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Abstract

Background Limb salvage surgery has evolved to
become the standard method of treating sarcomas of the
extremities with acceptable oncologic results. However,
little information exists relative to the activity level or
ability to participate in sports after tumor reconstructions.
Questions/purposes The aims of the study were to answer
the following questions: (1) Which sports activity levels
and what types of sports can be expected in the long term
after tumor reconstruction? (2) Which frequency durations
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are patients with Ewing’s sarcoma able to perform in long-
term followup after local control? (3) Do surgical com-
plications affect sports activity level?

Methods Thirty patients (13 females, 17 males; mean
age, 18 £ 8 years; range, 2-36 years at diagnosis; mean
followup 16 + 6 years [minimum, 5 years]) were included.
Tumors were located in the pelvis, femur, tibia, and fibula.
Surgical procedures included surgical resections alone (n =
8), surgical resection with biological reconstruction (n = 9),
or endoprosthetic reconstruction (n = 13). We assessed
UCLA sports activity levels, kinds of sports as well as the
frequency per week and the duration of each training unit at
long term (minimum followup, 5 years).

Results In long-term followup 83% patients (25 of 30)
were performing athletic activity regularly. The hours/
week of sports depended on type of surgery and were
highest after resections in the pelvis and femur (5.8) and
were lowest after megaprosthetic reconstruction of the
pelvis (1.0). Patients undergoing biologic reconstructions
were able to perform high-impact sports. UCLA sports
activity levels were high after joint-preserving vascularized
fibula for tibia reconstruction (7.4) and after megapros-
thetic reconstruction of the lower extremity (6.3-6.4) and
were low after tumors located in the fibula (4.2). Compli-
cations during followup did not significantly influence
sports activity in long-term survivors.

Conclusions Long-term survivors can achieve high levels
of sports activity in many instances. Tumor sites are
associated with the postoperative sports activity levels.
This information can help surgeons counsel patients in
terms of athletic expectations after limb salvage recon-
struction for patients with Ewing’s sarcoma.

Level of Evidence Level III, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.
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Introduction

Ewing’s sarcoma is one of the most common malignant
bone tumors in adolescents and young adults [2, 25, 30]
and is located primarily in the proximal upper and lower
extremities as well as in the pelvis. Ewing’s sarcoma dif-
fers from osteosarcoma in some respects: the mean age of
the patients is younger than those with osteosarcoma and
seldom occurs beyond the age of 30 years, local control can
be achieved with radiation as well as resection, and the
drugs used to treat Ewing’s sarcoma are different than
those used to treat osteosarcoma [3, 20, 31]. In addition to
adequate local control, the use of aggressive polychemo-
therapy has remarkably improved the survival of patients
with Ewing’s sarcoma [10, 25, 32, 37] since adjuvant
chemotherapy was first introduced in the 1980s and has led
to a growing number of long-term survivors [8, 20, 23].
However, chemotherapy can result in long-term late effects
on the cardiac, pulmonary, and metabolic systems as well
as on skeletal muscle [16]. Moreover, extensive tumor
resections of the extremities can lead to functional
impairment and therefore to restrictions and limitations in
activities of daily living [11, 28].

Physical activity has well-documented positive effects in
cancer survivors. Exercise leads to improvements in pul-
monary function and cardiovascular endurance but also in
muscle strength [29] and muscle weakness in cancer sur-
vivors can be influenced by regular exercise [4, 6, 29, 33].
Therefore, postcancer rehabilitation is of high value com-
prising a long-term benefit [3] and physical activity
constitutes an important component to posttreatment reha-
bilitation. In addition, sport is an important part of most
children’s and adolescents’ lifestyles and longitudinal
studies show that children and adolescents who are active
continue to be active throughout their lives [34, 35].

Although the functional status of patients with Ewing’s
sarcoma after limb salvage treatment has been assessed
using basic musculoskeletal scores like the Musculoskele-
tal Tumor Society (MSTS) score in previous studies [14,
16, 24, 26, 31, 37] and limitations in sports have been
recently described [27], no detailed data are available on
the sports activity levels of longer-term survivors.

Therefore, the aim of this study was to assess sports
activity levels after limb salvage surgical procedures in
patients with Ewing’s sarcoma with a minimum of 5 years
followup. We specifically evaluated the following: (1)
Which sports activity levels and what types of sports can be
expected in the long term after tumor reconstruction? (2)
Which frequency durations are patients with Ewing’s sar-
coma able to perform in long-term followup after local
control? (3) Do surgical complications affect sports activity
level?
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Patients and Methods

The study was approved by the local ethics committee and
was done in accordance with the Declaration of Helsinki.

Patients

Inclusion criteria for this study were survivors of Ewing’s
sarcoma treated at our institution who underwent a limb
salvage procedure and multimodal treatment with a mini-
mum of 5 years followup. Data from the institution’s tumor
registry were retrieved between 1984 and 2005 and were
complemented by thorough chart reviews. We identified
123 patients who had been diagnosed and treated with
Ewing’s sarcoma of the pelvis, lower extremity, and who
were treated by tumor resection and limb salvage surgery
as well as polychemotherapy at our institution. At the time
of this examination, 68 had died of Ewing’s sarcoma. The
inclusion criteria were met by 55 patients. Four patients
were lost to followup and four were not able to participate
in the study because of major illness unrelated to Ewing’s
sarcoma (eg, stroke, asthmatic disease, heart failure).
Moreover, 17 patients with no evidence of disease and in
good overall condition did not want to participate in the
study, leaving a study cohort of 30 patients (55% of the
potentially eligible 55).

Those 30 patients (Table 1) had gone through multi-
disciplinary treatment with polychemotherapy and surgery
including resection and reconstruction. Histological ana-
lysis showed 27 Ewing’s sarcomas and three peripheral
neuroendocrine tumors. Eleven (37%) of these primary
tumors were located in the femur, nine (30%) in the pelvis,
six (20%) in the tibia, four (13%) in the fibula.
(Neo)adjuvant chemotherapy was given according to rec-
ommended protocols (Table 1) [10, 20, 23].

Fourteen (47%) patients were treated by local radiation
therapy as a definitive local control or in case of one patient
as an adjuvant for a marginal resection. Patients with
megaprostheses or fibula per tibia reconstruction were not
treated by radiation therapy unless resection margins were
found to be marginal.

Surgical Procedures

Limb salvage surgery including resections only, resections,
and endoprosthetic or biological reconstruction methods
were performed in all patients. Wide resection margins
were achieved in 29 patients. Marginal resection was per-
formed in one patient with proximal femur resection.
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Table 1. Demographics and polychemotherapy protocols of patients with Ewing’s sarcoma

Total

Pelvis

Fibula

Fibula for tibia
reconstruction

Pelvis three-dimensional

Proximal
megaprosthesis

Proximal tibia and distal
femur modular
endoprosthesis

(n=3)

resection

resection

femur modular
endoprosthesis

(=7

(n = 30)

=8)

(n

(n=4)

(n=5)

(n=3)

Patient demographics

20.1 (2-36) 17.5 (2-36)

19.6 (14-24)

15.7 (10-21)

18.5 (13-23)

15.1 (5-26)

15.3 (9-22)

Mean age at operation

(years; range)

4/4 17/13

173

312

2/1

52

2/1

Sex (male/female)

15.4 (5-26) 16.1 (5-35)

20.6 (15-35)

15.1 (10-20)

12.6 (5-21)

15.0 (7-20)

20.3 (18-24)

Followup (years; range)

Chemotherapy

T2 T6

CESS 86

CESS 91

15

CESS 92

Euro-Ewing 99

(Neo)adjuvant polychemotherapy according to protocols of the Cooperative Ewing’s Sarcoma Study; CESS 92, Euro-Ewing 99 (Neo)adjuvant polychemotherapy according

CESS 86, 91 [19]

to the European Intergroup Cooperative Ewing’s Sarcoma Study [1].

Resections only were done in the innominate bone in
Enneking-Dunham Zones I to IV [12] and parts of the
femur diaphysis. In tumors located in the proximal and
distal fibula, these were resected with adjacent parts of the
proximal or distal tibia to achieve wide margins.

Endoprosthetic reconstructions were done in 10 patients
who received Kotz modular femorotibial replacements
(Howmedica Modular Resec-tion System®); Stryker,
Mahwah, NJ, USA) of the proximal femur (n = 7), distal
femur (n = 2), and proximal tibia (n = 1). In three patients,
reconstruction of the pelvis was carried out by a custom-
made three-dimensional pelvis endoprosthesis.

Biological reconstruction was performed in five patients
who received a fibula for tibia reconstruction as a joint-
preserving intercalary resection, in two patients with
resection in the periacetabular region close to the pubic
bone, and in two patients with reconstruction of diameta-
physeal parts of the femur.

Metastases were evident in three patients; no local
relapse was noted in the followup period.

Assessment

The frequency per week and the duration of each training unit,
the types of the performed athletic activities, and the sports
activity levels by use of the UCLA score [39] were assessed at
their latest followup (minimum of 5-year followup).

The UCLA activity score evaluates the general activity
level [39]. It is recommended to evaluate the patient’s
athletic activity level with regard to intensity and fre-
quency. This score is useful for monitoring physical
activity of lower extremity osteoarthritic populations [36]
and patients after joint arthroplasty [22].

Oncological and nononcological complications accord-
ing to the ISOLS failure mode classification [18] were
assessed.

Statistical Analysis

Data were coded and analyzed using the SPSS software
package (SPSS, IBM, Ehningen, Germany). Nonparametric
Wilcoxon signed-rank test was used to assess statistical
significance when comparing long-term results of UCLA
score and hours/week performance between surgical
methods. Repeated-measures two-way analysis of variance
was used to assess the effects of the presence and absence
of complications on long-term UCLA score and on hour/
week sports performance. Spearman rank correlation was
used to assess the correlation between the UCLA scores at
different time points (Fig. 1). A p value < 0.05 was con-
sidered statistically significant.
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Fig. 1 Mean UCLA score of patients after different surgical proce-
dures at long-term followup highlighted in black boxes (main study
aim). Patients after resections of pelvis and femur diaphyses only and
after joint-preserving fibula for tibia reconstructions represent the
highest UCLA ratings followed by patients after megaendoprosthetic
reconstructions of the proximal and distal femur and proximal tibia
with moderate levels, patients after resections around the fibula with
pour, and patients after megaendoprosthetic reconstructions of the
pelvis with inferior levels of sports activity. Boxes highlighted in light

Results
Sports Activity Levels and Types of Sports

The mean sports activity level measured by UCLA score
was 5.7 (range, 2-9) and appeared similar to workout
frequencies. Interestingly, UCLA scored highest in fibula
for tibia reconstructions at 7.4 (range, 5-9) followed by
patients after resections and biological reconstructions of
the pelvis at 5.6 (range, 3—7) followed by megaendopros-
thetic reconstruction of the knee at 6.3 (range, 5-7),
megaendoprosthetic reconstructions of the proximal femur
at 6.4 (range, 3-7), and were lowest after resections of the
fibula resections at 4.25 (range, 2-8) and after pelvis
megaendoprosthesis at 4.0 (range, 3-6). Types of sports
depended on surgical procedure. High-impact sports
including jogging and skiing were possible after megaen-
doprostheses of the knee and proximal femur. Tennis in
addition to these types of sports was possible after joint-
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Latest
Followup

gray show retrospectively assessed UCLA scores of patients at certain
time points prediagnosis of Ewing’s sarcoma and 1, 3, and 5 years
postoperatively, although bearing recall bias, these boxes show a
significant decrease 1 year postoperatively followed by increasing
levels of sports activity in the followup. pT = proximal tibia modular
endoprostheses; dF = distal femur modular endoprostheses; pF =
proximal femur modular endoprostheses; Resection Only = resections
on the innominate bone Dunham I-IV and parts of the femoral
diaphysis.

preserving fibula for tibia reconstruction. None of these
sports was possible after resections of tumors located in the
fibula (Table 2).

Frequencies

In long-term followup, 25 of 30 (83%) patients were able to
perform regular sports; the mean workout was 2.8 (range,
0-15) hours/week. Depending on the surgical methods, the
mean sports activity differed (Fig. 1). Patients after resec-
tions and biological reconstructions of the pelvis had a mean
workout of 5.8 (range, 1-15) hours per week after megaen-
doprosthetic reconstruction of the knee at 2.0 (range, 1-3),
after megaendoprosthetic reconstructions of the proximal
femur at 2.1 (range, 0-8), and after fibula for tibia recon-
structions at 2.0 (range, 0.5—4) hours per week, whereas the
workout after resections of the fibula was 1.7 (range, 0—4)
and after pelvis megaendoprosthesis at 1.3 in one patient.
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Table 2. Sports activities in long-term survivors of Ewing’s sarcoma at the latest time point of followup (minimum 5 years followup)

Hours/week sports activity

Number (active)/number

(total)

Fibula resection Pelvis resection

Fibula for tibia

Pelvis prosthesis

pF prosthesis

pT + dF prosthesis

8/8

3/4

5/5

1/3

57

3/3

h/w*

Number

h/w*

Number h/w* Number

h/w*

Number

h/w*

h/w* Number

Number

2.3 (1-6)

3 (37%)
4 (50%)
4 (50%)
4 (50%)
4 (50%)

2

1 (25%)

/
/

1.5 (1-2)
0.8 (0.5-1)

3 (43%)
2 (28%)
38

2 (28%)
1 (14%)

225

2 (66%)
2 (66%)

/

Biking

0.8 (0.5-1)
2.4 (1-6)

0.5

1 (20%)
2 (40%)

Swimming

1 (0.5-1.5)

3 (75%)

0.8 (0.5-1)

Hiking/Nordic walking

1.9 (0.5-3)

1.3

1 (33%)

1

Fitness center

Jogging
Soccer

1.6 (0.5-2)

/

1.3 (0.5-2)

2 (40%)

1.5

1 (33%)

/

1.5 (1-2)

2 (40%)

Tennis

Hours/year™"

18

1 (13%)

36

/

144 (18-270)

Skiing/snowboarding

distal femur megaendo-

proximal tibia megaendoprosthesis; dF =

* Values are mean hours per week activity with ranges in parentheses; fvalues in median hours per year activity; pT

prosthesis; pF

proximal femur megaendoprosthesis; pelvis prosth = custom-made three-dimensional pelvis megaendoprosthesis; pelvis resect = pelvis and femur resections.

Complications

As a result of the achievement of wide resection in primary
surgery after tumors localized in the proximal fibula, the
superficial branch of the peroneal nerve was resected in one
patient. Another had complete peroneal nerve resection and
no success in a suralis nerve transplantation. In one patient,
an upper ankle arthrodeses was performed because of
tumor localized in the distal fibula.

Twelve (40%) patients had at least one complication,
which led to revision surgery. Complications according to
the ISOLS failure mode classification [18] were seen in 10
of 13 patients (77%) with megaendoprostheses. Soft tissue
failure (Type 1) was observed in seven (54%) patients,
aseptic loosing (Type 2) in four patients (11%), structural
failure (Type 3) in five patients (38%), infection (Type 4)
in three patients (9%), and local recurrence (Type 5) in
none of the patients. In patients after biological recon-
structions and resections, five of 17 patients (30%) had
complications that led to revisions. Lung metastases
occurred in three (10%) patients and one metastasis in the
femur in one patient; all were resected. No significant
differences in sports activity levels between patients with
or without complications were seen.

Discussion

The development of limb salvage surgery [2, 13, 32] was a
major advance in treatment of primary bone sarcomas [14,
16, 31], allowing patients potentially to return to sport in
ways not possible when amputations were the mainstay of
treatment. Currently, limb salvage procedures are still the
first choice in primary bone sarcoma surgery, although
developmental changes in technical orthopaedics have led
to high levels of sports activity in amputees [7, 9].
However, as a result of the lack of data, clinicians
currently cannot anticipate if sports will be possible after
surgery and which types of sports can be pursued. There-
fore, it is difficult to advise young patients and their parents
regarding what they can expect. Realistic and positive
expectations lead to better health outcomes after surgical
procedures [21], and so better data on what patients
achieve in terms of sports performance after tumor surgery
would be important. Furthermore, survivors of bone tumors
pose a poorer health status compared with healthy control
subjects [1] and physical training may provide beneficial
effects on health like seen in cancer survivors in general
[29, 33]. In this study, we found moderate sports activity
levels in patients after megaendoprosthetic reconstructions
in the proximal femur, distal femur, and proximal tibia in
the long term. These and especially patients after joint-
preserving fibula for tibia reconstructions were able to
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practice even high-impact sports like jogging and skiing. In
general long-term sports activity was not affected by
complications associated with the disease.

There are several limitations to this study. Types of
sports may be different in other parts of the world. This
study reviews sports of patients living in central Europe.
We are aware of the selection bias resulting from our focus
on long-term survivors who represent a healthier group of
patients with Ewings sarcoma and also as a result of 30%
of the patients who wished not to take part in the study.
This suggests that our results should be construed as a
“best-case analysis” of what might be expected after
resection and reconstruction for Ewing’s sarcoma. The
reason why apparently healthy survivors elected not to
participate in sports may be because it forced them to recall
their limitations resulting from their disease in some study
participations and/or patients were too busy; alternatively,
because of their age (mean, 36 years), they may be highly
involved in their profession and business and do not have
the time to fill out a questionnaire. There is a great age
distribution in our study cohort; however, differences
between patients at 30 years of age and patients at 40 years
of age may not be too different. In fact, longitudinal studies
show that children and adolescents who are active are
going to be active throughout their lives [35, 36]. Con-
cerning the retrospective preoperative sports data (Fig. 1),
there is a certain recall bias, although we noted that the
patients remembered their physical activities precisely,
indicating the importance of sports in their personal history
after tumor treatment.

To date in young patients after bone tumor treatment, no
sports activity levels have been assessed yet. In our study,
we found that 83% patients performed sports at long-term
followup, indicating the importance of sports in the life of
adolescents and young adults. There are several studies on
sport activities of patients after elective joint replacement.
The current trend of expert opinion favors more liberal
recommendations in sports activity resulting from a
growing number of young patients undergoing total joint
arthroplasty [17, 38]. Depending on surgical methods,
survivors reached different post-Ewing’s sarcoma sports
activity levels with overwhelming scoring after fibula for
tibia reconstruction. This may point out the importance of
joint-preserving surgical procedures. Not significantly
worse were the levels of megaprosthetic methods of the
knee and hip. These findings were in line with previous
studies about sports activity and elective joint arthroplasty
of the hip and the knee [5], in which patients returned to
moderate sports levels. Some patients after implantation of
megaprostheses of the proximal femur, distal femur, and
proximal tibia were able to practice sports not even rec-
ommended by the Hip and Knee Society Survey 2005
(skiing, jogging) for THA and TKA [17]. However,
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patients after megaprosthetic reconstruction of the pelvis as
well as resection of tumors located in the proximal and
distal fibula showed low activity levels. This was surpris-
ing, but a closer look at tumors located around the fibula
revealed collateral damage of adjacent structures. Reasons
for that were complete and incomplete peroneal nerve
resections, mobilized with a lower leg orthosis as well as
loss of ankle function resulting from arthrodeses in one
patient with tumor site in the distal fibula. Many patients
were practicing low-impact sports like cycling, hiking/
Nordic walking, swimming, and working out in a fitness
center. High-impact sports were hardly practiced at all.

Depending on different surgical methods, we found
different workout frequencies. Patients after resections and
biological reconstructions of the pelvis had a high workout
of 5.8 hours per week followed by megaprosthetic recon-
struction of the proximal femur and of the knee ranging
between 2.1 and 2.0 hours per week. Patients after fibula
for tibia reconstructions reached 2.0 hours per week in the
long term as well. Interestingly, the sports performance of
patients after fibula resections was poor (1.7) and not
unexpectedly poor after receiving a pelvis megaprosthesis
(1.3). Garber et. al. reported that 3.75 hours/week of sports
activity are recommended for healthy adults [15].
According to this, patients after Ewing’s sarcoma with
megaprostheses achieved 53% to 80% of recommended
sports activity and fibula resections and megaprostheses of
the pelvis failed to achieve these recommended sports
activity by more than 100%.

Forty percent of patients had complications requiring
revision surgery. Taking primary surgery into consider-
ation, they had an impact on the immediate sports outcome.
In the recall data (Fig. 1), sports activity 1 year postoper-
atively was significantly worse. The same would be
expected after major revision surgery after complications,
but statistical significance cannot be proved as a result of
different time to complications intervals at a certain time
point of investigation. However, in the long term, there was
no objective evidence that complications affect sports
activity. We consider that, after all, recovery may be pos-
sible from both oncologic as well as nononcologic
complications. Furthermore, no complications occurred
that were caused by practicing sports.

Healthy long-term Ewing’s sarcoma survivors can
achieve high levels of sports activity after Ewing’s sar-
coma. The site of the tumor influenced the performance
levels achieved. Patients with tumors located in the fibula
are at high risk to develop low sports activity levels
because of peroneal nerve resections or arthrodeses of the
upper ankle. Preoperative sports activity levels may be an
indicator for postoperative sports activity levels. This
information can help surgeons counsel patients in terms of
athletic expectations after limb salvage reconstruction for
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patients with Ewing’s sarcoma. Our study strongly advo-

cates

specific training programs during long-term

rehabilitation based on the knowledge of what is possible
in young bone sarcoma survivors. This could hypotheti-
cally improve quality of life in these patients.
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