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Abstract

Introduction Patients with aggressive lower extremity
musculoskeletal tumors may be candidates for either
above-knee amputation or limb-salvage surgery. However,
the subjective and objective benefits of limb-salvage sur-
gery compared with amputation are not fully clear.
Questions/Purposes We therefore compared functional
status and quality of life for patients treated with above-
knee amputation versus limb-salvage surgery.

Methods We reviewed 20 of 51 patients aged 15 years
and older treated with above-knee amputation or limb-
salvage surgery for aggressive musculoskeletal tumors
around the knee between 1994 and 2004 as a retrospective
cohort study. At last followup we obtained the Physiolog-
ical Cost Index, the Reintegration to Normal Living Index,
SF-36, and the Toronto Extremity Salvage Score ques-
tionnaires. The minimum followup was 12 months
(median, 56 months; range, 12-108 months).
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Results Compared with patients having above-knee
amputation, patients undergoing limb-salvage surgery had
superior Physiological Cost Index scores and Reintegration
to Normal Living Index. The Toronto Extremity Salvage
scores and SF-36 scores were similar in the two groups.
Conclusion These data suggest that limb-salvage surgery
offers better gait efficiency and return to normal living
compared with above-knee amputation, but does not
improve the patient’s perception of quality of life.

Level of Evidence Level 111, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Limb-salvage surgery (LSS) is considered the cornerstone
of treatment for musculoskeletal sarcoma of the extremities
if a functional limb can be attained and no oncologic con-
traindications are present [5]. However, the specific
advantages of LSS over amputation for tumors around the
knee remain unclear. Several studies [12, 28, 29] suggest no
major disadvantage in terms of overall survival when
comparing LSS with primary amputation of osteosarcoma,
although local recurrence is consistently more frequent with
LSS. Despite limited data for comparison, increased use of
LSS for osteosarcoma does not appear to be associated with
a decline in survival [3]. The effects of surgical treatment of
sarcomas on quality of life, however, remain controversial
[22]. Studies attempting to compare overall quality of life
between the two treatment modalities have tended to show
no differences [2, 23, 25, 30, 34]. Psychological acceptance
of LSS and amputation is reportedly similar [21, 27, 28, 32].
Several studies, however, provide evidence for superior
function in patients who have undergone LSS; this includes
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subjective questionnaire data as assessed with the Muscu-
loskeletal Tumor Society (MSTS) score [2, 15, 16, 26, 28,
34] and objective measurements of functional capacity
[4, 10]. Given the limited information, particularly regard-
ing objective functional measurements, we thought it
important to confirm these observations.

We therefore asked: (1) Does modern LSS for sarcoma
about the knee provide patients with quality-of-life benefits
compared with above-knee amputation (AKA)? (2) Do
patients self-report superior physical functionality in either
of the groups? (3) Does either treatment group provide
patients with improved physical gait efficiency as mea-
sured by the Physiological Cost Index (PCI)?

Patients and Methods

We retrospectively identified 68 patients with sarcomas or
aggressive tumors around the knee treated with AKA
(n = 24) or LSS (n = 44) between March 1994 and July
2004. We excluded 48 of the 68 patients: 17 patients owing
to age younger than 15 years at the time of the latest fol-
lowup; two patients had not yet reached the 12-month
minimum followup at the time the study was conducted;
19 patients were no longer alive at the time of followup;
and 10 patients were lost to followup with last visits
between 6 and 62 months postoperatively (two with AKA,
eight with LSS). These exclusions left 20 of the 51 eligible
patients older than 15 years (39%) with sarcomas or
aggressive tumors around the knee who underwent AKA
(n=6) or LSS (n = 14) (Table 1). There were eight females
and 12 males ranging in age from 15 to 76 years (mean,
34 years). Parental consent for participation was obtained
from all participants younger than 18 years. Osteosarcoma
was the most frequent diagnosis (nine patients), followed
by Ewing’s sarcoma (four patients), giant cell tumor (three
patients), pigmented villonodular synovitis (two patients),
and chondrosarcoma (two patients). The minimum fol-
lowup was 12 months (median, 56 months; range, 12—
108 months). No patients were recalled specifically for this
study; all data were obtained from medical records.

Four patients, all of whom were treated with LSS, were
younger than 18 years at the time of the surgery. There
were 15 patients with malignant tumors and five with
nonmalignant but aggressive tumors (Table 1). Distribu-
tion of age was similar between the two groups (LSS mean,
32 years, CI, 27-37 years; AKA mean, 39 years, CI, 30—
47 years) On average, time to followup was longer in the
LSS group (LSS mean, 63 months, CI, 53-58 months;
AKA mean, 49 months, CI, 34-64 months). The AKA
group had a greater percentage of female patients (six of 14
patients in the LSS group; two of six patients in the AKA

group).
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Table 1. Clinical demographics

Type of Age of  Gender Diagnosis Followup
treatment patients (months)
(years)
Limb-salvage 22 M Osteosarcoma 32
surgery 47 M Chondrosarcoma 35
20 F Ewing’s sarcoma 12
19 F Osteosarcoma 16
60 M Giant cell tumor 83
18 F Ewing’s sarcoma 54
37 F Giant cell tumor 44
76 F Pigmented 84
villonodular
synovitis
47 M Giant cell tumor 106
30 M Osteosarcoma 108
21 M Osteosarcoma 105
17 F Osteosarcoma 57
15 M Osteosarcoma 37
16 M Osteosarcoma 105
Above-knee 16 M Ewing’s sarcoma 17
amputation 51 F Chondrosarcoma 12
39 F Osteosarcoma 21
20 M Ewing’s sarcoma 72
34 M Osteosarcoma 96
72 M Pigmented 75
villonodular
synovitis

Surgical procedures were performed according to the
size and location of the lesions. Decisions to primarily
amputate were based on the inability to attain a functional
limb after adequate resection. Encasement of neurovascular
structures also was considered an indication for primary
amputation. AKA was performed using a standard tech-
nique as previously described [11]. For LSS, distal femur
or proximal tibial replacement prostheses were used
(Stryker, Kalamazoo, MI, USA). Additional soft tissue
procedures were performed when resection did not allow
for adequate coverage.

All patients underwent physical therapy and occupa-
tional therapy, while hospitalized, for daily 30-minute
observed sessions of moderate intensity. Weightbearing
status varied depending on the surgical procedure, need for
flap coverage, and the amount of resected bone. Patients
who had amputations were not permitted to bear weight
until the surgical wound was well healed and nontender.
Patients who had limb salvage with cemented implants
were given a weightbearing status based on the amount of
resected bone that ranged from immediate full weight-
bearing to nonweightbearing for 6 weeks. Patients
requiring musculocutaneous flap coverage were allowed
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limited weightbearing based on the need to protect the flap
for as much as 6 weeks. After the 2-week followup,
patients began an outpatient physical therapy program of
three weekly visits for 4-6 weeks.

For patients who had amputations, consultation with a
prosthetist was initiated early during the initial hospital
stay. Prosthetic fitting was performed after the 6-week
clinical followup if the wound was well healed and non-
tender. Physical therapy was continued for prosthetic
training with three weekly visits for an additional 4 weeks.

Patients returned for clinical followup monthly for the
first year after surgery, with a physical examination and
chest radiographs performed at every visit. Surveillance CT
scans were performed quarterly. Patients returned every
3 months for Years 2 through 5, then on a yearly basis.
Endpoint measures included the SF-36 quality-of-life mea-
sure [31], Reintegration to Normal Living Index (RNL) [33],
were the Toronto Extremity Salvage Score (TESS) [7], and
PCI [20]. These measures assessed at an appointment for
regular postoperative followup at a minimum of 12 months
after surgery (median, 56 months; range, 12—108 months).
Assessment of the PCI score was performed using a simple
walking test. Use of assistive walking devices was permit-
ted. Before walking, the patient was allowed to rest for
5 minutes and an average resting heart rate was calculated
during the subsequent 2 minutes. The patient then was
instructed to walk at a comfortable walking speed for
5 minutes. A pulse monitor was used to record the walking
heart rate during the final 2 minutes of this period. The PCI
was calculated as the difference between walking and rest-
ing heart rate divided by the distance (meters) walked. This
score has high test-retest reproducibility among individuals
with lower-limb amputations and healthy adults, and

Fig. 1 The median scores in
both treatment groups are
shown graphically.

acceptable intraclass correlation [13]. In a study by
Fredrickson et al. [9], comparing healthy adults and stroke
victims, the PCI was validated as an appropriate proxy for
the oxygen cost of walking with a correlation coefficient to
oxygen consumption of r = 0.83; the correlation coefficient
of the PCI to walking speed was reported as r = —0.461.
Data for the three primary measures were evaluated using
descriptive statistics to assess data distribution. We deter-
mined differences in SF-36, RNL, TESS, and PCI scores
between patients with LSS and AKA using nonparametric
Mann-Whitney U tests. Statistical analysis was performed
using SPSS Statistics 17.0 IBM; Armonk, NY, USA).

Results

We observed no difference (p = 0.176) in the SF-36 scores
between the LSS group (median, 100) and the AKA group
(median, 91). RNL scores were higher (p =0.032) in the LSS
group (median, 104) than in the AKA group (median, 88).

TESS scores were similar (p = 0.051) between the LSS
and AKA groups (LSS = 85; AKA = 66).

The PCI scores showed more efficient (p = 0.021) gait in
the LSS group: the median PCI was 0.078 beats m~ ' in the
LSS group and 0.245 beats m~' in the AKA group
(Fig. 1). The distance walked also was greater in the LSS
group (Table 2).

Discussion

Despite a large body of literature evaluating the relationship
of LSS to patients’ quality of life, the specific benefits to
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Table 2. Physiological Cost Index (PCI)

Measurement LSS AKA p value

Median distance walked (m) 321 107 0.011

Median increase in heart rate 27 31 0.741
(beats per minute)

Median PCI 0.078 0.245 0.021

(beats per minute/m)

LSS = limb-salvage surgery; AKA = above-knee amputation.

patients remain unclear. Our study, in addition to
reexploring general quality-of-life measures, was intended
to quantify the previously described positive effects of LSS
on physical function. Subjective measures of quality of life,
return to normal living, and musculoskeletal functionality
were obtained in addition to an objective measure of
functional gait efficiency. This information adds to the pool
of clinical cases by using established subjective scoring
systems. Although not previously cited in the limb-salvage
literature, the PCI is a useful low-cost instrument that pro-
vides practicing clinician-scientists with a simple method to
quantify the energy expenditure associated with mobility.

As a retrospective study, our study has certain limita-
tions common to all retrospective designs. First, the high
mortality associated with musculoskeletal tumors and wide
geographic catchment area that orthopaedic oncologists
serve inherently limits the numbers of patients available for
medium- and long-term followup. Among our original
cohort only 39% of the potentially eligible patients
15 years or older were available for 1-year followup.
Although this represents a limitation with a high risk of
selection bias, it is generally similar to that of related ret-
rospective series [15, 28]. Second, to allow patients to
reach a functional plateau, a minimum followup of 1 year
was set. This might have resulted in a skewed patient
collective, as patients with poorer functional status are
more likely to be lost to followup owing to decreased
survivorship or reduced mobility. The 10 patients lost to
followup were distributed between groups in a manner
generally proportionate to the group sizes (two in the AKA
group; eight in the LSS group).

Third, the minimum followup of 12 months represents a
shorter followup than for other studies evaluating func-
tionality and quality of life [2, 23]. Although this limits the
long-term conclusions that can be drawn from this study, it
provides additional insight into the midterm postoperative
period after initial rehabilitation while possibly including a
wider range of patient functionality. Fourth, patients who
underwent AKAs are likely to have had more advanced and/
or widespread disease, potentially reducing their physical
abilities and quality of life. However, the lack of observed
differences on overall quality of life between the two groups
makes this potential source of bias less likely. Fifth, the
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sample size of this study is relatively small and the risk of
Type II error must be discussed. It is possible that differ-
ences were present between the two groups in terms of
quality of life (SF-36) and TESS, but that the study was not
adequately powered to detect these differences. Despite
this, there is broad agreement among our data and those of
other studies showing no major differences in terms of
overall quality of life and TESS scores between the LSS and
AKA groups [2, 8, 14, 22, 23, 34]. Sixth, the ability to
compare functional ability and quality of life in different
age categories is unclear. Some experts believe pediatric
patient populations adapt to amputation better and will have
different functionality and psychological response [24];
however, we did not have enough pediatric patients to make
such a comparison. A minimum age of 15 years was set to
allow for inclusion of more patients in their second decade
of life—a frequently affected age group—while removing
prepubescent and skeletally immature patients from analy-
sis owing to the emotional and physical differences in these
patients. Seventh, none of our patients who had AKA used
any of the new advanced prosthetic legs such as the C-leg
(Otto Bock; Duderstadt, Germany). Kahle et al. [17]
reported that use of the C-leg improves performance and
quality of life and can increase community ambulation
level. This will add to the argument of defining the line
between amputation and limb salvage. Eighth, the objective
PCI measurement has not been validated specifically in a
cohort with soft tissue sarcoma, for whom chemotherapy
toxicity seriously affects cardiovascular health [19].
Finally, the heterogeneity of diagnoses among the patients
introduces some amount of uncertainty into the conclusions
drawn from this work. Followup was limited to a minimum
of 1 year to reduce the influence of preoperative chemo-
therapy or other disease-specific factors that could affect
functionality and quality of life.

A literature review was performed to compare our data
with data from prior studies. The National Library of
Medicine’s MEDLINE database was searched using a
combination of the subject heading “sarcoma/surgery”
with the keywords “limb salvage” and “lower extremity”
with multiple synonyms and alternate terms. This resulted
in 527 English-language articles published from 1990 to
present, from which 11 articles were identified that com-
pared functional status of limb salvage with amputation
(Table 3). Only one of 11 publications observed a differ-
ence in quality-of-life scores between the two groups [15].
Three publications included an objective, quantitative
functional measure [4, 10, 15]. The one publication that
compared AKA only and LSS using an objective measure
identified superior physical function in the LSS group [10].
Our study provides additional data to support the lack of
quality-of-life difference between these treatment groups.
In addition, a validated, objective measurement shows
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functional quality-of-life improvements in patients who
underwent LSS.

We observed that most patients in both groups presented
with high quality-of-life measures. This reflects the good
quality of life commonly reflected in the literature, with
one large series reporting mental dimensions of SF-36 and
levels of physical activity to be comparable to those for the
general population [2]. We found no difference of overall
quality of life between the AKA and LSS groups as mea-
sured by the SF-36, which is in agreement with multiple
prior studies (Table 3). However, we did find a difference
in the RNL index in favor of the LSS group, suggesting
superior return to normal living.

The higher gait efficiency reflected in higher PCI scores
for patients treated with LSS suggests a superior level of
physical function in these patients. Prior studies using
objective measurements comparing patients who have had
amputation and those who have had LSS have reported
mixed data, with no differences in the amount of time spent
upright, but superior scores in functional testing [4, 10, 15].
Our data add to the literature showing superior physical
functionality with limb salvage treatment. The PCI may be
a useful objective clinical tool for further investigations of
LSS. It is simpler to measure than previously described
methods of energy cost calculation [18] and requires no
special equipment beyond a watch.

The matter of limb salvage versus amputation is a highly
personal decision made in the context of the best available
evidence. “How will amputating my leg affect my life?”
remains a difficult question, particularly given the relative
dearth of literature supporting improved quality of life in
patients who have had LSS. Data supporting objective
differences in physical functionality can provide the sur-
geon with more answers in an otherwise emotionally
charged situation.
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