Clin Orthop Relat Res (2015) 473:847-854
DOI 10.1007/s11999-014-3788-2

Clinical Orthopaedics
and Related Research’

A Publication of The Association of Bone and Joint Surgeons®

SYMPOSIUM: 2013 MEETINGS OF THE MUSCULOSKELETAL TUMOR SOCIETY AND THE
INTERNATIONAL SOCIETY OF LIMB SALVAGE

What Sports Activity Levels Are Achieved in Patients
With Modular Tumor Endoprostheses of Osteosarcoma

About the Knee?

Nikolaus W. Lang MD, Gerhard M. Hobusch MD,
Philipp T. Funovics MD, Reinhard Windhager MD,
Jochen G. Hofstaetter MD

Published online: 26 July 2014
© The Association of Bone and Joint Surgeons® 2014

Abstract

Background Advances in multimodal treatment have
improved survival of patients with nonmetastatic osteo-
sarcoma. At the same time, implant design has improved
the outcomes of limb salvage with modular endoprosthe-
ses. However, little is known about sports activity in long-
term survivors with osteosarcoma.

Questions/purposes We wanted to evaluate (1) sports
activity levels in long-term survivors of osteosarcoma
about the knee who received a modular tumor endopros-
thesis; (2) to determine if activity level changed over time
from initial reconstruction or (3) was predicted from sports
activity level before diagnosis; and (4) if complications that
occurred affected sports or contributed to prosthetic
failures.

Methods Between 1995 and 2005, we treated 120 patients
for osteosarcoma about the knee with resection and
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modular endoprosthetic reconstruction; of those, 25 (21%)
have died, six (5%) had an amputation, 39 (32%) did not
speak German and so were ineligible, and 14 (12%) were
either lost to followup or refused to participate, leaving 27
patients (14 females, 13 males; median age 19 years
[range, 12-60 years); average followup 11 &+ 4 years)
(54% of the living, German-speaking cohort) for this ana-
lysis. Tumors were located in the distal femur (n = 16) and
the proximal tibia (n = 11). Sports participation as well as
the UCLA Activity Score and the modified Weighted
Activity Score were assessed retrospectively. Moreover,
postoperative complications were evaluated.

Results Before the diagnosis of osteosarcoma and 1, 3,
and 5 years and at the latest followup, respectively, after
their reconstructions, 24 (89%), nine (33%), 20 (74%), and
24 patients (89%) were able to perform sports activities.
There was a reduction in high-impact activities. Those
patients with followup longer than 5 years had no changes
in sports activity at their latest followup. Patients who had
higher levels of sports activity levels before surgery gen-
erally had higher levels of activity at last followup (UCLA
Activity Score: r = 0.62, p < 0.0005; modified Weighted
Activity Score r = 0.49, p <0.01). Fourteen patients
(51%) underwent revision surgery. With the numbers
available, complications had no effect on sports activity.
No sports activity-related complications were found.
Conclusions Some long-term survivors of osteosarcoma
can achieve high levels of sports activity. Preoperative
activity levels seem to influence the postoperative activity
levels. This information is important to give realistic
expectations for long-term survivors of osteosarcoma of the
knee.

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

The 5-year oncologic survival rate of young patients with
osteosarcoma is approximately 80% for patients presenting
with no evidence of metastatic disease [4, 13].

In many instances, the emotional well-being among
healthy adolescents is strongly associated with participa-
tion in sports activities [13]. Physical activity has become
an important part of postcancer treatment as a rehabilitation
tool for improving general well-being and increasing
physical fitness through a significant reduction of treat-
ment-related symptoms [2]. Especially physical fitness,
psychological, and social well-being enable young athletic
patients with cancer to regain control and form a strong
cancer identity [1]. Moreover, positive expectations
regarding the disease are associated with better health
outcomes [15].

In previous studies, walking patterns as well as gen-
eral activity and quality of life were assessed in patients
with osteosarcoma [8, 19]; however, no detailed assess-
ment of sports activity levels was performed and no data
exist with regard to time course of sports activity levels
postsurgery. Physical activity levels after elective joint
arthroplasty have been well studied. Those patients
however undergo surgery around the sixth decade, and
general activity levels are less than would be expected
for a young patient with tumor. They also have other
comorbidities that may affect the ability to do sports.
Furthermore, standard TKA is associated only with minor
loss of bone mass and the total preservation of muscle
mass [17]. Most of the patients can safely return to low-
impact activities [11, 18]. However, there are little data
on activity levels after joint reconstruction with modular
tumor endoprostheses in patients with sarcoma [19]. To
give patients a realistic expectation of what can be
achieved years after surgery, it is essential to know what
activities can be done and which factors affect sports
activity.

Therefore, the purpose of this case series was to evaluate
(1) sports activity levels in long-term survivors of osteo-
sarcoma about the knee who received a modular tumor
endoprostheses; and (2) to determine if activity level
changed over time from initial reconstruction or (3) was
predicted from sports activity level before diagnosis; and (4)
if complications that occurred affected sports or contributed
to prosthetic failures.

Patients and Methods

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

Inclusion criteria for this study were (1) osteosarcoma of
the knee and reconstruction with a modular endoprosthesis
at followup of 5 to 15 years; (2) age 12 to 65 years at the
time of surgery; and (3) German-speaking (Austria, Ger-
many, Switzerland). Data were retrieved from the
institution’s Bone and Soft Tissue Tumor Registry and
complemented by thorough chart reviews. All tumors in the
patients were diagnosed by the local department of
pathology.

A total of 120 patients had an osteosarcoma located
around the knee, distal femur, or proximal tibia and
received endoprosthetic reconstruction with a modular
endoprosthesis. In 25 cases, the patients had died and six
patients had a subsequent amputation of the affected limb,
because of infection, local recurrence, or failure of the
prosthesis. From the remaining 89 patients, S0 were Ger-
man-speaking. We excluded non-German-speaking
patients from other countries to avoid language based bias.
Forty-one patients fulfilled the criteria to be included in the
study. Eight patients were lost to followup. Six patients
refused participation in the study. Four of these patients
were in good condition, one had neuropathy, and one had
to undergo revision surgery because of bushing wear.
Overall there were 27 patients (14 females, 13 males) with
a mean age at the time of surgery of 25.5 &+ 13.5 years and
a median of 18.8 years (range, 12.6-60.1 years) (Fig. 1). In
16 cases (nine females, seven males), the tumor was
located in the distal femur and in 11 cases (five females, six
males) in the proximal tibia. The average followup was
11.2 £ 3.7 years (range, 5.3-15.6 years). In 26 patients, a
conventional high-grade osteosarcoma and in one patient a
parosteal G2 osteosarcoma in a person who received che-
motherapy were included.

Six patients were treated according to the Cooperative
Osteosarcoma Study (COSS 86) [22], 17 patients received
the modified treatment of the Cooperative Osteosarcoma
Study (COSS 96) [3], and two each were treated according
to the principles of the European and American Osteosar-
coma Study (EURAMOS) [21] and EUROpean Bone Over
40 Sarcoma Study (EURO-BOSS) [4].

Surgical Technique

Tumor resection was carried out according to the principles
of Enneking et al. [7]. All patients were treated with
cementless modular tumor endoprostheses. Twenty-four
patients received a Kotz Modular Femur Tibia Reconstruc-
tion System® (KMFTR; Howmedica International, Inc,
Kiel, Germany) fixed hinge, a Global Modular
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Fig. 1 Elimination of patients resulting from death, lost to followup, amputation, age, and refusal is shown.

Reconstruction System (Stryker Osteonics, Kiel, Germany)
rotating hinge, one of them a distal femur, and the other one a
proximal tibia. One patient received an extendable KMFTR
(Stryker Howmedica Osteonics, Kiel, Germany) with its
main component located at the proximal tibia. She received
the prosthesis at age 13.5 years. Three years later the system
was changed to a standard KMFTR. The patient has a total
followup of 15.58 years and therefore was included. In six
patients (three distal femurs, two proximal tibias, and one
patient with an extraarticular resection of the distal femur
and proximal tibia), an augmentation of the insufficient
extensor apparatus with the Ligament Augmentation and
Reconstruction System (LARS ®, Arc sur Tille, France) was
used [6]. In five patients, the extensor apparatus was recon-
structed with a pedicled gastrocnemius flap.

Outcome Parameters

The sports activity levels and the performed athletic
activities before diagnosis of the osteosarcoma as well as
postoperatively until the time of the latest followup were
assessed retrospectively in the course of an interview
designed for this study. One person (NWL) did the inter-
view by telephone contact. The UCLA Activity Score [24]
and the modified Weighted Activity Score [16] as well as
the type of sports, the frequency per week, and the duration
of each training session were assessed retrospectively at the
latest followup for the time before diagnosis (-1), the first
year after surgery (41), 3 years after surgery (+3), and
5 years after surgery and the time of followup (45/latest
followup). In addition, we performed a database analysis.

We determined impact levels according to Mont et al. [16]
who developed a questionnaire for assessing regular par-
ticipation in sports based on corresponding impact points to
the Knee Society recommendations of 1999 [10]: 1 rec-
ommended, 2 recommended with experience, and 3 not
recommended: low impact (hiking, swimming, golf, bicy-
cling, aerobics, dancing), intermediate impact (skating,
tennis, skiing, weightlifting machines), and high impact
(soccer, volleyball, jogging, martial arts, hockey, gym-
nastics, basketball) [16].

Complications

We classified our complications according to a comprehen-
sive failure mode classification of tumor endoprostheses
[12]. In addition, we recorded service operations because of
bushing wear and polyethylene wear components of the
endoprosthesis. Furthermore, we recorded oncological
complications such as metastases and local recurrence.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
5.0 software (San Diego, CA, USA). Repeated-measures
analysis of variance (ANOVA) with Bonferroni’s multiple
comparison post hoc test was used to assess statistical
significance between all investigated scores at pre- and
postoperative time points. Repeated-measures two-way
ANOVA was used to assess the effects of the presence and
absence of complications on all scores at multiple time
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Table 1. Frequency and duration of most common sports per week and change of duration and frequency per week

Sports Time Frequency per week Duration (hours) Percent of patients
Bicycling/exercise bike 1 year pre-OSA 3.6 £23(1-7) 1.2 £ 05 (1-2) 59.3
1 year postsurgery 1.8 £ 0.8 (1-3) 1.2 £ 0.6 (0.5-3) 222
3 years postsurgery 3.+£221-7) 1.0 £ 0.4 (0.5-2) 44.4
5 years postsurgery 3.1£23(1-7) 1.1 £ 0.4 (0.5-2) 55.6
Swimming 1 year pre-OSA 1.4 + 0.7 (1-3) 0.9 + 0.5 (0.5-1) 37.0
1 year postsurgery 1.0 0.6 + 0.3 (0.5-1) 14.8
3 years postsurgery 1.3 £ 0.8 (1-3) 0.8 £ 0.3 (0.5-1) 222
5 years postsurgery 1.2 £0.7 (1-3) 0.9 £ 0.5 (0.5-2) 333
Hiking/Nordic walking 1 year pre-OSA 0.8 + 0.3 (0.5-1) 3.8+ 0.5 34) 14.8
1 year postsurgery 1.0 3.7+ 0.6 3-4) 7.4
3 years postsurgery 1.0 3.5+0.7(34) 11.1
5 years postsurgery 1.4 £ 0.8 (1-3) 28+ 1.2 (14 222
Fitness center 1 year pre-OSA 2.0 1.00 7.4
1 year postsurgery 1.3 £ 0.6 (1-2) 1.7 £ 0.6 (1-2) 11.1
3 years postsurgery 1.8 £ 0.8 (1-3) 1.7 £ 0.8 (1-2) 222
5 years postsurgery 1.9 £ 0.7 (1-3) 1.6 £ 0.8 (1-3) 259
Walking (> 3 km) 1 year pre-OSA 3.00 1.00 3.7
1 year postsurgery 7.00 1.00 3.7
3 years postsurgery 7.00 1.00 7.4
5 years postsurgery 7.00 1.00 7.4

Frequency (days/year)

Duration (hours) Percent of patients

Skiing/snowboarding 1 year pre-OSA
1 year postsurgery
3 years postsurgery

5 years postsurgery

18.6 & 28.9 (6-90)
16.0 & 12.7 (7-25)
10.8 &£ 9.5 (5-25)
10.8 &£ 9.5 (7-25)

58 + 1.2 (3-7) 29.6
45 £ 2.1 (3-6) 74
50 + 1.4 (3-6) 14.8
50 + 1.4 (3-6) 14.8

Values are mean £ SD with ranges in parentheses; OSA = osteosarcoma.

points. Spearman rank correlation was used to assess the
correlation between the various scores at matching time
points. A p value < 0.05 was considered statistically
significant.

Results

Twenty-four patients (89%) were performing regular ath-
letic activity before diagnosis. The most popular sports
were bicycling (59%), swimming (37%), jogging (33%),
alpine skiing (30%), soccer (22%), and basketball (19%).
Fifteen patients (55%) were participating in high-impact
sports. In the first, third, and fifth years postoperatively,
nine (33%) 20 (74%), and 24 (89%) patients, respectively,
performed sports on a regular basis. At the latest followup,
the most common sports were cycling/exercise biking
(59%), swimming (33%), alpine skiing/snowboarding
(15%), fitness training (fitness center) (26%), hiking/Nor-
dic walking (22%), and walking (> 3 km) (7%) (Table 1).

@ Springer

One patient continued with jogging and another one was
playing soccer 5 years postsurgery (7.4% participating in
high-impact sports).

The mean UCLA score showed a 52% (3.52 £ 2.15/
7.22 £ 2.26) reduction (p < 0.001) after 1 year postsurgery
when compared with preosteosarcoma levels. When com-
pared with 1-year postoperative levels, there was a
significant 30% (4.59 £ 2.04/3.52 & 2.15) (p < 0.05)
increase at 3 years postsurgery and 50% (5.30 £ 1.88/
4.59 £ 2.04) (p < 0.05) increase 5 years postsurgery and at
the latest followup respectively (Fig. 2A). The modified
Weighted Activity Score showed an 80% (1.59 % 3.29/
20.44 £ 17.40) reduction (p > 0.001) at 1 year postopera-
tively when compared with preosteosarcoma levels at 1 year
postsurgery. However, no significant postoperative change
could be detected in the following years (Fig. 2B). Further-
more, the frequency of the sports performed as well as their
duration changed. Cycling and swimming were performed
less often in the years after surgery compared with predi-
agnosis levels. Interestingly, hiking was performed more
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Fig. 2A-B The average UCLA Activity Score (A) and modified Weighted Activity Score (B) preoperatively and postoperatively are shown.
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Fig. 3A-B Correlation between preoperative and long-term followup of the UCLA Activity Score (A) and of the modified Weighted Activity

Score (B) is shown.

often after surgery than before the diagnosis and workouts at
the gym were longer but at the same rate in the years after
surgery. Most patients achieved their maximum activity
levels at 5 years postsurgery. Both the patient with the
expandable prosthesis and the patient with the replacement
of the distal femur and proximal tibia had median sports
activity levels. Therefore, there were no statistical outliers.

Patients who were more active before diagnosis were
also most active postoperatively (Fig. 3). Increased pre-
operative sports activity levels and the long-term followup
sports activity levels were correlated in the UCLA score
(r = 0.62, p < 0.0005) and the modified Weighted Activ-
ity Score (r = 0.49, p < 0.01).

Surprisingly, with numbers available we observed no
difference with regard to functional outcome and sports
activity levels for the UCLA score and the modified
Weighted Activity Score between distal femoral and
proximal tibia replacement and therefore data were pre-
sented as one group.

With the numbers available, there were no differences in
age as well as in sports activity levels of patients with pros-
thesis-related complications (51.9%) and without (Table 2).

The size of the modular tumor endoprosthesis had some
influence on sports activity (rs = —0.467, p < 0.014) for
the UCLA Activity Score at 5 years postsurgery. The lar-
ger the prosthesis, the lower the activity level. No
significant correlation for the size of the prosthesis and the
modified Weighted Activity Score was found.

Furthermore, no sports-related complications, like injuries
of the ankle, ligaments of the contralateral knee, or peripros-
thetic fracture, were observed. We observed metastases to the
lung in one patient, who is 3 years without evidence of disease
after hemipneumectomy. Four patients slightly limped and one
patient was not performing any sports and used a brace.

In general, low-impact sports were performed by most
of the patients. No differences in sports activity levels in
patients with fixed hinged or rotating hinge tumor endo-
prostheses were observed.
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Table 2. Complications, demographics, Type 1 soft tissue failure, Type 2 aseptic loosening, Type 3 structural failure, Type 4 Infection, and Type 5 tumor progression (local recurrence)

@ Springer

Type of complication

Complication
management

Total

Type 5

Type 4

Type 3

Type 2

Type 1

0/27 14727 (52%)

0/51

9/27 (33%); 4127 (15%)"
17/51 (33%); 7/51 (13)"

8127 (30%) 3/27 (11%) 7127 (26%); 6/27 (22%)*
3/51 (6%)

20/51 (39%)

Overall™

51 (14 patients)

11/51 (21.6%); 8/51 (16%)*

Revision surgery/total

operations *

3.6 (51/14)

1.9 (17/9); 1.8 (7/4)"

1 (3/3) 1.6 (11/7); 1.3 (8/6)*

2.5 (20/8)

Revision surgery/
patient™

1.3 £ 1.9 years,

5.5 £ 3.4 years,

3.1 £ 4.0 years

3.6 £ 2.9 years (7 weeks

Time to revision®

2.4 + 1.7 years'

4.6 £ 3.4 years*

(42 weeks to
7.8 years)

to 7.1 years)

(3 weeks to 4.4 years)

(1 week to 9.5 years)

* Patients with bushing failure/polyethylene wear of total number of patients with Type 3 failure; 'patients with deep infection (revision of the modular tumor endoprosthesis) of total number of

patients with Type 4 failure; *number (percent); average & SD (range).

Discussion

Osteosarcoma mainly affects adolescents and young adults
[9]. Emotional well-being among healthy adolescents is
often strongly associated with participation in sports
activities [20]. Currently we know little about the ability of
long-term survivors returning to sports activity after
modular tumor endoprosthesis of the knee. Therefore, the
purpose was to evaluate sports activity and to determine if
activity level changed over time from initial reconstruction
or was predicted from sports activity level before diagnosis
and if complications that occurred affected sports or con-
tributed to prosthetic failures. Approximately 89% of our
patients were regularly participating in athletic activity
before osteosarcoma as well as 5 years postoperatively and
at the latest followup. This indicates that sport is a very
important part of the life of these young patients. Only few
patients were able to perform any sports in the first year
postsurgery. Interestingly, sport activity increased at each
time period up to 5 years postsurgery.

There are several limitations to this study. We only
included German-speaking, healthy long-term survivors,
therefore causing selection bias, to avoid language-based
bias. We had to exclude patients from abroad who were
initially treated at our department, because communication
was not possible and because they were lost to followup.
As a result of the small size of our study population, sex-
specific issues could not be addressed. Likewise, those who
chose to participate were those who were more athletically
involved at diagnosis. These issues almost certainly rep-
resent a high-end estimate of sports participation; patients
whose health status was worse than those who participated
here almost certainly do not engage in sports to the same
degree. Our findings are not representative of the entire
tumor population. Furthermore, our results might be dif-
ferent from studies in other countries with other cultural
backgrounds and different attitudes toward sports. It is
possible that the sport level in German populations differs
in type and intensity with those of other nationalities. The
age distribution of our patients included older patients,
which might not be comparable to the standard age dis-
tribution of patients with osteosarcoma in general. Our data
were compiled by a recall interview, which may have
introduced recall bias regarding sports activities at diag-
nosis and earlier in the followup periods. The study sample
size is too small to give general recommendations with
regard to sport activities. We currently recommend only
low-impact activities to our patients.

Sheiko et al. [19] reported that children undergoing limb
salvage procedures for bone tumors demonstrate signifi-
cantly less daily activity and lower activity levels than age-
matched control subjects. They were the first to publish
data on sports activity after prosthetic and allograft
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reconstruction of the proximal femur, the distal femur, and
the proximal tibia in adolescents with osteosarcoma,
Ewing’s sarcoma, and other malignancies. The study as-
sessed walking patterns as well as the Activity Scale for
Kids. However, it is hard to compare with our results
because of the different assessment, the heterogeneity of
procedures, location of the tumor, and type of sarcoma.

We observed a decrease in activity levels in the first
postoperative year and from then on a steady increase up
until first 5 years after surgery. The activity levels reached
5 years or later after surgery were higher than at the other
postoperative time periods. A change from high-impact to
low-impact athletic activity was observed. Only two
patients (7.4%) were able to return to high-impact sports
(jogging, soccer) and approximately more than one-third to
moderate-impact sports (alpine skiing, fitness training).
More than two-thirds were able to return to low-impact
sports (biking, swimming, Nordic walking) at the latest
followup. These changes over time were also measured
using sports activity scores that showed a significant
reduction in the first year postsurgery compared with pre-
osteosarcoma levels and a steady increase in activity levels
up until 5 years postsurgery when maximum levels were
achieved. Winter et al. [23] compared activity levels of
survivors of leukemia and bone tumors with a healthy
control group by analyzing the number of daily gait cycles.
This study demonstrated that activity levels in cancer sur-
vivors, especially in patients with bone tumors, are
dramatically reduced.

We also found that patients who performed more sports
preoperatively tended to exercise more postoperatively as
well. Similar to our findings, Chatterji et al. [5] reported
that those who did more sports before TKA were more
active postoperatively (r = 0.482, p < 0.001). One expla-
nation is that patients performing sports before surgery
were more likely to return to sports because they were
motivated to participate in athletic activity in the first
place. This motivation may have influenced their postop-
erative rehabilitation to facilitate postoperative success.

We found that complications had no influence on the
patients’ sports activity levels with the numbers available.
Although a reoperation was definitely a setback with regard
to the activity levels, it did not affect the activity levels in the
long term. We had a high rate of complications among our
patients, which led to a revision of the prosthesis rate in 50%
of the patients. Mittermayer et al. [ 14] reported that 19 of 41
patients (46.3%) treated with a modular tumor endopros-
thesis had a second surgery because of major complications
within a mean followup of 11.5 years. Furthermore, one
patient had metastases. We found that the ability to partic-
ipate in sports activity in a regular fashion was not affected.
The type of complication and the time of occurrence had
little influence on the activity level of our patients.

Moreover, the level of sports activity had no influence on
revision rate and structural failures. None of the patients
reported sports-related injuries. Nevertheless, we do not
know for sure if patients who do more activities increase the
likelihood or at least reduce the time to bushing failure or
stem loosening. None of the patients reported sports-related
injuries like periprosthetic fracture or injuries of the ankle or
ligaments of the contralateral knee.

In summary, we conclude that selected long-term sur-
vivors of osteosarcoma can reach high levels of sports
activity although the types of activities may change over
time. With the numbers available, complications did not
result in a sustained decrease in sports activity levels in the
long term and patients who did more sports preoperatively
tended to do more postoperatively.
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