Hindawi Publishing Corporation
BioMed Research International

Volume 2014, Article ID 652141, 9 pages
http://dx.doi.org/10.1155/2014/652141

Clinical Study

Lower Limb Core Scale: A New Application to
Evaluate and Compare the Outcomes of Bone and Soft-Tissue
Tumours Resection and Reconstruction

Andrea Monticelli,' Davide Ciclamini,! Michele Boffano,> Elena Boux,’ Paolo Titolo,’
Bernardino Panero,' Bruno Battiston,' Raimondo Piana,> and Pierluigi Tos'

' U.0.C Muscoloskeletal Traumatology, U.O.D. Microsurgery, AO Citta Della Salute e Della Scienza, C.T.O. Hospital,
via Zuretti 29, 10100 Torino, Italy
? U.0.C Reconstructive and Oncologic Orthopaedics, AO Citta Della Salute e Della Scienza, C.T.O. Hospital, Torino, Italy

Correspondence should be addressed to Davide Ciclamini; davide.ciclamini@gmail.com
Received 27 February 2014; Revised 3 July 2014; Accepted 7 July 2014; Published 3 August 2014
Academic Editor: Khin Thway

Copyright © 2014 Andrea Monticelli et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Several methods are used to evaluate the functional outcome of tumour resections and reconstructions in the lower limb. However,
one of their most common limitations is that they are specifically developed to evaluate only oncological patients. We introduced the
Lower Limb Core Scale (LLCS) to overcome this limitation. The aim of this study was to evaluate the functional and subjective results
in the lower limb and to evaluate the use of the LLCS. We conducted a retrospective cohort study using various tools to investigate
the outcomes. The results of the LLCS were correlated with the results of other functional tests. A total of 44 patients were included
in the study. None of the demographic variables correlated with the functional or health-related quality of life (QoL) scores except
for gender, whereby male patients had an increased functional score. The correlation between LLCS and other scores was positive
(* = 0.77). The satisfactory QoL scores, and functional outcomes scores indicated the LLCS to be a reliable option for general and
specific evaluation of lower limb reconstructions. We suggest using the LLCS for comparisons of oncological reconstructions with
lower limb reconstructions in different disciplines.

1. Introduction present [6]. Surgical margins are the most important factor
associated with local tumour control [7], but obtaining good
oncological margins can also result in extensive or critical loss

of bone and soft-tissue components [8, 9].

Bone and soft-tissue tumours of the limbs represent a group
of differing and rare diseases that in the past normally
required debilitating surgical operations. In the mid-1970s,
the rate of amputation for extremity soft-tissue sarcomas
was 40-50% [1]. Since then, the combination of surgery

Pedicled and free tissue transfers have been popularised
for limb preservation and are useful techniques for bone

and radiotherapy has been proved to yield superior local
control of tumours, compared with local excision alone,
and has been fundamental to the adoption of limb-sparing
surgery for high-risk soft-tissue sarcomas of the extremities
[2, 3]. The current multimodal approaches, combining wide
surgical resection with radiotherapy and/or chemotherapy,
allow limb preservation in 90-95% of patients [4-6]. In fact,
limb salvage is considered the cornerstone of treatment for
musculoskeletal sarcoma of the extremities if a functional
limb can be attained and no oncological contraindications are

and soft-tissue reconstruction [10, 11], since the principal
objective, after local and distant control of the disease, must
remain the residual functionality (functional outcome) and
the quality of life (QoL) of the patient.

Several methods are used to evaluate the functional
outcome in lower limb disease. However, they have several
limitations, one of the most common being that they are
specifically developed to evaluate only oncological patients.
Considering the low prevalence of these diseases, such
constraint limits the knowledge about long-term outcomes
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of reconstructive surgery, especially in cases where compar-
ison of different groups of patients with different medical
conditions is required. For this reason we have introduced
the Lower Limb Core Scale (LLCS), a simple and rapid tool
that is not disease specific. LLCS is a global scale developed
by the American Academy of Orthopaedic Surgeons (AAOS)
in order to form a scale that had acceptable face validity for
all musculoskeletal specialists and could be used to assess all
lower limb problems. See appendix for detailed information
about LLCS. The LLCS may be assigned either to a lower limb
as a whole or to a specific joint or side without sacrificing
its reliability, which is a useful asset given the variability of
reconstructive procedures. It is already successfully used in
hip prosthetic surgery [12] combined with SF-12, where it
showed that high-grade acetabular defects in revision pros-
thetic surgery can be fixed without bone graft, using jumbo
cups and obtaining a good functional and QoL result. It also
has been used for femoral lengthening surgery [13] combined
with SF-36, pre- and postoperatively in order to compare
2 different surgical techniques: femoral lengthening over a
nail and internal lengthening nails. It appeared to be useful
because it demonstrated the improvement in functionality
postoperatively, without significative differences between the
two techniques. It is not used in oncologic orthopaedics yet.

The aim of this study was to evaluate, using LLCS, the
functional and subjective results of 44 resections of bone and
soft-tissue sarcomas of the lower limb and the reconstruction
with microsurgical free or local flaps. We propose the LLCS
as a new means to evaluate the outcomes of reconstructive
microsurgery in lower limb sarcomas and compare it herein
with already available tools.

2. Materials and Methods

This was a retrospective cohort study. The records of 92
patients who had undergone lower limb reconstructive
surgical therapy for bone and soft-tissue tumours in our
department during the period 1998-2013 were reviewed and
analysed. All patients were treated by the same multidisci-
plinary team consisting of oncological surgeons (resection
of the tumour) and microsurgeons (reconstruction). Free
informed consent to participate in the study was obtained
from all patients. The evaluation tools were administered
during the follow-up visit of the patient. The order in which
these tools were administered was kept consistent for each
patient, and in the same order presented here.

The diagnostic criteria for the inclusion of patients
were based on histological and clinical findings. The study
included patients with benign and malignant tumours of the
lower limb in need of extensive resection of bone and soft
tissue as well as reconstruction. The inclusion criterion for the
reconstructive procedure was soft tissue, bone, or combined
major resection and subsequent coverage with local or free
flap. Furthermore, to be included patients had to (1) have not
undergone surgery following amputation; (2) be at least 15
years of age; (3) have no evidence of progression of disease;
and (4) be reachable and compliant with the study.

The basic principles of the microsurgical approach were
to undertake immediate primary reconstruction so as to
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ensure resection with adequate clear margins, avoid limb
amputations, and achieve immediate adequate coverage of
the tissues. In cases requiring complex reconstructions, the
approach involved working in two teams simultaneously.

Three tools were used to investigate the quality of life
(QoL): (1) the Eastern Cooperative Oncology Group test
(ECOG); (2) the EuroQol 5-dimension and the EuroQol
Visual Analogue Scale (EQ-5D and EQ-VAS); and (3) the
Short Form-36 version 2 (SF-36v.2). Three tools were used to
investigate the functional outcome: (1) the Musculoskeletal
Tumor Society Scale (MSTS); (2) the Toronto Extremity
Salvage Score (TESS); and (3) the Lower Limb Core Scale
(LLCS).

2.1. ECOG. The ECOG scales and criteria are useful to assess
how a patient’s disease is progressing and how the disease
affects the daily living abilities of the patient and to determine
appropriate treatment and prognosis. This test is commonly
administered by the physician [14].

2.2. EuroQol. EuroQol measures specific health status. It
consists of (1) five questions on mobility, self-care, usual
activity, pain/discomfort, and anxiety/depression and (2) a
20 cm vertical visual analogue scale (E-VAS). It is a self-
administered scale for evaluation of QoL [15].

2.3. SF-36v.2. This questionnaire measures health-related
quality of life (HRQoL) and is self-administered [16].

2.4. MSTS. This test is self-administered and is used to
identify the participants’ subjective functional abilities.

2.5. TESS Lower-Extremity Version. This self-administered
questionnaire allows participants to indicate the level of
difficulty experienced in dressing, grooming, mobility, work,
sports, and leisure [17].

2.6. LLCS. See the Appendix for details [18].

2.7, Statistical Analysis. Means, median, and standard devi-
ations for all variables were calculated. The association
between the independent variables (gender, age > 55 years,
disease site, expression of the disease, incidence of recur-
rence, incidence of complications, and type of limb) was
assessed by the odds ratio (OR) considering statistically
significative a result with a P < 0.05. We correlated the
LLCS results with the mean results of the other functional
tests. The correlation coefficient (%) was used to measure
the strength and direction of a linear relationship between
two quantitative variables. This value is between —1 and 1,
where —1 indicates the maximum negative correlation and 1
indicates the best positive correlation.

3. Results

A total of 44 (22 were female and 22 were male) patients
included in the study were visited and underwent a function-
ality and QoL evaluation. Patients had an age range of 16—
93 years (mean: 54 years). Forty-eight patients who did not
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TABLE 2: Number and type of complications.

Type of complication Number
Potentially surgical-related complication
Flap failure (partial or total necrosis) 4
Local infection 2
Nerve dysfunction 2
Pseudoarthrosis 1
Other 3
Not surgical-related complication
TVP 1
Pneumonia 1

TaBLE 3: Flap type in each group. Group 1: “functional limb”; Group
2: “coverage limb.”

Flap Group 1 Group 2
Latissimus dorsi 2 1
Parascapular 1 1
Fibula 3 —
Propeller — 2
Gastrocnemius 1 10
Sural — 1
Vascularized rib 1 —
Gluteal — 1
Gracilis — 1
Axial/rotational pedicled - 19

flaps

meet the eligibility criteria were excluded. Seven patients were
excluded because they subsequently underwent amputation,
21 were excluded because they were deceased at the time of
the study, and 1 patient was excluded because he did not
match the age criteria. 19 patients were excluded because they
were not reachable.

All 44 patients showed no evidence of disease. See the
summary table (Table 1). Fourteen patients showed early or
later postoperative complications, 12 of whom were poten-
tially related to surgery and two of whom were not surgical-
related (Table 2).

Several flaps were used (Table 3). Patients were finally
divided into two different groups based on the type of limb
and the reconstruction performed:

(i) Group I: “functional limb” (limbs reconstructed to
restore a muscular or bone function); eight patients
were listed in this group (Table 3).

(ii) Group 2: “coverage limb”; 36 patients were listed in
this group (Table 3).

The correlations of each of the demographic and clinical
variables with the functional and HRQoL measures are listed
in Tables 4, 5, and 6. The range of ECOG is 0-5, where 0 is the
normal QoL and 5 is the death of the patient. The range of EQ-
5D is 0-1, where 1is the normal QoL and 0 is the total inability
of the patient. The range of EQ-VAS is 0-100, where 100 is the
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FIGURE 1: Correlation between MSTS score (range: 0-100) and LLCS
score (range: 0-100).
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FIGURE 2: Correlation between TESS score (range: 0-100) and LLCS
score (range: 0-100).

normal QoL and 0 is the worst QoL. The range of MSTS is
0-100, where 100 is the normal functionality and 0 is the total
inability of the patient. The range of TESS is 0-100, where 100
is the normal functionality and 0 is the total inability of the
patient. The range of SF-36, for all the raw scores, is 0-100. The
ranges of the global normalized scores, physical component
summary (PCS) and mental component summary (MCS), are
approximately, respectively, as follows: 17-57 for the PCS and
17-62 for the MCS.

None of the demographic variables correlated with the
functional or HRQoL scores except for gender, whereby male
patients had an increased functional score (LLCS: OR 12,
P = 0.03; TESS: OR 13, P = 0.01). The other clinical
and demographic variables had no correlations with the
functional and HRQoL scores.

The correlation between LLCS and MSTS and LLCS and
TESS showed in both cases an r* of 0.77 (Figures 1 and 2).

4, Discussion

Radical resection and limb-salvage surgery are currently rec-
ommended as the treatment of choice for sarcomas in
resectable soft-tissue and bone sarcomas and tumours of the
extremities [19]. However, this cannot be achieved without
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TABLE 4: Scores of tests for functionality (MSTS score range: 0-100; TESS score range: 0-100; LLCS score range: 0-100).

Test MSTS score TESS score LLCS scale
Total 71,85 + 6,47 76,01 + 7,31 87,52 £ 5,25
Males 76,82 £ 9,05 86,08 + 3,76 93,03 + 3,08
Females 67,1+ 8,99 64,26 + 8,63 81,1 £ 9,8
Age <55 75,28 + 4,89 78,26 + 5,5 89,87 £ 3,65
Age > 55 67,94 + 7,87 72,94 + 9,4 84,33 + 6,88
Proximal site 68,26 + 10,15 74,86 + 8,56 87,45 + 10,4
Distal site 75,61 + 7,84 76,85 + 7,59 87,58 + 5,36
Malignant lesion 75 + 7,03 78,47 + 7,12 90,38 + 4,17
Benign lesion 59,26 +13,85 67,83 + 21,15 78,02 + 16,93
Recurrence 73,33 £ 15,04 80,84 + 12,32 86,74 £ 9,68
Compliance 73,57 £13,07 72,91 + 9,45 85,03 + 8,87
Group 1 75 £ 11,52 75,23 £11,08 88,93 £ 5,54
Group 2 69,28 + 7,73 773 £ 9,2 86,89 £ 6,86

TABLE 5: Scores of the tests for QoL. PCS: physical component summary; MCS: mental component summary (ECOG score range: 0-5; EQ-5D
score range: 0-1; EQ-VAS score range: 0-100; SF-36 PCS and SF-36 PCM mean normalized score: 49).

Test ECOG EQ-5D EQ-VAS SF-36 PCS SF-36 MCS
Total 0,98 + 0,27 0,73 £ 0,08 74,42 + 6,61 41,99 + 4,3 50,48 + 4,47
Males 0,77 £ 0,39 0,82 £0,1 80,59 + 6,05 45,57 £5,2 52,81 + 4,6

Females 1,17 £ 0,38 0,64 £ 0,13 68,52 £ 11,19 37,81 + 6,44 47,78 £ 8,04
Age <55 0,75+ 0,18 0,8 £ 0,06 76,46 + 5,47 42,33 £4,5 52,16 + 3,67
Age > 55 1,24 + 0,34 0,65 £ 0,11 72,1 £ 7,81 41,52 + 4,23 48,2 + 5,45

Proximal site 1,22 + 0,46 0,68 + 0,13 73,91 + 8,06 4L11 £ 6,59 47,41 £ 6,51
Distal site 0,73 £ 0,26 0,77 £0,1 74,95 £ 10,78 42,63 + 5,85 52,74 + 6,04
Malignant lesion 0,86 £+ 0,28 0,76 + 0,09 75,14 £ 7,92 43,99 + 4,54 50,81 + 4,73
Benign lesion 1,44 £ 0,74 0,58 + 0,23 71,56 £ 9,97 35,33 +£9,75 49,4 £12,21
Recurrence 0,8 + 0,39 0,82 £ 0,15 79 +17,27 42,44 + 9,74 53,22 + 8,47
Compliance 0,93 £ 0,52 0,71+ 0,17 81,14 + 9,65 41,07 £ 6,71 54,95 + 4,96
Group 1 0,88 + 0,44 0,77 £0,11 78,13 + 11,41 39,11 £ 6,79 52,23 £ 9,36
Group 2 1+£0,32 0,71+ 0,1 73,62 £ 7,69 43,39 £ 5,16 49,71 + 4,83

an adequate reconstructive procedure, including sometimes
pedicled or free tissue transfer [20, 21]. Recent advances in
the microsurgical techniques and the associated technolo-
gies, coupled with a better understanding of microvascular
anatomy, have enabled surgeons to carry out single-stage
reconstruction covering wide and composite tissue losses in
any anatomical location. The aim of this study was to evaluate,
with the aid of LLCS, the functional and subjective results in
our patients and to propose a new application of the LLCS as
a new means to evaluate the outcomes of flap reconstruction
in lower limb bone and soft-tissue tumours and sarcomas, in
addition to the already available tools.

Our comparison of the MSTS (Enneking score) [22] and
TESS with the LLCS, as measures of postoperative outcome
for patients with tumours of the lower limb, showed high
and moderate correlations of most LLCS scores regardless
of the location of the tumour (Table 3). Despite being a
new tool, the LLCS score has been shown to be a useful
measure for evaluating the physical disability of patients with
pathological conditions not in a fixed anatomical location,
such as tumours.

Our study did not find significant differences between
the general lower limb functions of the patients who had
limb-sparing leg surgery and those with limb-sparing thigh
surgery, which would support the assertion that if patients
who have undergone limb-salvage surgery are considered to
be a single cohort it is not necessarily detrimental or essential
to do a comparative analysis with other surgical approaches.
The correlation with the well-established scores supports the
validity of the LLCS in oncological orthopaedics. Also, it is
faster to administer and easy to calculate and it has been made
in order to be used alone or complementary to SF-36, which
is the most used QoL score. Furthermore, the LLCS could
be used to compare oncology patients who have undergone
complex lower limb reconstruction with other patients from
nononcological specialties who have experienced similarly
complex reconstructions. This aspect can be useful in order
to understand if flap reconstructions can really improve the
health of oncological patients comparing their results to
bigger and well-studied cohorts. Data from trauma surgery
of the lower limb suggest that sometimes amputation can
achieve better results than high complexity reconstructions,
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in terms of QoL and functionality. With the LLCS we could
use a common tool to evaluate and plan a better reconstruc-
tion procedure in terms of functionality, QoL, and healing
time in elective surgery patients.

Our functional results are comparable to those in the liter-
ature. The only difference regarding clinical and demographic
aspects is the one between male and female patients, probably
related to a statistical coincidence. All of the other considered
aspects showed no statistically significant differences.

Clinical and demographic factors play an important role
in measuring the effect of disability on HRQoL. The SF-
36 score has been validated in patients with musculoskele-
tal complaints and is used widely for measuring health
outcomes. However, it is a generic questionnaire and has
the potential disadvantage of being less sensitive to clinical
change in patients with complaints specific to an anatomical
region or disease process [11, 13].

This study used three different generic tests to evaluate
HRQoL. The differences in HRQoL between the groups of
patients were less strong than those of functional outcomes.
The lack of a relationship between impairments and HRQoL
found in this study was also reported in a recent paper
by Marchese et al. [23], where the MSTS was not found
to be correlated with HRQoL in survivors of paediatric
osteosarcoma. Similarly, in a study on HRQoL in patients
with spinal cord injury, the relationships between HRQoL
and impairments and activity limitations were weak and
inconsistent, although there was a strong and consistent
relationship between restriction in participation of social
activities and HRQoL [24].

Rehabilitation of these patients must focus on improving
patients’ perception of HRQoL not only by reducing their
impairments and daily activity limitations but also by helping
them reintegrate into normal life. Impairments and activity
limitations are widely used to evaluate the functional dis-
abilities of sarcoma patients. Restriction in the participation
in social activities is an important aspect of functional well-
being that is not always measured. QoL restrictions should
be included in the functional assessment along with the other
functional measures for a complete understanding of patient
outcomes.

Finally, we advocate continuing validation of the LLCS
in further studies in both Italian and other languages. The
LLCS permits inclusion of all tumours of the lower limb
of different grade, histology, and anatomical location in a
single sample. We attempted to do so in an effort to allow
generalization of the results to a wide variety of tumours
and treatments of the lower limb. The major limitation of
our study is that the LLCS in Italian is not yet validated.
Also the small numbers in this series is a major limitation.
Another potential limitation was our inclusion of more than
one type of tumour and anatomical location of the lower
limb, for reasons of generalization. The LLCS score has
been shown, for the first time in flap reconstruction surgery
after major lower limb tumour resections, to be a useful
measure for evaluating physical disability in this population
of patients. This concept strengthens our opinion that the
LLCS can be used for the entire lower limb in pathology of
uncertain anatomical location, such as tumours. We propose

that this questionnaire be used to measure the functional
status of patients who have undergone flap reconstruction
(microsurgical and pedicled flaps) for sarcoma of the lower
limb, although further evidence will be needed to confirm our
findings.

Appendix
LLCS

The LLCS is a global scale combining seven items addressing
pain, stiffness, swelling, and function, performed at an
acceptable level. It is included in the lower limb instruments
collection and was validated in 2004 [20]. Value score range
is 0-35 (raw score) or 0-100 (standardized mean) where “0”
represents a poor outcome and “100” represents the best
possible outcome.

The American Academy of Orthopaedic Surgeons
(AAOS) developed in the 1990s a series of questionnaires in
order to measure and analyze musculoskeletal outcomes from
patients of all ages. Groups of clinicians and health-services
researchers were asked to focus on the patient-oriented out-
comes that were realistically expected to be affected by medi-
cal and surgical interventions. The agreed-on items were
then tested for validity, reliability, and sensitivity. The Short
Form-36 (SF-36) was selected as a companion general health
status questionnaire. The Lower Limb Core Scale is a global
scale that was created by combining seven items into three
subscales (pain attributed to the lower limb, stiffness and
swelling, and function). At the beginning the intent was to
form a single core scale that had acceptable face validity for
all musculoskeletal specialists and could be used efficiently
to assess all lower limb problems. At the end of the first
iteration of item generation, the large number of items
selected suggested that the core would need to be supple-
mented with special items to provide flexibility and alleviate
respondent burden. The preliminary individual scales had
internal reliability (Cronbach’s alpha) of 0.81 to 0.95.

Principal factor analyses indicated that there was con-
siderable overlap between the new scale and the physical
subscales of the SF-36. In the interest of reducing respondent
burden and the time for the administration of the test,
the Lower Limb Core Scale was reduced to seven items
addressing pain, stiffness and swelling, and function.

The LLCS instrument combines features of existent, and
in many cases substantially longer, instruments into shorter
more user-friendly questionnaire. It may be used alone or
supplemented by the SF-36, a widely used general health
status questionnaire, because it is complementary to the
SF-36. Construct validity was determined by examining
patterns of correlations between it and physician and patient
assessments and previously validated scales (the SF-36) and
by assessing the ability of the new scale to discriminate
between groups, as demonstrated by the F and ¢-tests.

The LLCS was found to contribute independently to
prediction of the transition score constructed from the
patient and physician assessments of change. It can be used
with attribution of pain either to the lower limb or to a specific
joint or side without sacrificing reliability.



The lower limb instruments, scoring algorithms, and
description of normative data can be accessed at clicking
on “Research & Quality” and clicking on “Outcomes Instru-
ments and Information,” then on “Outcomes Instruments,’
and then on “Lower Limb”

Lower Limb Core Scale Questionnaire

Instructions. Please answer the following questions for the
lower limb being treated or followed up. If it is BOTH lower
limbs, please answer the questions for your worse side. All
questions are about how you have felt, on average, during the
past week. If you are being treated for an injury that happened
less than one week ago, please answer for the period since
your injury.

(1) During the past week, how stiff was your lower limb?
(Circle one response.)

(1) Not at all
(2) Mildly

(3) Moderately
(4) Very

(5) Extremely.

(2) During the past week, how swollen was your lower
limb? (Circle one response.)

(1) Not at all
(2) Mildly

(3) Moderately
(4) Very

(5) Extremely.

During the past week, please tell us about how painful your
lower limb was during the following activities. (Circle ONE
response on each line that best describes your average ability.)

(3) Walking on flat surfaces?

(1) Not painful

(2) Mildly painful

(3) Moderately painful

(4) Very painful

(5) Extremely painful

(6) Could not do because of lower limb pain
(7) Could not do for other reasons.

(4) Going up or down stairs?

(1) Not painful

(2) Mildly painful

(3) Moderately painful

(4) Very painful

(5) Extremely painful

(6) Could not do because of lower limb pain
(7) Could not do for other reasons.
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(5) Lying in bed at night?

(1) Not painful

(2) Mildly painful

(3) Moderately painful

(4) Very painful

(5) Extremely painful

(6) Could not do because of lower limb pain
(7) Could not do for other reasons.

(6) Which of the following statements best describes your
ability to get around most of the time during the past
week? (Circle one response.)

(1) I did not need support or assistance at all.
(2) I mostly walked without support or assis-
tance.

(3) I mostly used one cane or crutch to help me
get around.

(4) I mostly used two canes, two crutches or a
walker to help me get around.

(5) I used a wheelchair.

(6) Imostly used other supports or someone else
had to help me get around.

(7) I was unable to get around at all.

(7) How difficult was it for you to put on or take off
socks/stockings during the past week? (Circle one
response.)

(1) Not at all difficult
(2) A little bit difficult
(3) Moderately difficult
(4) Very difficult

(5) Extremely difficult
(6) Cannot do it at all.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

(1] M. H. Shiu, E. B. Castro, S. I. Hajdu, and J. G. Fortner, “Surgical
treatment of 297 soft tissue sarcomas of the lower extremity,”
Annals of Surgery, vol. 182, no. 5, pp. 597-602, 1975.

[2] J. C. Yang, A. E. Chang, A. R. Baker et al, “Randomized
prospective study of the benefit of adjuvant radiation therapy in
the treatment of soft tissue sarcomas of the extremity;” Journal
of Clinical Oncology, vol. 16, no. 1, pp. 197-203, 1998.

[3] D. Grinsell, C. Di Bella, and P. E M. Choong, “Functional
reconstruction of sarcoma defects utilising innervated free
flaps,” Sarcoma, vol. 2012, Article ID 315190, 8 pages, 2012.

[4] J. S. Abbas, E. D. Holyoke, R. Moore, and C. P. Karakousis,
“The surgical treatment and outcome of soft-tissue sarcoma,”
Archives of Surgery, vol. 116, no. 6, pp. 765-769, 1981.



BioMed Research International

(5]

=

(8]

(13]

(16]

(17]

[20]

I. J. Spiro, M. C. Gebhardt, L. C. Jennings, H. J. Mankin, D. C.
Harmon, and H. D. Suit, “Prognostic factors for local control of
sarcomas of the soft tissues managed by radiation and surgery;’
Seminars in Oncology, vol. 24, no. 5, pp. 540-546, 1997.

F. Malek, J. S. Somerson, S. Mitchel, and R. P. Williams, “Does
limb-salvage surgery offer patients better quality of life and
functional capacity than amputation?” Clinical Orthopaedics
and Related Research, vol. 470, no. 7, pp. 2000-2006, 2012.

R. S. Bell, B. O’Sullivan, E E Liu et al., “The surgical margin in
soft-tissue sarcoma,” Journal of Bone and Joint Surgery A, vol. 71,
no. 3, pp. 370-375, 1989.

P. G. Cordeiro, R. I. Neves, and D. A. Hidalgo, “The role of
free tissue transfer following oncologic resection in the lower
extremity,” Annals of Plastic Surgery, vol. 33, no. 1, pp. 9-16,1994.

L. Heller and L. S. Levin, “Lower extremity microsurgical
reconstruction,” Plastic and Reconstructive Surgery, vol. 108, no.
4, pp. 1029-1042, 2001.

P. Popov, E. Tukiainen, S. Asko-Seljaavaara et al., “Soft tissue sar-
comas of the lower extremity: surgical treatment and outcome,”
European Journal of Surgical Oncology, vol. 26, no. 7, pp. 679-
685, 2000.

G. W. Carlson, “The evolution of extremity reconstruction for
soft tissue sarcoma,” Annals of Surgical Oncology, vol. 13, no. 5,
pp. 610-611, 2006.

H. W. Rees, D. A. Fung, D. L. Cerynik, N. H. Amin, and N. A.
Johanson, “Revision total hip arthroplasty without bone graft of
high-grade acetabular defects;” The Journal of Arthroplasty, vol.
27, no. 1, pp. 41-47, 2012.

S. Mahboubian, M. Seah, A. T. Fragomen, and S. R. Rozbruch,
“Femoral lengthening with lengthening over a nail has fewer
complications than intramedullary skeletal kinetic distraction,”
Clinical Orthopaedics and Related Research, vol. 470, no. 4, pp.
1221-1231, 2012.

M. M. Oken, R. H. Creech, D. C. Tormey, J. Horton, T. E. Davis,
and E. T. McFadden, “Toxicology and response criteria of the
eastern cooperative oncology group,” The American Journal of
Clinical Oncology, vol. 5, no. 6, pp. 649-655, 1982.

D. Schreiber, R. S. Bell, J. S. Wunder et al., “Evaluating function
and health related quality of life in patients treated for extremity
soft tissue sarcoma,” Quality of Life Research, vol. 15, no. 9, pp.
1439-1446, 2006.

G. Apolone, S. Cifani, M. Liberati, and P. Mosconi, “Ques-
tionario sullo stato di salute SF-36. Traduzione e validazione
della versione italiana: risultati del progetto IQOLA,” Metodolo-
gia e Didattica Clinica, pp. 86-94, 1997.

A. M. Davis, J. G. Wright, J. I. Williams, C. Bombardier, A.
Griffin, and R. S. Bell, “Development of a measure of physical
function for patients with bone and soft tissue sarcoma,” Quality
of Life Research, vol. 5, no. 5, pp. 508-516, 1996.

N. A. Johanson, M. H. Liang, L. Daltroy, S. Rudicel, and J. Rich-
mond, “American Academy of Orthopaedic Surgeons lower
limb outcomes assessment instruments: reliability, validity, and
sensitivity to change,” Journal of Bone and Joint Surgery A, vol.
86, no. 5, pp. 902-909, 2004.

D. B. Drake, “Reconstruction for limb-sparing procedures
in soft-tissue sarcomas of the extremities,” Clinics in Plastic
Surgery, vol. 22, no. 1, pp. 123-128, 1995.

H. Ozger, L. Eralp, M. Tiirker, and M. Basaran, “Surgical treat-

ment of malignant tumors of the foot and ankle,” International
Journal of Clinical Oncology, vol. 10, no. 2, pp. 127-132, 2005.

[21] A.D.Bach,]. Kopp, G. B. Stark, and R. E. Horch, “The versatility

[22

[24

]

of the free osteocutaneous fibula flap in the reconstruction
of the extremities after sarcoma resection,” World Journal of
Surgical Oncology, vol. 2, article 22, 2004.

W. E. Enneking, W. Dunham, M. C. Gebhardt, M. Malawar,
and D. J. Pritchard, “A system for the functional evaluation of
reconstructive procedures after surgical treatment of tumors of
the musculoskeletal system,” Clinical Orthopaedics, no. 286, pp.
241-246,1993.

V. G. Marchese, S. Ogle, R. B. Womer, J. Dormans, and J. P.
Ginsberg, “An examination of outcome measures to assess
functional mobility in childhood survivors of osteosarcoma,”
Pediatric Blood and Cancer, vol. 42, no. 1, pp. 41-45, 2004.

M. Dijkers, “Quality of life after spinal cord injury: a meta anal-
ysis of the effects of disablement components,” Spinal Cord, vol.
35, no. 12, pp. 829-840, 1997.



