable to the entire study group. During physical examination, the 

range of motion of this patient was 20°/0°/40° extension/neutral/flexion for the upper ankle 

joint, as well as 10° pronation and 10° supination. Full ROM of the ipsilateral knee joint was 

present (extension/neutral/flexion; 0°/0°/140°). The patient was fully weight bearing the 

affected limb without any limping at latest follow-up 10 years after surgery.  

 

 

Patient ID_11 

This female patient underwent limb-salvage surgery at the age of 53 with wide resection for a 

chondrosarcoma grade 1, sized 1.5 cm that was located at the medial distal left tibia. No 

infiltration of nerves or vessels was present. Until the last follow-up, 14 years after surgery, no 

postoperative complications had emerged. Notably, she had to non-weight-bear the left lower 

limb for six weeks following surgery to allow healing. 

 

 

Figure 20: The diagram describes the percentage scored by the patient in reference to the maximum points (100%). 

 

The UCLA Activity Score was 30% (crude value: 3), i.e. “Sometimes participates in mild 

activities, such as walking, limited housework and limited shopping”. PROMIS Score was 68% 

(crude value: 34) and TESS Score 54.7%. The overall health status according to the EQ-5D-

5L was 72% (crude value: 18), and 40% according to the EQ-VAS (crude value: 40). The 
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overall FLZ Score was 86.1% (crude value: 42.2), with highest outcome in item “partnership” 

and lowest outcome in the item “health”. The MWAS was with 0.5 relatively low, since the 

patient sometimes worked in the garden. In comparison to the other patients of the present 

study, results below average for UCLA, MWAS, TESS, EQ-5D-5L and EQ-VAS were found. 

During physical examination, ROM was 10°/0°/35° (extension/neutral/flexion) for the upper 

ankle joint. Supination and pronation were 35° and 5°, respectively. Knee extension was 0°, 

and knee flexion 130°. Despite a forefoot-elevation weakness requiring a special orthesis, the 

patient was fully weight bearing the affected limb at last follow-up. 

 

Patient ID_17 

This male patient was aged 14 years at initial surgery. He had been diagnosed with an OS, 

grade 3, with a size of 6.2 cm, at the right distal tibia (Figure 21). The patient underwent limb-

salvage surgery with wide resection and reconstruction with vascularized fibular graft as well 

as upper ankle joint arthrodesis (Figure 22, A & B). He developed vascular fibular graft failure 

requiring autograft and plate removal two years after the initial surgery, as well as re-

arthrodesis with arthrodesis nail (Figure 22, C & D). At last follow-up five years after primary 

surgery, the arthrodesis had well healed and the patient was fully weight bearing. 

 

 
Figure 21: X-Ray of the osteosarcoma (G3) in the right distal tibia (A). Codman triangle and sunburst appearance visible at 

the posterior aspect of the distal tibia (B). Transversal T2-weighted fat-suppressed MRI scan of the same patient at time of 

diagnosis showing soft tissue expansion into the posterior compartment (C).  
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Figure 22: X-Ray of the right lower leg after wide resection of the distal tibia and subsequent reconstruction with 

vascularized fibular graft and upper ankle joint arthrodesis (A, B). Due to autograft failure and pseudoarthrosis, revision 

arthrodesis had to be performed after two years (images not shown). X-Ray four years after the initial surgery, showing 

healed arthrodesis with arthrodesis nail (C, D). 

 

 

Figure 23: The diagram describes the percentage scored by the patient in reference to the maximum points (100%). 

 

The UCLA Activity Score was 40% (crude value: 4), implying “Regularly Participates in mild 

activities”. PROMIS Score was 72% (crude value: 36), and TESS Score 80%. The overall 

health status in the EQ-5D-5L was rated with 76% (crude value: 19), and in EQ-VAS with 70% 
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(crude value: 70). The FLZ Score was 60.4% (crude value: 29.6), with highest outcomes in the 

category “health” and lowest outcomes for items “sexuality” and “housing”. Habitual walking 

exercise resulted in a modified weight activity score of 5. In comparison to the other patients, 

results below average in EQ-5D-5L and FLZ were observed. During physical examination of 

this patient, ROM of the ankle joint (i.e. subtalar joint due to arthrodesis) was 0°/0°/10° for 

extension/neutral/flexion, as well as 0° for pronation and supination. Knee extension and 

flexion were 0° and 120°, respectively. The local status was inconspicuous. The patient was 

fully weight bearing the affected limb, with minimal limping, at latest follow-up 3 years after 

surgery.  
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5 Discussion 
 

 

Due to the advances in endoprosthetic devices and surgical procedures, limb-salvage surgery 

has become the standard procedure for surgical treatment of sarcomas in the upper – and even 

more – in the lower limb. (89) Nonetheless, wide resection in ankle sarcomas might not always 

be feasible. Despite the fact that therapeutic principles recommend a wide resection with a free 

margin of about 1-2 mm, this might not always be possible in ankle sarcomas, due to the 

complex anatomical structure and the proximity of nerves, muscles and bones in this region. 

(4) Preservation of essential structures and concurrent marginal or intralesional resection 

potentially increases the risk of local recurrence. Furthermore, higher risk of wound healing 

deficit and infections might lead to revision surgery or even secondary amputation, considering 

the thin soft tissue coverage. (90) The authors of more recent studies about ankle sarcomas 

have proposed that limb-salvage surgery may be the most favourable option, also pointing out 

that patients might suffer from emotional distress and reduced mobility after amputation. (91) 

Patients’ reaction on the prospect of amputation is variable, though. (92) Limitations in normal 

activities after amputation depend on factors as the individuals working status, gender, and age. 

Notably, patients with amputation might be socially and economically more vulnerable. (93)  

According to our results, the most frequent tumours in the ankle region were synovial sarcoma 

and osteosarcoma (20.8%), followed by the liposarcoma and Ewing´s Sarcoma (16.7%). In 

comparison to the results obtained by Toepfer et al., lower rates of chondrosarcomas and 

myxofibrosarcomas were found in the present study. (1)  Moreover, there was a female 

predominance in our study, which is most likely related to the small sample size of 24 patients 

in the retrospective cohort. 

No significant difference in tumour size or grading with regards to the surgical method (limb-

salvage vs. amputation) was present in our cohort. The highest average tumour size was found 

for tumours in the distal fibula with a mean of 9.0 cm, as well as tumours in the ankle region 

with a mean of 9.3 cm (SD ± 6.5 cm). In contrast, tumours in the calcaneus were the smallest, 

with an average mean of 4.2 cm (SD ± 1.5 cm). This discrepancy in size can be explained by 

the fact that tumours of the calcaneus usually cause pain during walking as soon as they 

penetrate the cortex and lead to visible deformities of the heel’s shape, wherefore they may be 

detected at earlier stages. At last follow-up, all patients were fully weight bearing. Notably, we 

measured a limited range of joint mobility in some patients.  
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Additionally, our data showed that 50% of patients experienced postoperative complications 

out of which soft tissue complications (46%) such as wound healing deficit, venous thrombosis, 

haematoma, and mechanical complications (27%) were the most common ones. The results of 

the subsequently performed correlation analysis supports the idea that type of margin and 

patient gender could be possible risk factors for postoperative complications, albeit only 

analysed in the univariate setting.  

In comparison to Houdek et. al. who performed a retrospective study on prognostic factors in 

62 patients with STS of the food and ankle, we found a considerably lower 5-year overall 

survival rate (67%LSG & 43%AG vs. 79%Houdek) and higher complication rate (50%entire cohort vs. 

24%Houdek). According to William et. al., amputation does not significantly improve the survival 

rate of patients in comparison to limb salvage surgery. (89) In line with this, no significant 

survival benefit of patients undergoing amputation vs. limb salvage surgery was found in our 

cohort (p= .160). 

Notably, the complication rate observed in the present study was highest in the limb-salvage 

group (91.7%) and is also higher than the one reported in a similar study by Ozger et al (32.6%) 

including 48 patients with ankle sarcoma (91). It is worth mentioning that with 89.6%, the 

limb-salvage rate in the study by Ozger et al. was higher than the 58.3% in the present study 

and the 53% in the study by Houdek et al.. (94)  Frequent complications mentioned in the study 

by Houdek et al. included wound drainage, wound infections and skin graft failure. (94) Neither 

male gender (p = .45) nor wide resection (p = .81) were identified as risk factors for 

postoperative complications in the study by Houdek et al.. (94) In the present study, there was 

a time-dependent effect of experiencing the first postoperative complication after surgery, with 

patients undergoing limb-salvage surgery being at significantly higher risk of developing 

complications (p = .013; Log Rank Test). All complications in the present study necessitated 

revision surgery. While patients in the LSG required up to 4 further reoperations, none of the 

patients in the AG necessitated another revision surgery after the first one.  

 

Seven patients out of the entire study cohort could be enrolled in the prospective part. Due to 

the small sample size and the lack of a control group, the data used in this diploma thesis was 

analysed as descriptive only. No visible differences between the two groups (LSG vs. AG) 

were found with regards to functional or quality-of-life-related questionnaires. In order to allow 

better interpretation of our findings, results of questionnaires were transposed into T-scores.  

In general, it may be assumed that patients undergoing surgery for sarcomas of the lower limb 

could present with poorer functional outcome scores as compared with patients undergoing 
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surgery for other conditions involving the musculoskeletal system. However, in a study from 

Zurich, the activity levels in 100 patients undergoing TKA (61 women; mean age, 66.5 years) 

were equivalent to a median UCLA activity score of 4.9 (SD ±2.0), being comparable to the 

median UCLA scores of 5.4 and 4.0 for our patients in the AG and LSG, respectively. (95) In 

a study from the Orthopaedic Hospital, Oswestry, United Kingdom, patients that had 

undergone limb salvage surgery of the lower limb due to STS or BS presented with an average 

TESS of 70.1 (SD 22.3) (n=209) in males and  63.2 (SD 24.1) (n=190) in females. (96) In 

comparison, TESS scores observed in the present study were relatively higher, with a median 

TESS of 82.1 for patients in the LSG and 66.1 for patients in the AG. However, TESS score 

for amputees in the present study was relatively lower than the one reported by Davis et al., 

which was 75.6  (93). Similar results – and again better than in the present study – were found 

by Nagarajan et al, with a TESS score of 83.8 to 87.6 (97) 

In another study, the adult PROMIS measures centered on the US General Census 2000 was 

48.9 (SD 10.0) in women (n=2044) and 51.7 (SD 9.7) in men (n=1363) (98), which is higher 

than the 39.6 observed in the present study.  

Bearing in mind that the individual quality of life is not only based on physical, but also on 

mental and psychosocial parameters, (99) EQ-5D-5L, EQ-VAS and FLZ scores were also 

ascertained in the prospective part of this study. In the current study, the EQ-VAS was 66.4 for 

all patients combined. Altogether, regarding the patients’ quality of life, no significant 

difference was found between limb-salvage and amputation. As a comparison, the e-survey 

across 30 countries performed by Mastboom et. al. (n=337) in patients with tenosynovial giant 

cell tumour revealed a median EQ-VAS of 75 for localized tumours  (100), being slightly better 

than our findings.  

In our study, significant correlations between the questionnaire results of TESS and PROMIS 

(r = .91; p = .004) as well as between the TESS and EQ-VAS were found (r = .85; p = .016). 

Moreover, we observed strong tendencies between the UCLA and MWAS (r = .73; p = .06), 

the MWAS and PROMIS (r = .685; p = .089), the MWAS and TESS (r = .69; p = .087), as well 

as the EQ-5D-5L and EQ-VAS (r = .73; p = .063). These correlations indicate that 

questionnaires used for this study were well selected to assess patients’ mobility and quality of 

life.  
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6 Limitations  
 

Some limitations of the present study have to be mentioned. First, some of the questionnaires 

used in this study have not been originally designed for or are not yet standardised for the ankle 

region, or postoperative settings after amputation. Second, only a small patient cohort could be 

prospectively analysed, as 24 patients had been treated between 2000 and 2017 at the 

Department of Orthopaedics and Trauma, Medical University of Graz for sarcomas of the 

ankle region, and some of them had already died at time of set-up of the prospective study. 

Therefore, the data presented in this thesis serves as case series of patients treated at a single 

tertiary sarcoma centre and have to be interpreted bearing the small sample size as limitation 

in mind.  
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7 Conclusion  
 

According to the retrospective part of the present diploma thesis, the majority of postoperative 

complications occur following limb-salvage surgery. The most frequent complications are 

wound healing deficits and mechanical complications. Further potential risk factors for 

complications include male gender and wide margins, although not analysed in a multivariate 

model. According to the prospective part, no significant differences are present between 

patients with amputation and those with limb salvage surgery regarding functional outcome 

and quality of life. Nevertheless, certain tendencies are observed in the PROMIS, TESS and 

FLZ questionnaires. Our study may aid to better understand the impact of the surgical 

procedure performed on postoperative complications, function and quality of life in ankle 

sarcoma patients. Understanding these factors may help to reduce the risk of complications and 

revision surgeries in the future, therefore ensuring better functional outcomes and improved 

quality of life.  
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Appendix – questionnaires  
 

  

UCLA Activity Score   

Hip ID:   

Study Hip:  Left          Right  

Examination Date (MM/DD/YY):         /         /    

Subject Initials:  |____|____|____|             

Medical Record Number:  
  

Interval:          ______________         

  

  

Check one box that best describes current activity level.  

  1: Wholly Inactive, dependent on others, and can not leave residence  
  

  2: Mostly Inactive or restricted to minimum activities of daily living  
  

  3: Sometimes participates in mild activities, such as walking, limited housework and limited shopping  
  

  4: Regularly Participates in mild activities  
  

  5: Sometimes participates in moderate activities such as swimming or could do unlimited housework or shopping  
  

  6: Regularly participates in moderate activities  
  

  7: Regularly participates in active events such as bicycling  
  

  8: Regularly participates in active events, such as golf or bowling  
  

  9: Sometimes participates in impact sports such as jogging, tennis, skiing, acrobatics, ballet, heavy labor or backpacking  
  

  10: Regularly  participates in impact sports  
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PROMIS
®

 Item Bank v2.0 – Physical Function – Short Form 10a  

  

Physical Function – Short Form 10a  
Please respond to each question or statement by marking one box per row. 

 
                                                                      Not at all  Very little   Somewhat  Quite a lot 

 Cannot do  

PFA1  

Does your health now limit you in doing 

vigorous activities, such as running, lifting 

heavy objects, participating in strenuous 

sports? ........................................................   

  
5  

  
4  

  
3  

  
2  

  
1  

              

PFC36r1  
Does your health now limit you in 

walking more than a mile (1.6 km)?  
  

5  
  

4  
  

3  
  

2  
  

1  

              

PFC37  Does your health now limit you in 

climbing one flight of stairs? ......................  
  

5  
  

4  
  

3  
  

2  
  

1  

              

PFA5  Does your health now limit you in lifting 

or carrying groceries? .................................  
  

5  
  

4  
  

3  
  

2  
  

1  

              

PFA3  Does your health now limit you in 

bending, kneeling, or stooping? .................  
  

5  
  

4  
  

3  
  

2  
  

1  

    
Without 

any 

difficulty 

With a 

little 

difficulty 
With some 

difficulty  

With 
much  

difficulty  Cannot do  

PFA11  
Are you able to do chores such as 

vacuuming or yard work? ...........................  
  

5  
  

4  
  

3  
  

2  
  

1  

              

PFA16r1  

Are you able to dress yourself, including 

tying shoelaces and buttoning your 

clothes? 

.......................................................  

  
5  

  
4  

  
3  

  
2  

  
1  

              

PFB26  Are you able to shampoo your hair? ..........  
  

5  
  

4  
  

3  
  

2  
  

1  

              

PFA55  Are you able to wash and dry your body? ..  
  

5  
  

4  
  

3  
  

2  
  

1  

              

PFC45r1  
Are you able to sit on and get up from the 

toilet? ..........................................................  
  

5  
  

4  
  

3  
  

2  
  

1  
                            28 March 2017 © 2008-2017 PROMIS Health Organization and PROMIS Cooperative Group           Page 
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Bitte kreuzen Sie unter jeder Überschrift DAS Kästchen an, das Ihre Gesundheit HEUTE am 

besten beschreibt.  

BEWEGLICHKEIT / MOBILITÄT    
Ich habe keine Probleme herumzugehen    
Ich habe leichte Probleme herumzugehen    
Ich habe mäßige Probleme herumzugehen    
Ich habe große Probleme herumzugehen    
Ich bin nicht in der Lage herumzugehen    

FÜR SICH SELBST SORGEN    

Ich habe keine Probleme, mich selbst zu waschen oder anzuziehen    
Ich habe leichte Probleme, mich selbst zu waschen oder anzuziehen    
Ich habe mäßige Probleme, mich selbst zu waschen oder anzuziehen    
Ich habe große Probleme, mich selbst zu waschen oder anzuziehen    
Ich bin nicht in der Lage, mich selbst zu waschen oder anzuziehen  

ALLTÄGLICHE TÄTIGKEITEN (z.B. Arbeit, Studium, Hausarbeit,  

  

Familien- oder Freizeitaktivitäten)    

Ich habe keine Probleme, meinen alltäglichen Tätigkeiten nachzugehen    
Ich habe leichte Probleme, meinen alltäglichen Tätigkeiten nachzugehen    
Ich habe mäßige Probleme, meinen alltäglichen Tätigkeiten nachzugehen    
Ich habe große Probleme, meinen alltäglichen Tätigkeiten nachzugehen    
Ich bin nicht in der Lage, meinen alltäglichen Tätigkeiten nachzugehen    

SCHMERZEN / KÖRPERLICHE BESCHWERDEN    

Ich habe keine Schmerzen oder Beschwerden    
Ich habe leichte Schmerzen oder Beschwerden    
Ich habe mäßige Schmerzen oder Beschwerden    
Ich habe starke Schmerzen oder Beschwerden    
Ich habe extreme Schmerzen oder Beschwerden    

ANGST / NIEDERGESCHLAGENHEIT    

Ich bin nicht ängstlich oder deprimiert    
Ich bin ein wenig ängstlich oder deprimiert    
Ich bin mäßig ängstlich oder deprimiert    
Ich bin sehr ängstlich oder deprimiert    
Ich bin extrem ängstlich oder deprimiert    
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  Beste  
  Gesundheit, die  
  Sie sich  
  vorstellen können  

• Wir wollen herausfinden, wie gut oder schlecht Ihre Gesundheit HEUTE ist.  

• Diese Skala ist mit Zahlen von 0 bis 100 versehen.  

• 100 ist die beste Gesundheit, die Sie sich vorstellen können. 0 (Null) ist die 

schlechteste Gesundheit, die Sie sich vorstellen können.  

• Bitte kreuzen Sie den Punkt auf der Skala an, der Ihre Gesundheit HEUTE am 

besten beschreibt.  

• Jetzt tragen Sie bitte die Zahl, die Sie auf der Skala angekreuzt haben, in das 

Kästchen unten ein.  

  

   

 IHRE GESUNDHEIT HEUTE =   

 
 Schlechteste Gesundheit, die sie sich vorstellen können 

 EuroQol Group EQ-5D 
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        ( v1. 2 )  

  
  
  
  

  
  

  
  
  

   Prosthetic Limb Users 

        Survey of Mobility (PLUS-M) 

Version 1.2 – English (US) 

  

  

  

  

  

12-  item Short Form  
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FLZ  
  

Kreuzen Sie bitte bei jeder der Feststellungen auf den folgenden Seiten jeweils jenes 

Kästchen an, das am ehesten Ihrer Zufriedenheit in Bezug auf die betreffende Feststellung 

entspricht.  

  

  

 
  

Wenn Sie - in diesem Beispiel - mit dem Wetter also weder zufrieden noch unzufrieden sind, 

dann kreuzen Sie bitte das Kästchen „weder/noch“ an.  

  

  

  

  

  

Gesundheit  Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit meinem körperlichen  

Gesundheitszustand bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner seelischen Verfassung 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner körperlichen 

Verfassung bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner geistigen  

Leistungsfähigkeit bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner Widerstandskraft gegen  

Krankheit bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, wie 

häufig ich Schmerzen habe,  

dann bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, wie oft 

ich bisher krank gewesen bin,  

dann bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Beispiel   Sehr  
unzu - 

frieden   

U nzu - 
f r ieden   

Eher  
unzu - 

f r ieden   

Wed er/ 
noch   

Eher  
zu - 

f r ieden   

Z u - 
frieden   

Sehr zu - 
f r ieden   

Mit dem Wetter bin ich …                 
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Arbeit und Beruf  
(Personen im Ruhestand. bitte 

ehemaligen Beruf bewerten)  

Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit meiner Position an meiner  

Arbeitsstelle bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, wie sicher 

mir meine berufliche Zukunft ist, 

dann bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit den Erfolgen, die ich in 

meinem  

Beruf habe, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit den Aufstiegsmöglichkeiten, 

die ich an meinem Arbeitsplatz 

habe, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Betriebsklima an meinem  

Arbeitsplatz bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Was das Ausmaß meiner 

beruflichen Anforderungen und 

Belastungen betrifft, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Abwechslung, die mir mein  

Beruf bietet, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Finanzielle Lage  Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit meinem Einkommen/Lohn bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem, was ich besitze bin ich …    

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meinem Lebensstandard  

bin ich …  
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Mit der Sicherung meiner 

wirtschaftlichen Existenz bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meinen zukünftigen  

Verdienstmöglichkeiten bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit den Möglichkeiten, die ich 

meiner Familie aufgrund meiner 

finanziellen Lage bieten kann, bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner voraussichtlichen 

(finanziellen) Alterssicherung 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Freizeit  Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit der Länge meines  

Jahresurlaubes bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Länge meines Feierabends 

und meiner Wochenenden bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Erholungswert meines  

Jahresurlaubs bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Erholungswert meiner  

Feierabende und meiner  

Wochenenden bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Menge der Zeit, die ich für 

meine Hobbies zur Verfügung habe, 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Zeit, die ich den mir nahe 

stehenden Personen widmen kann, 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Abwechslung in meiner  

Freizeit bin ich …  
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Ehe und Partnerschaft  
(Bitte nur ausfüllen, wenn Sie 

eine(n) feste(n) Partner(in) haben)  

Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit den Anforderungen, die meine 

Ehe/Partnerschaft an mich stellt, 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit unseren gemeinsamen  

Unternehmungen bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Ehrlichkeit und Offenheit 

meines/meiner (Ehe-)  

Partners/Partnerin bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Verständnis, das mir 

mein(e) (Ehe-)Partner(in) 

entgegenbringt bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Zärtlichkeit und 

Zuwendung, die mir mein(e) (Ehe-

)Partner(in) entgegenbringt, bin ich 

…  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Geborgenheit, die mir 

mein(e) (Ehe-)Partner(in) gibt, bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Hilfsbereitschaft, die mir 

mein(e) (Ehe-)Partner(in) 

entgegenbringt, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Beziehung zu den 
eigenen Kindern  
(Nur dann ausfüllen, wenn Sie 

eigene  

Kinder haben)  

Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  
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Wenn ich daran denke, wie meine 

Kinder und ich miteinander 

auskommen, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich an das schulische und 

berufliche Fortkommen meiner  

Kinder denke, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, wie viel 

Freude ich mit meinen Kindern 

habe, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich an die Mühen und 

Kosten denke, die mich meine 

Kinder gekostet haben, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Einfluss, den ich auf 

meine  

Kinder habe bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Anerkennung, die mir 

meine  

Kinder entgegenbringen, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit unseren gemeinsamen  

Unternehmungen bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Eigene Person  
  

Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit meinen Fähigkeiten und  

Fertigkeiten bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Art, wie ich mein Leben 

bisher gelebt habe, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner äußeren Erscheinung bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meinem Selbstvertrauen und 

meiner Selbstsicherheit bin ich …  
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Mit meiner charakterlichen  

Eigenart/meinem Wesen bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner Vitalität   

(d.h. Lebensfreude und Lebenskraft) 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, wie ich mit 

anderen Menschen auskomme, bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Sexualität  
  

Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit meiner körperlichen 

Attraktivität bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meiner sexuellen  

Leistungsfähigkeit bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Häufigkeit meiner 

sexuellen  

Kontakte bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der Häufigkeit, mit der mein(e) 

(Ehe-)Partner sich mir körperlich 

zuwendet (streichelt, berührt)  bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meinen sexuellen Reaktionen 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, wie 

unbefangen ich über den sexuellen 

Bereich sprechen kann, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, inwiefern 

mein Partner und ich in der 

Sexualität harmonieren, bin ich …  
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Freunde, Bekannte 
Verwandte  
  

Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Wenn ich an meinen Freundes- und  

Bekanntenkreis denke, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Kontakt zu meinen  

Verwandten bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Kontakt zu meinen  

Nachbarn bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der der Hilfe und 

Unterstützung durch Freunde und 

Bekannte  bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meinen Außen- und 

gemeinschaftlichen Aktivitäten 

(Verein, Kirche, etc.) bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit meinem gesellschaftlichen  

Engagement bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich daran denke, wie oft ich 

unter Leute komme, bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wohnung  
  

Sehr 

unzufrieden  
Unzu- 
frieden  

Eher 

unzufrieden  
Weder/ 

noch  
Eher 

zufrieden  
Zufrieden  Sehr 

zufrieden  

Mit der Größe meiner Wohnung bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Zustand meiner Wohnung 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit den Ausgaben (Miete bzw. 

Abzahlung) für meine Wohnung bin 

ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit der der Lage meiner Wohnung  

bin ich …  
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Mit der Anbindung an 

Verkehrsmittel bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Wenn ich an den Grad der  

Lärmbelästigung denke, bin ich mit 

meiner Wohnung …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mit dem Standard meiner Wohnung 

bin ich …  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Modified weight activity score: (sports/hours per week) 
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