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Abstract Introduction Due to higher survival rates among patients with bone tumors, there is
a growing interest in determining these individuals’ limb functionality and psychoso-
cial prognosis.
Objectives This study aimed to analyze the differences in functionality and quality of
life (QoL) related to health in patients diagnosed with a malignant bone tumor during
childhood, according to the type of surgery performed.
Materials and Methods A cross-sectional study was performed for patients older than
14yearswhotreated forosteosarcomaorEwing’s sarcomaof the lower limbbywhoreceiving
surgery. Toassess lower limb functionality andQoLamongpatients survivingmalignantbone
tumors, 19 patients surviving osteosarcoma or Ewing’s sarcoma of the lower extremity were
studied. An evaluation of functionality and QoL was done using the “Enneking and Medical
Outcomes Study Short-Form36 scales.”Wecompared the functional results according to the
surgical technique used. Categorical variables were compared according to the Mann–
Whitney and Kruskal–Wallis tests, with an established 95% level of significance.
Results QoL among patients who had conservative surgery was not significantly
better than amputee patients in the physical or mental aspects, nor in any of their
components. Limb functionality, according to Enneking’s staging, was significantly
higher in non-amputee patients (p¼0.035).
Conclusion According to the data analysis done in this study, the QoL was found to be
not significantly different, based on the type of surgery performed; however, there
were differences in limb functionality.
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Introduction

In the last few decades, advances in the oncologic treatment
of patients with malignant pediatric bone tumors have
observed an improvement in cure rates, leading to higher
numbers of cancer surviving patients.1 In Peru, osteosarcoma
and Ewing’s sarcoma are the most common malignant bone
tumors, reporting aggressive and metastatic behavior in
around 40% of cases. The most common location for tumor
development is the lower extremity of the human body.2Due
to the high intensity of the oncologic treatment that includes
chemotherapy, surgery, and radiotherapy, survivors could be
stricken by a series of future sequelae affecting their quality
of life (QoL), both physically and mentally.3

Definitive surgery of malignant bone tumors with the aim
of complete removal of the tumoral lesion (amputation or
member disarticulation) can be radical. However, the con-
servative surgery approach has been most commonly used
by Peruvian institutions throughout the years.2 Even though
differences have been noted in limb functionality between
nonamputee and amputee patients, studies on the QoL show
contradictory results.4,5 Ignorance of long-term sequelae,
both medical and psychological, is a growing public health
issue, since conducting such research studies on those topics
would allow for formulation of preventive measures or early
intervention approaches which are important among sur-
viving patients who reach adulthood.6

This study compares lower extremity functionality and the
QoL of young patients surviving malignant bone tumors who
have undergone a specific type of surgery performed in a
developing country. The study also examines statistically sig-
nificantdifferences between the twogender populations, since
vast literature and extensive research support the fact that the
incidence of bone tumors (of lower extremity) occurs consid-
erably more in male populations than in their female counter-
parts; the gender differences are shown to differ statistically in
their postsurgical prognosis. This study included key postsur-
gerymetricsofQoLandoverall functionality. Theywerefurther
explicitly evaluated in the nonamputee surviving patientswith
lowerextremitymalignant bone tumors and compared, aswell
as contrasted the gender-based differences.

Methods

Study Population
Peru is a South American country with a total population of
32.2 million inhabitants. At least 1,790 children and adoles-
cents (0–19 years old) are affected with cancer each year.7

Principal hospitals attending childrenwith cancer in Peru are
either a part of the Ministry of Health (MINSA), Social
Security (EsSalud), or private sector. Rebagliati Hospital
works as a public general hospital of EsSalud, attending
nearly 120 children and adolescents with cancer every year.

Inclusion Criteria
Patients older than 14 years old at the time of the study and
diagnosed with osteosarcoma or Ewing’s sarcoma of the
lower extremity as a child or adolescent (younger than

18 years old) were included for treatment from January 2002
to December 2014 in the Adolescent and Pediatric Oncology
Unit at Rebagliati Hospital in Lima, Peru. Patients who had
received surgical treatment and follow-up for at least 2 years
after the end of treatment were included as well.

Exclusion Criteria
Patients were excluded if they were critically ill or unable to
consent.

The sample size used in this study was determined based
on a sufficient statistical power (80%) to detect at least 10%
differences in outcome measures at a 5% significant level.
According to the study protocol, the lowest age to answer
questionnaires was decided to be 14 years of age.

Data Collection
Data on demographics, clinical characteristics, and treatment
outcomeswere collected by revision ofmedical records. Based
on the type of surgery, patients were separated into amputees
and those who received conservative surgery. This study
further analyzed thegenderdifferenceswith similardiagnoses
and surgical approaches (in nonamputee survivors). Patients
were contacted by phone or interviewed in person to answer
the questionnaire onMedical Outcomes Short (MOS) Form-36
Health Survey (SF-36; Supplementary Material S1; available
in theonlineversion); a toolwidelyused internationally to rate
the QoL. Additionally, the Enneking score (Musculoskeletal
Tumor Society [MSTS]; Supplementary Material S2; available
in the online version)was used to estimate the functionality of
the previously affected extremity. Based on the questionnaire
responses, the analysis was done to understand differences in
life quality and extremity functionality since disparities in
those areas had been reported in the past based on the gender
of the patient. Primary outcomes measured were limb func-
tionality and QoL, whereas secondary outcomes measured
were social functioning and overall health perception.

Statistical Analysis
Categorical variables were compared according to Mann–
Whitney (bivariable) and Kruskal–Wallis (multivariable)
tests to the scores obtained in the questionnaire on MOS
SF-36 and the Enneking score, with an established 95% level
of significance.

Ethics
The study was performed following the principles set out in
the Helsinki Declaration and was approved by the Rebagliati
Institutional Ethics Committee in July 2018. Informed pa-
tient consent was obtained prior to enrolment to all partic-
ipants (Supplementary Material S3; available in the online
version). In the case of patients younger than 18 years,
parental consent was also needed.

Results

From 2002 to 2014, 27 cases of patients surviving bone
sarcomas of the lower extremity were registered. Out of
those, five could not be located, and three patients died in
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another institution due to the progression of the disease.
Nineteen patients (11 males and 8 females) with an average
current age of 20 years were studied. Seven patients were
from Lima while 12 were from several regions of Peru
(Arequipa, Callao, Cajamarca, Trujillo, and Tacna). Seventeen
patients received a diagnosis of osteosarcoma and two were
diagnosedwith Ewing’s sarcoma. The most common surgical
approach used was conservative surgery (15 cases, 78.9%),
amputation being the least frequent among survivors
(4 cases, 21.1%). At the time of diagnosis, the average age
of patientswas 15 years, that is, most were adolescents. Most
survivors of bone sarcomas of the lower extremity presented
localized disease (16 cases, 84.2%). The group of patientswho
underwent conservative or salvage surgeries presented a
higher incidence of postsurgical complications (neurovascu-
lar injuries and deep wound infections) compared with the
group of amputee patients (33.3 vs. 0%; ►Table 1).

QoL among patients who had conservative surgery was not
significantly better than amputee patients in either the physi-
cal ormental aspects, nor in anyof their components (►Fig. 1).
Among nonamputees, social functioning (p¼0.014) and over-
all health perception (p¼0.026) were better among men

(►Table 2). Limb functionality, according toEnneking’s staging,
was significantly higher in nonamputee patients (p¼0,035).

Discussion

Our study focuses on evaluating the QoL and lower extremity
functionality among patients surviving malignant bone

Table 1 Clinical features of patients surviving malignant bone tumors of the lower extremity according to type of surgery

Patients who had conservative surgery
of lower limb (n¼15)
Median (range)/n (%)/mean� SD (range)

Patients who had amputation
surgery (n¼4)
Median (range)/n (%)/mean� SD (range)

p-Value

Age at diagnosis (y) 15 (11–17) 15 (13–15)

Current age (y) 20 (14–25) 21.5 (16–27)

Gender

Male 7 (46.7) 1(25)

Female 8 (53.3) 3 (75)

Diagnosis

Osteosarcoma 13 (86.7) 4 (100)

Ewing’s sarcoma 2 (13.3) 0 (0)

Stage

Localized 14 (93.3) 2 (50)

Metastatic 1 (6.7) 2 (50)

Tumor location

Distal femur 8 (53.3) 3 (75)

Proximal femur 2 (13.3) 1 (25)

Proximal tibia 4 (26.7) 0 (0)

Fibula 1 (6.7) 0 (0)

Postsurgical complications

Yes 5 (33.3) 0 (0)

No 10 (66,7) 4 (100)

Quality of life

Physical functioning SF-36 79.1�7.4 (64.8–93.2) 78.04�5.1 (71.6–83.7) 0.76

Mental health SF-36 76.2�9.6 (60–97.3) 71.6�7.1 (62.2–68.6) 0.45

Enneking’s test

Total score (%) 78�14.6 (53.3–100) 59.1�18.3 (50–86.6) 0.035

Abbreviations: SD, standard deviation; SF-36, Short Form-36 Health Survey.

Fig. 1 Quality of life among patients who had conservative surgery.
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tumors in the transition period between adolescence and
adulthood facing challenges linked to the oncologic treatment
they received. We found no significant difference in the QoL,
neither in the physical or mental aspects, nor in any of their
components among patients who had conservative surgery
versus amputation. In past decades, amputation was the
treatment of choice for localized disease control of malignant
bone tumors. Now, both national and international organiza-
tions support the idea that conservative surgery is the stan-
dard treatment and a priority in the multidisciplinary team
against osteosarcoma and Ewing’s sarcoma.2,8,9 This subject is
acquiring relevance in public health due to the potential need
to employ additional resources or support services in physio-
therapy and psychosocial therapy.7,10

Most studies involving patients surviving pediatric bone
tumors have been conducted in high-income countries and
do not specifically examine patients whose lower limbs
have been compromised.11,12 In our study, the QoL among
amputee patients compared with that of the group
who underwent conservation surgery did not change sig-
nificantly, a finding similar to that of most studies,8,9,13–17

but different from others.18–20 Nevertheless, the function-
ality of the extremity was significantly higher in the group
of patients who had conservative surgery, as reported in
other studies.21,22

Although patients surviving bone sarcomas could suffer a
series of subsequent events (recurrences, new surgeries on
the affected limb, metastasis, or retarded effects of medica-
tion), their adaptation level to the social environment relat-
ing to educational, or employment level is notmuch different
from that of the general population.4,5 It is important to note
that postsurgical complications are generally more common

in patients who had conservative surgery, as shown in our
study.16,19

Related to gender, this study showcases that social func-
tioning and overall health perception were better among
men in the group of patients who had conservative surgery.
This is consistent with several literature reviews produced
which predominantly stated, although lower extremity bone
tumors are more common in males, their QoL and functional
scores are statistically more than that of females (based on
variations of the Mann–Whitney test).23,24 In contrast, a
study showed that men had diminished performance in
the work environment and were less likely to be married.7

Limitations and Strengths

Within the limitations of our study, there is a potential
selection bias. This is because some patients were excluded
from this study, since they could not be located or contacted,
probably leaving aside survivors with more significant
performance difficulties or greater negative impact on their
QoL. Another drawback involves the retrospective nature of
the study with the limited number of cases per group since
bone sarcomas are infrequent pathologies with high mortal-
ity rates, especially in lower- and middle-income countries.
Among the strengths of this study, it is essential to note that
evidence has been produced of a relatively homogeneous
group of patients who have mostly undergone conservative
surgeries, a treatment approach demonstrating an upward
trend in terms of its utility, further providing evidence in a
country of limited resources. Future research should focus on
a better understanding of these patients’ functional status
and QoL.

Table 2 Comparison by gender of different scales of quality of life and functionality in nonamputee patients surviving malignant
bone tumors of the lower extremity

Category Male (n¼ 7)
Mean� SD (range)

Female (n¼8)
Mean� SD (range)

p-Value

Enneking’s test

Score (%) 76.2� 12.7 (53.3–86.7) 79.6� 16.9 (53.3–100) 0.75

Quality of life

Physical functioning SF-36 79.5� 7.7 (64.9–90.5) 78.7� 7.7 (68.9–93.2) 0.82

Mental health SF-36 79.8� 9.9 (65.3–97.3) 73.2� 8.8 (60–88) 0.18

Components

Bodily pain 70.1� 1 2.5 (45.5–81.8) 73.9� 18.5 (45.5–90.9) 0.31

General health 83.4� 6.3 (72–92) 75.5� 6.6 (68–88) 0.026

Mental health 81.4� 11 (66.7–100) 76.7� 10.4 (66.7–96.7) 0.38

Role emotional 90.5� 13.1 (66.7–100) 87.5� 23.1 (50–100) 0.78

Social functioning 82.9� 17 (50–100) 67.5� 12.8 (50–80) 0.014

Vitality 72� 13.8 (58.3–100) 66.1� 7.9 (54.2–75) 0.45

Role: physical 80.4� 15.9 (62.5–100) 85.9� 12.4 (62.5–100) 0.47

Physical functioning 79.5� 9.7 (66.7–90) 81.3� 11.8 (66.7–96.7) 0.86

Abbreviations: SD, standard deviation; SF-36, Short Form-36 Health Survey.
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Conclusion

In conclusion, this study indicates that theQoL of patientswho
have suffered bone neoplasia of the lower extremity during
theirpediatric years inadevelopingcountry isnot significantly
different due to the nature of the surgery performed, even
though therewere differences in limb functionality. The latter
increased among patients who underwent conservative sur-
gery. A subsequent analysiswith a larger number of patients is
needed to verify such results.
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