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ABSTRACT

We conducted this study to analyze the quality of life using the SF-36 health questionnaire and the MSTS scores de-
pending on surgical method and the primary site of occurrence. On the surgical method, the limb salvage had more ex-
cellent outcomes (60.9) than the amputation (46.3). The tumor prosthetic replacement had notably higher scores (62.5)
than any other methods. For the correlation coefficients on the MSTS and SF-36, the Physical Function had the highest
degree of correlation. Excellent functions of the extremities would lead to a good quality of life.
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1. Introduction

With recent advances in treatment methods for osteosar-
coma, a combination therapy of surgery, chemotherapy
and radiotherapy has greatly improved long-term sur-
vival rate [1-3]. Traditional treatment method for patients
with osteosarcoma mainly include limb-salvage surgery
and amputation. Controversial opinions remain regarding
the outcomes between the two methods. In recent years,
however, an increased number of studies have reported
that the treatment outcomes of limb-salvage surgery have
improved [4-6]. Moreover, limb-salvage surgery has be-
come increasingly common. Since the 2000s, its applica-
tion has been almost popularized. The 5-year survival of
patients underwent limb-salvage surgery has increased to
60% - 70%. On the other hand, orthopedic surgeons con-
front challenging problems related to limb-salvage sur-
gery such as complications associated with the delayed
chemotherapy (secondary malignancy or infertility) and
postoperative complications such as infection and the
mechanical failure or instability of the metal prosthesis
[7-9]. Many studies have reported on the functional
status of the extremities on the affected side in long-term
survivors from osteosarcoma [10-13], however, there are
insufficient about the quality of life [14-20]. So we con-
ducted this study to evaluate the quality of life in long-
term survivors from osteosarcoma. The goal of this study
is to examine which limb salvage surgery is the most
effective in improving the long-term survivors’ quality of
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life. Moreover, the correlation of limb function and QOL
was studied to clarify the effects of limb function on the
long term QOL.

2. Patients and Methods
2.1. Patients

Of the patients who were diagnosed with osteosarcoma at
our medical institution from December 1989 to Decem-
ber 2007, 96 cases were long-term survivors who could
be followed up during a minimum period of six years. Of
those cases, 47 were available for a questionnaire survey.
Informed consent was obtained from the patients before
conducting the questionnaire. These cases had a mean
age of 31.2 years, 25 were men and 22 were women. Of
the 47 cases, 7 underwent amputation and the 40 had a
limb-salvage surgery. Of the cases who underwent limb
salvage surgery, 25 underwent tumor prosthesis replace-
ment, 6 had allografts, and 5 had recycling autografts (2
extracorporeal irradiation and 3 pasteurization). Accord-
ing to anatomical region, there were 6 cases involving
the upper extremities (3 cases of the proximal humerus, 2
cases of the distal radius and one case at the scapula) and
41 cases involving the lower extremities (23 cases of the
distal femur, one case involving the femoral shaft, 13 cases
involving the proximal tibia, two cases at the distal tibia,
one case at the patella and one case at the calcaneus).

2.2. Study Methods

2.2.1. Quality of Life Assessment
As a tool for assessing the quality of life in long-term
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survivors, the SF-36 health questionnaire was performed
using telephone and outpatient interviews. The question-
naire has been widely used worldwide, and its validity
has been well demonstrated in studies. It is therefore
considered a valid and reliable questionnaire [21]. It is a
simple questionnaire consisting of only 36 questions.
National standards of the Korea are also available [21].
For these reasons, the SF-36 was considered to be appro-
priate for the QOL assessment of long-term survivors of
osteosarcoma and was selected for our evaluation. The
SF-36 is composed of eight parameters: Physical func-
tioning (PF), physical role (PR), bodily pain (BP), gen-
eral health perceptions (GH), vitality (VT), social func-
tioning (SF), emotional role (ER) and mental health
(MH). Following the questionnaire survey, scores on the
eight parameters were converted into values that were
adjusted to a mean of 50 points and a SD (SD: standard
deviation) of 50 points. Based on a cut-off value of 50
points, the results of the current study could be inter-
preted and analyzed [21]. A total of 47 long-term survi-
vors were divided into two groups: the amputation group
(n =7) and the limb-salvage surgery group (n = 40). This
was followed by a comparison of the scores on the SF-36
health questionnaire survey between the two groups. In
addition, we also classified the patients who underwent
limb salvage surgery into cases of tumor prosthesis re-
placement, allo-bone graft, autologous bone graft (extra-
corporeal irradiation, pasteurization). Then, we evaluated
a comparative analysis of these groups.

2.2.2. Limb Function Assessment

To assess the function of the extremities in long-term
survivors, we used the American Musculoskeletal Tumor
Society (MSTS) Scores [10]. The MSTS score is widely
used for the evaluation of affected limb function. Lower
limb function was evaluated according to six parameters:
pain, function, emotional acceptance, supports, walking
and gait, each of which was scored with a full mark of 5
(total of 30). Upper limb function was evaluated accord-
ing to six parameters: pain, function, emotional accep-
tance, hand positioning, dexterity and lifting ability, each
of which was scored with a full mark of 5 (total of 30).
Thus, we compared the functions of extremities between

the amputation group and the limb-salvage surgery group.

In addition, by comparing the methods of limb-salvage
surgery, we attempted to determine which is the best
treatment option on limb function.

2.2.3. The Correlation between the Quality of Life
and the Functions of Extremities

To identify the correlation between each parameters on

the SF-36 health questionnaire survey and the MSTS

Scores, we used the Pearson’s correlation coefficient.

Thus, we attempted to analyze the correlation between
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scores on the SF-36 health questionnaire and the MSTS.

3. Result
3.1. The Quality of Life Assessment

The eight parameters on the SF-36 health questionnaire
survey, i.e., physical functioning (PF), physical role (RP),
bodily pain (BP), general health perceptions(GH), vital-
ity (VT), social functioning (SF), emotional role (RE)
and mental health (MH), had a mean values of 60.5, 58.7,
61.3, 53.7, 56.2, 63.4, 60.7, 57.2, 57.2 and 63.9 points,
respectively, all of which were higher than the national
standard (Figure 1). Mean SF-36 scores between the
limb salvage surgery group and the amputation group,
were 61.0 and 47.0, respectively (Table 1). Following a
comparison of the methods of limb salvage surgery,

GH VT SF RE MH PCS MCS

Figure 1. QOL of long-term survivors of osteosaroma. The
QOL was assessed using 8 parameters. For each parameter,
the mean of the national standard of the Japanese is ad-
justed to 50 points, and the standard deviation to 10 points.
PF: physical functioning, RP: physical role, BP: bodily pain,
GH: general health perceptions, VT: vitality, SF: social
functioning, RE: emotional role, MH: mental health.

Table 1. Comparison of the QOL between the limb-sparing
and amputation groups.

Parameter Limb-sparing Amputation
(40 pts.) (7 pts.)

Mean SD Mean SD
PF 62.8 0.52 42.5 1.45
RP 60.2 0.28 47.0 0.03
BP 63.2 0.66 51.6 141
GH 55.6 1.73 40.2 2.19
VT 57.8 1.03 46.7 0.12
SF 65.0 1.23 51.4 1.35
RE 63.1 0.62 46.8 0.09
MH 59.2 0.59 44.2 0.91
PCS 58.8 0.73 47.0 0.03
MCS 65.3 1.32 53.2 1.93

SD: standard deviation, PF: physical functioning, RP: physical role, BP:
bodily pain, GH: general health perceptions, VT: vitality, SF: social func-
tioning, RE: emotional role, MH: mental health.
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mean SF-36 scores were 63.1 in the tumor prosthetic
replacement group, 58.4 in the allo bone graft group,
51.6 in the pasteurization group, and 60.7 in the extra-
corporeal irradiation group.

These results indicate that the tumor prosthetic re-
placement group of limb salvage surgery was the highest
score(Table 2). According to primary sites, mean SF-36
scores were 69.3 in the patella, 67.4 in the humerus, 66.9
in the distal femur and 66.7 in the proximal tibia.

3.2. The Assessment of the Functions of the
Extremities

Overall, mean MSTS scores, a measure of the function of
the extremities, were 23.8 (15 - 28) in a total of 47 cases.
In addition, the average score in the limb salvage surgery
group was 24.35 (15 - 28) and 21.28 (19 - 23) in the am-
putation group. The mean was 24.5 in the tumor pros-
thetic replacement group, 25 in the allo bone graft group,
23 in the pasteurization group, and 21.5 in the extracorpo-
real irradiation group of recycling autologous bone graft.

3.3. The Correlation between the Quality of Life
and the MSTS Scores

To identify the correlation between the quality of life and
the MSTS scores, we used the Pearson’s correlation co-
efficient factor. Following an analysis of the correlation
with eight parameters on the SF-36 health questionnaire,
the physical component summary (PCS) had a Pearson’s
correlation coefficient of 0.62. Of these, physical func-
tioning (PF) had the highest Pearson’s correlation coeffi-
cient (0.86). In addition, the mental component summary

Table 2. SF-36 according to type of surgery.

Tumor prosthesis  Pausteurization IORBG  Allograft

(25 pts.) (3 pts.) (2 pts.) (6 pts.)

PF 64.60 46.67 57.50 65.83

RP 61.90 50.00 56.25 57.91

BP 63.30 55.83 65.00 63.33

GH 56.80 45.00 52.50 55.83
VT 59.76 47.93 59.40 54.18
SF 66.51 54.17 75.00 59.53

RE 66.26 58.33 62.50 54.12

MH 61.58 55.00 57.50 56.67
PCS 61.16 49.37 57.80 54.73
MCS 69.30 53.80 63.60 62.10

(MCS) had a Pearson’s correlation coefficient of 0.51,
corresponding to a relatively lower degree of correlation
(Table 3).

4. Discussion

Limb salvage surgery is superior to amputation from
both psychological and functional scores. With the ad-
vancement of combination chemotherapy and radiothe-
rapy, treatment outcomes have improved rates of long
term survival. With the improved survival rate, the num-
ber of long-term survivors has also increased. This has
led to an increased interest in the quality of life. To date,
various methods have been examined and applied in ef-
forts to measure patients’ quality of life [14-18]. How-
ever, there are no established standards for measuring
quality of life [13,19]. Total care is necessary for osteo-
sarcoma patients, many of whom are children, and a
standard QOL assessment system must also be estab-
lished for the assessment of total care. For the future, we
aim to establish a standard QOL assessment system and
to perform multi-institutional collaborative studies in-
volving a greater number of patients. Currently available
tools for measuring quality of life are disease-specific or
generic health profile tools. Of these, the disease-specific
tools are disadvantageous in that interpretation of their
results can vary depending on which methods are used,
although these tools have a high sensitivity to quality of
life in specific diseases because they were designed to
respond to disease-specific questions. The reliability and
validity of many of the generic health profile tools have
been demonstrated in many studies. Overall, they are
useful to measure the quality of life. They are also ad-
vantageous in that they are useful to evaluate quality of
life in comparison with other disease groups. Of these

Table 3. Correlation between the MSTS score and SF-36.

Parameter cCc
PF 0.86
RP 0.60
BP 0.56
GH 0.62
VT 0.57
SF 0.56
RE 0.73
MH 0.60
PCS 0.62

MCS 0.51

PF: physical functioning, RP: physical role, BP: bodily pain, GH: general
health perceptions, VT: vitality, SF: social functioning, RE: emotional role,
MH: mental health, PCS: physical component summary, MCS: mental
component summay.
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CC: correlation coefficient, PF: physical functioning, RP: physical role, BP:
bodily pain, GH: general health perceptions, VVT: vitality, SF: social func-
tioning, RE: emotional role, MH: mental health, PCS: physical component
summary, MCS: mental component summary, statistically significant.
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generic tools, we used the SF-36 health questionnaire for
the current study. It has been translated in many different
languages and customized to each country. In addition,
its translated versions have been validated and revised.
Based on the telephone interviews and self-reporting
questionnaires, it can be used in a large patient popu-
lation and can give an unbiased comparison of the psy-
chological and physical factors, as well as evaluate qua-
lity of life in comparison with other disease groups.

We evaluated the quality of life in long-term survivors
from osteosarcoma in patients at our medical institution.
The mean quality of life scores were higher on a total of
eight parameters as compared with the standard values
on the SF-36 health questionnaire. But 50.5% of eligible
patients enrolled in the current study were not coopera-
tive with the questionnaire survey, which might have
affected our results. This should be considered. A majo-
rity of eligible patients who were cooperative with the
questionnaire survey had positive responses. These posi-
tive attitudes might have contributed to an improved
measure of quality of life.

All eight parameters had higher scores in the limb sal-
vage surgery group than in the amputation group. To date,
studies have also been conducted to compare the degree
of quality of life between patients undergoing limb sal-
vage surgery or amputation. Many of these studies have
shown that there is no significant difference in the long-
term quality of life between the two groups [15-18,20].
In contrast to these reports, our results showed that the
degree of long term quality of life was higher in the limb
salvage surgery group compared with the amputation
group.

Some studies have reported that the MSTS score did
not correlate with QOL [19,22]. But in this study, there
was a significant correlation between the MSTS scores
and the physical component summary (PCS) on the
SF-36 health questionnaire. But there was lower correla-
tion between the MSTS scores and the mental component
summary (MCS) on the SF-36 health questionnaire.
These results indicate that the mental health quality of
life is not wholly dependent on the function of the ex-
tremities. It was shown, however, that the function of the
extremities has a significant correlation with the quality
of life to an extent. Previous studies have shown that
limb-salvage surgery produces a variety of complications
that can lead to poor quality of life. Our results are of
significance, however, in that they showed the limb-sal-
vage surgery restored the function of the extremities and
this led to an improved quality of life.

5. Conclusion

We had the satisfactory results on all the eight parameter
of the SF-36 health questionnaire. Despite many compli-
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cations of the limb salvage surgery, the tumor prosthetic
replacement is considered an effective surgical method in
improving the quality of life. Excellent functions of the
extremities would lead to a good quality of life.
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