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Abstract
The overall survivorship in patients with appendicular osteosarcoma has increased in the past few decades. However,
controversies and questions about performing an amputation or a limb salvage procedure still remain. Using three peer-
reviewed library databases, a systematic review of the literature was performed to evaluate all studies that have evaluated
the outcomes of appendicular osteosarcoma, either with limb salvage or amputation. The mean 5-year overall survivorship
was 62% for salvage and 58% for amputation (p > 0.05). At mean 6-year follow-up, the local recurrence rates were 8.2%
for salvage and 3.0% for amputation (p > 0.05). Additionally, at mean 6-year follow-up, the rate for metastasis was 33%
for salvage and 38% for amputation (p > 0.05). The revision rates were higher with salvage (31 vs. 28%), and there were
more complications in the salvage groups (52 vs. 34%; p > 0.05). Despite the heterogeneity of studies available for review,
we observed similar survival rates between the two procedures. Although there was no significant statistical difference
between rates of recurrence and metastasis, the local recurrence rate and risk of complications were higher for limb salvage
as compared to amputation. Cosmetic satisfaction is often higher with limb salvage, whereas long-term expense is higher
with amputation. Overall, current literature supports limb salvage procedures when wide surgical margins can be achieved
while still retaining a functional limb.
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Introduction

Osteosarcoma is the most common primary malignant bone
tumor affecting 2–9 persons per 1,000,000 patients [1–5]. Its
incidence is highest in the second decade of life during times

of accelerated growth in areas with rapid bone turnover. It
commonly involves the distal femur (42.8%), proximal tibia
(23.2%), and proximal humerus (10.1%) [6]. Although con-
ventional osteosarcoma is the most common one, subtypes
have been described based on histological subtype and grade,
anatomical location, and the presence of predisposing factors
[5, 7, 8]. Most cases present with chromosomal abnormalities
upon cytologic analysis [9–17].

The standard of care for the treatment of osteosarcoma has
included neoadjuvant chemotherapy followed by wide surgi-
cal resection and adjuvant chemotherapy [9, 18]. Recent ad-
vancements in neoadjuvant and adjuvant chemotherapy, en-
hanced diagnostic imaging, improved surgical techniques, and
the development of newer tumor prostheses have aided in this
change [9, 19–21]. Recently, the standard of surgical care has
also changed from limb amputation or resection-arthrodesis to
limb salvage [22].

Traditionally, amputations were performed in the context
of absolute and relative contraindications to limb salvage sur-
gery. Such conditions included neurovascular compromise,
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pathologic fractures with an associated hematoma extending
beyond compartment boundaries, biopsy site complications,
soft tissue coverage difficulties, or severe infection within the
surgical field. Other conditions included immature skeletal
age with a limb–length discrepancy of > 8 cm or a poor re-
sponse to preoperative chemotherapy [23–25].

Some studies have examined survivorship rates between pa-
tients undergoing limb salvage and those undergoing amputation
[24, 26, 27]. However, there is paucity of literature examining
other factors associated with these two treatment modalities. The
purpose of this study was to systematically evaluate all studies
that assessed the outcomes of limb salvage compared to ampu-
tation in patients with appendicular conventional osteosarcoma,
in order to determine if there are differences in (1) overall and
disease-free survival rates, (2) recurrence rates, (3) metastasis, (4)
surgical complications, (5) prognostic factors, (6) functional and
psychosocial outcomes, and (7) the cost of treatment.

Methods

We evaluated the peer-reviewed databases, PubMed,Medline,
Embase, and Scopus, from January 1980 to December 2014 to
determine studies that report the results of limb salvage or
amputation for patients who had conventional appendicular
osteosarcoma. This was performed following the preferred
reporting items for systematic reviews and meta-analysis
(PRISMA) guidelines [28]. Our search criteria included the
terms osteosarcoma, limb salvage, amputation, cost, patholog-
ic fracture, recurrence, metastasis, and epidemiology. This
study focused on appendicular osteosarcoma, in general, and
considered rotationplasty, turnplasty, or similar procedures as
part of the amputation group.

The initial search resulted in 104 articles, with another 25
found from cross-referencing, for a total of 129 articles. We
excluded articles that were irrelevant to the study topic based
on screening of the title and abstract, that had incomplete or <
12-month follow-up, which did not report on specific out-
comes, that were non-English, and those that were single case
reports. Fifty-one articles remained for review following appli-
cation of these exclusion criteria. There were no level I studies
includedwhereinmost were lower level studies, including level
II (1), level III (27), level IV (19), and level V (4) (Fig. 1).

Clinical outcomes were obtained using surgeon-based ob-
jective measures at the latest follow-up. Most studies did not
include a functional scoring system but two used the Toronto
Extremity Scoring Scale (TESS) and one used the
Musculoskeletal Tumor Society scale (MSTS) [27, 29–31].
We evaluated patient survivorship by measuring the 5-year
overall (OS) and 5-year disease-free survival (DFS) rates from
all studies that provided specific outcome measures. We cal-
culated mean and standard deviation of local recurrence and
metastatic rates, complication rates, and the associated costs.

Assessment of cosmetic perception and psychological factors
could not be directly compared by taking an arithmetic aver-
age since each article reported different psychosocial-function
measures. We summarized these outcomes.

Cost was analyzed by a formula derived from Grimer et al.
[32] which used costs of limb salvage and amputation with
historical data to predict the likelihood of further surgery and
anticipated related expenses over the patient’s life. Analyses
were performed with the use of statistical software (MedCalc,
bvba, Ostend, Belgium), wherein descriptive statistics were
performed for most outcome measures.

Disease-Free and Overall Survival

Advances in disease-free survival (DFS) and overall survival
(OS) for patients with osteosarcoma have been attributed to
new developments in both diagnostic and therapeutic mea-
sures [3, 33]. Bacci et al. [26] evaluated patient survival for
limb salvage and amputation for tumors of the femur, tibia,
and other nonspecified sites. They demonstrated a mean 5-
year DFS that was significantly higher for patients undergoing
limb salvage when compared to those who receive an ampu-
tation (63 vs. 49%, p = 0.01). Previous reports in the 1980s
have demonstrated contradictory survival rates of 41% and
54% (p = 0.8) [24]. Simon et al. conducted an international
multi-institutional, retrospective study of 227 distal femoral
osteosarcomas treated with limb salvage, above-knee amputa-
tion, or hip disarticulation. The OS at a median of 5.5-years
was 41%, 59%, and 46% (p = 0.8), with local recurrences rates
of 10.9%, 7.8%, and 0% (p = 0.8), respectively. Although the
study was underpowered, the authors noted that the procedure
type did not affect the local recurrence rates [24, 34].

Mavrogenis et al. evaluated 42 distal tibia osteosarcomas (23
limb salvage operations and 19 amputations) at a median follow-
up of 60 months (8 to 288 months) and noted no significant
differences in 10-year survival (84 vs. 74%; p = 0.599) [27].
Furthermore, a significantly higher Musculoskeletal Tumor
Society (MSTS) functional score was found in limb salvage
patients when compared to those patients who received an am-
putation (76 vs. 71%, p = 0.044).

Bacci et al. performed an analysis of 560 patients (mean
follow-up 10.5 years; range 5 to 17 years) comparing limb
salvage (n = 465, 83%) to amputation or rotationplasty (n =
95, 17%) [26]. Surgery type was based on tumor invasion,
tumor location, chemotherapy response, age, and desired life-
style. The mean combined 5-year DFS was 60.3%, with
higher survival for patients following limb salvage (63.3%)
when compared to amputation or rotationplasty (49.4%).
Multivariate analysis demonstrated that a good histological
response to chemotherapy was a significant predictor of sur-
vivorship seen in 68% of limb salvage and 48% of amputation
patients. While the procedure alone was not a statistically
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significant variable [26], the adequacy of surgical margins was
identified to be a significant prognostic variable.

In the series presented by Bacci et al. [26], 17% of limb
salvage surgeries had contaminated surgical margins versus
only 3.3% in amputations. These discrepancies should be
treated with caution as it may represent potential confounders,
such as the method of neoadjuvant chemotherapy, which
changed during the evaluated period. At a mean follow-up
of 10.5 years, 60% of patients remained disease free. The
authors found a local recurrence rate of 6.4% and 4.2%, for
limb salvage and amputation, respectively. In 2003, they also
reported similar results in a group of 46 patients (34 salvage,
11 amputation, 1 rotationplasty). Five-year event-free survival
and OS were 59% and 65% [35], respectively, with no signif-
icant difference between the groups.

In the present systematic review, we observed a mean OS
of 62% for limb salvage (41–84% ± 21.5) and 58% for ampu-
tation (49–74% ± 11.8; p > 0.05; Table 1). The literature sug-
gests that the surgery itself is inconsequential regarding the
survivorship between these two procedures and that the afore-
mentioned variables (i.e., response to chemo and margins) are
what matter. For most surgeons, salvage procedures are viable
options when wide surgical margins can be achieved while
retaining a functional limb [2].

Recurrence and Metastasis

Studies have demonstrated that there is no significant differ-
ence in local recurrence (4.1%) or metastasis (6.2%) between

patients undergoing limb salvage versus amputation [24, 26,
27, 34, 35]. When metastases do occur, it is often irrespective
of the procedure (amputation 89.5% vs. salvage 85.1%, of all
metastases) [26].

In the study by Bacci et al. [26] at 10-year follow-up,
a total of 225 of the 560 patients (40%) had recurrent
disease, 2 (0.3%) had isolated local recurrences, 191
(34%) had distant metastasis, and 32 (5.7%) were found
to have both. Most local recurrences occurred within
2 years. Tumor site, histological response, and margins
were predictors for recurrence, wherein osteosarcomas
originating from the distal femur had a greater rate of
local recurrence than those originating from the tibia,
humerus, or other unspecified sites. In contrast, age, gen-
der, tumor volume, surgery type, or presence of patho-
logic fracture, was not found to be predictors for
recurrence.

Mavrogenis et al. showed a higher local recurrence rate for
limb salvage compared to previously data [27]. Three of 23
patients (13%) who underwent limb salvage procedures expe-
rienced a local recurrence, while none were observed in pa-
tients following an amputation. Here, the overall rate of me-
tastasis was 33%.

At a mean follow-up of 6 years (3.8–10.5 years), we
observed a local recurrence rate of 8.2% (5.4–13%) for
limb salvage and 3.0% (0–7.8%) for amputation, as well
as a metastatic rate of 33% and 38%, respectively
(Table 2). Current literature shows that there is no signif-
icant difference between these procedures when consider-
ing metastasis (p > 0.05).

Number of reports iden�fied 
through database query

n=104

Addi�onal# of reports iden�fied 
through cross-referencing

n=25

Ar�cles found

n=129

Number of ar�cles included in review

n=51

Screening on �tle, abstract, and exclusion 
criteria (Non-English articles, single case 

reports, non-contributory to topic 
discussed)

78 
excluded

Fig. 1 Inclusion criteria flowchart
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Complications of Surgery

The complication rates vary across the literature ranging from
0 to 70% [27, ], wherein no significant difference in compli-
cations has been reported comparing limb salvage to

amputation [26, 27] (Tables 3 and 4). Unwin et al. evaluated
1001 prostheses with a mean follow-up of 3.8 years. In their
series, amputation was performed for patients whose tumors
were deemed unresectable [41]. Complications were observed
in 616/1001 patients; 7.7% (n = 77) had prosthetic-related

Table 1 Comparative survival rates based on the treatment type

Study name Number
of patients

5-year disease-free
survival

5-year overall
survival

10-year overall
survival

10-year disease-free
survival

Simon et al. [24]

Limb salvage 227 N/A 41% N/A N/A

Above knee amputation N/A 59% N/A N/A

Hip disarticulation N/A 49% N/A N/A

Total 40% 55%

Mavrogenis et al. [27]

Limb salvage 42 N/A 84% 84% N/A

Amputation N/A 74% 74% N/A

Bacci et al. [26]

Limb salvage 560 63% N/A N/A N/A

Amputation 49% N/A N/A N/A

Total 60.7% 59.7%

Bacci et al. [35]

Total 46 59% 65% N/A N/A

Bielack et al. [6]

Total 1701 53.6% 65.3% 59.8% 48.9%

Table 2 Recurrence and metastasis rates based on the treatment type

Study name Number of patients Local recurrence rate Metastasis rate Follow-up mean
(range, years)

Simon et al. [24]

Limb salvage 227 10.9% 58.9% 5.54 (not reported)
Above knee amputation 7.8% 56.5%

Hip disarticulation 0% 53.8%

Mavrogenis et al. [27]

Limb salvage 46 13% N/A 5 (0.75–24)
Amputation 0% N/A

Total 6.5% 9.5%

Bacci et al. [26]

Limb salvage 560 6.4% N/A 10.5 (5–17)
Amputation 4.2% N/A

Total 5.3% 33.5%

Jeys et al. [36]

Limb salvage 776 5.4% N/A 9 (10–35)

Unwin et al. [41]

Limb salvage 1001 5.4% N/A 3.8 (not reported)

Mean
Limb salvage 2610 8.2% (±3.5) 33% (±24.7)

Amputation 3% (±3.7) 38% (±21.7)
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complications, 12.4% (n = 124) underwent a revision, and
8.6% (n = 86) ultimately required amputation of the lower
limb [41]. The main cause of revision was aseptic loosening
(7.1% of the patients), the majority of which required implant
removal and implantation of a new prosthesis (n = 65).
Infections occurred in 4.6% (n = 46), with 1.7% (n = 17) hav-
ing a deep infection that required two-staged revision. A total
of 28% of patients with infections underwent amputation [41].
Local recurrence occurred in 5.4% of the patients who re-
quired revisions (n = 54), with most (52/54, 93%) undergoing
amputation while the other two patients underwent
rotationplasty. Prosthetic-related complications, such as
periprosthetic or implant fracture, were relatively rare and oc-
curred in 2.6% of patients (n = 26), with the majority of pa-
tients suffering from implant fractures (17 patients). Jeys et al.
[36] studied 776 patients who underwent tumor resection and
endoprosthetic placement of which 283 had primary osteosar-
coma. The major indication for limb reconstruction was a
diagnosis of osteosarcoma, wherein all 283 patients
underwent limb salvage [36]. The authors excluded 109 pedi-
atric patients who would require revision for a growing
endoprothesis. Although the authors did not stratify the com-
plications according to the tumor type, they found that 227 of
776 patients (34%) underwent revision. Of the 227 revisions,
117 cases were due to mechanical failure (defined as aseptic
loosening, implant fracture, rotational loosening), 75 cases

due to infection for infection, and 36 cases due to locally
recurrent disease [36]. Themean time to revision for any cause
was 2.2 years (0 to 34 years), but it increased to a mean of
8.6 years (0 to 34 years) when mechanical failure was defined
as the endpoint. Implant survival at 10 years was 75% when
only considering mechanical failure and 58% when consider-
ing all causes. More specifically, the 10-year implant survival
in patients who had osteosarcoma was 50% for all causes [36].
Upper extremity prosthetics had significantly higher 10-year
survivorship (85%) than lower extremity or pelvic prosthetics,
which had a 53% and 60% survival rate.

Previous studies demonstrated that the presence of patho-
logic fractures were negative prognostic factors for patient
survival, however, these were most likely related to con-
founders such as tumor size and location [42]. Due to the
conflicting evidence regarding complications following am-
putation or limb salvage for osteosarcoma, studies evaluating
the outcomes following amputation versus salvage are
needed.

Patient Function and Satisfaction

Without clear differences between DFS and clinical outcomes
between salvage and amputation, some studies focused on
assessing functional and psychological outcomes between

Table 3 Revision rates by study and procedure type

Study name Number of patients Follow-up years
(mean, range)

Procedure Revision rates %,
(# of pts)a

Jeys et al. [36] 776 15.9 (9, 10–35) Salvage 34 (227)

Simon et al. [24] 73 5.5 (5.54, N/A) Salvage 70 (51)

115 5.5 Above knee amputation 64 (74)

39 5.5 Hip disarticulation 54 (21)

Ghirlizoni et al. [37] 239 4.3 (4.3, 1.6–7.3) Limb salvage 7 (17)

116 Amputation 7 (8)

Bacci et al. [26] 465 10.5 (10.5, 5–17) Salvage 40 (186)

96 10.5 Amputation or rotationplasty 40 (38)

Tsuchiya et al. [38] 107 5 (5, 3–8) Limb salvage 14 (15)

Bacci et al. [35] 34 11 (11, 3–20) Salvage 37 (13)

12 Amputation 37 (5)

Abudu et al. [39] 27 4.6 (4.6, 0.8–14.6) Salvage 19 (5)

13 Amputation 0 (0)

Marvogenis et al. [27] 23 10 (5, 0.8–24) Salvage 13 (3)

18 Amputation 0 (0)

Hegyi et al. [40] 82 5 (N/A, N/A) Salvage 38 (31)

30 Amputation 38 (11)

Unwin et al. [41] 1001 3.8 (3.8, N/A) Salvage 62 (621)

Total Limb salvage
Amputation

31 (20.3)
28 (24.0)

a All revision rates are reported as percentage, and standard deviation for the mean revision rate is reported in parenthesis
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these groups. Studies using the MSTS system reported better
lower extremity function with limb salvage compared to am-
putation [29, 43, 44]. The MSTS scoring system uses subjec-
tive physician ratings, which may therefore be subject to
marked bias of these scores.

Robert et al. evaluated 57 patients (33 salvages, 24 ampu-
tations) with a mean age of 33.8 years (16–52 years) at a mean
follow-up from diagnosis of 18.6 years (3.8–35.6 years) [30].
They assessed function (TESS [31]), quality of life (Quality of
Life Cancer-specific scaler [45]), self-esteem, and social

support. Multiple linear regression analyses demonstrated no
significant differences when evaluating quality of life, self-
esteem, or social support between both cohorts. They also
reported no difference in the quality of romantic relationships
between both treatment groups [30]. The only significant dif-
ference between the groups was cosmesis, where limb salvage
patients scored higher than those who underwent an amputa-
tion. This analysis lost its significance after excluding those
who underwent late amputations for local recurrence (n = 7,
p = 0.194). The difference in cosmesis remained significant

Table 4 Complications based on
the treatment type Study Unwin et al. [41] Jeys et al. [36]

Reason for revision/revision type Number of patients (%) Number of patients (%)

Aseptic loosening

Revision implant 65 (31) 75 (28.6)
Re-cement 6 (2.9)

Acetabular cup 3 (1.4)

Total 74 (35.2)

Infection

Amputation 28 (13.3) 75 (28.6)
Revision 17 (8.1)

Removed implant 1 (0.5)

Total 46 (21.9)

Instability

Total N/A 54 (20.6)

Recurrence

Amputation 52 (24.8) 36 (13.7)
Revision 1 (0.5)

Rotationplasty 1 (0.5)

Total 54 (25.7)

Implant complications

Fracture 17 (8.1) 7 (2.6)

Extension complications 8 (3.8)

Implant fracture 1 (0.5) 16 (6.1)

Rotational loosening N/A 5 (1.9)

Total 26 (12.4) 28 (10.6)

Biological complications

Bone fracture, revision 3 (1.4) N/A

Sterile abscess/Ti cyst, 3 (1.4) N/A

Amputated

DVT/PE N/A 9 (3.4)

Circulatory problems 2 (1.0) N/A

Pain 2 (1.0) 4 (1.5)

Excessive stiffness N/A 5 (1.9)

Common peroneal n. palsy N/A 7 (2.6)

Wrist drop N/A 2 (0.7)

Hematoma N/A 3 (1.1)

Total 10 (4.8) 30 (11.4)

Total 210 (100) 262 (100)

Total patients per study 1001 776

Other studies were not included due to incomplete data
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independent of involvement of the pelvis (hemipelvectomy,
internal hemipelvectomy, and hip disarticulation; p = 0.046),
rotationplasty (p = 0.023), age at diagnosis (p = 0.011), dura-
tion from diagnosis to study participation (p = 0.012), or gen-
der (p = 0.011). Positive correlations were found between
cosmesis and self-rated physical function, as well as psycho-
logical, social, total quality-of-life scores, and self-esteem.
This is also correlated to patient satisfaction in multiple areas
was the amount of lower limb function post-surgery. Those
with higher function reported higher quality of life
(p < 0.0001), better cosmesis (p < 0.0001), and greater confi-
dence in romantic relationships (p < 0.0001). Lower limb
function did not correlate to social support or self-esteem rat-
ings [4].

Postma et al. evaluated 33 patients (14 salvages, 19 ampu-
tations) and assessed psychoneurotic and somatic distress,
self-esteem, adjustment to illness, and activities of daily liv-
ing; they found no significant differences. A trend was found
where patients with limb salvage reported more physical com-
plaints compared to those who received an amputation.
Amputee’s responses had less physical complaints but fo-
cused on lower self-esteem and social isolation [46]. Both
groups reported a diminished quality of life and were disabled
when compared to their baseline pre-osteosarcoma. Contrary
to other series, there was no cosmetic benefit derived from
limb salvage when compared to amputation.

Weddington et al. evaluated 35 patients (15 salvages, 20
amputations) for cognitive functioning, affect, mood, cosmet-
ic perception, physical functioning, global psychological ad-
justment to illness and surgery, and lifetime prevalence of
psychiatric disorders before/after surgery. They found no sig-
nificant differences between the salvage or amputation
groups, nor differences when considering age, gender, marital
status, surgically involved extremity, chemotherapy status, or
social class at the time of surgery or interview [47]. A total of
55% of the patients who underwent either procedure showed
good or excellent adjustment to the outcomes of surgery and
their disease at a follow-up of 5 years. The results did not
demonstrate a psychological advantage for either procedure.

These studies showed that there is no clear difference in the
psychosocial and occupational outcomes between the groups
[30]. The amount of limb function retained was a positive
predictor of cosmetic perception, self-esteem, and romantic
confidence regardless of the chosen surgery. The cosmetic
advantage associated with limb salvage procedures has not
been consistently demonstrated in the current literature [46,
47].

Cost

Compared to amputation, limb salvage procedures were more
expensive in the short-term due to implant costs with greater

potential for complications. However amputations were asso-
ciated with higher long-term costs, as these patients often re-
quire longer rehabilitation, a lifetime of prosthetic mainte-
nance. Grimer et al. evaluated the length of hospital stay,
procedure-related costs, rehabilitation costs, prosthesis
charges, as well as additional surgeries [35]. They found that
overall the cost of amputation was slightly higher than that of
limb salvage, but there was an age distribution affect.
Specifically, younger patients who undergo amputations re-
quired more expensive, high-performance prosthetics, com-
pared to low-demand elderly patients. Additionally, younger
patients will likely require more prosthetic maintenance and
may also be at a higher risk for prosthetic-stump interface
injuries, which may contribute to increased costs. In 1997, this
difference was estimated to be about 70,000 UK pounds
(~$166,000 inflation-adjusted 2014 US dollars) more for am-
putation [32].

Prognostic Factors

While surgical type has not been shown to be a significant
prognostic factor for survival or recurrence, many authors
reported on other variables that may be implicated in the prog-
nosis of osteosarcoma [24, 26, 27]. These include histological
response to chemotherapy (> 90% necrosis), surgical margins,
tumor size/location, extent of surgery, and gender [6, 48].
Bielack et al. conducted a retrospective analysis of 1701 pa-
tients who had trunk or limb osteosarcoma [6]. They reported
a 10-year overall survival and event-free survival of 59.8%
and 48.9%. Factors associated with poor prognosis were axial
tumor location, male gender, and a history of symptoms lon-
ger than 2 months. These factors were also associated with
poor response to chemotherapy (defined as < 90% necrosis)
[6], in univariate and multivariate analyses. Another variable
was age at diagnosis: patients > 40 years of age had lower 10-
year survivorship (41.6%) when compared to patients <
40 years of age (60.2%). This was not significant on multivar-
iate analysis.

Multiple studies have demonstrated that response to neo-
adjuvant chemotherapy was an important prognostic indicator
for overall survival [6, 9, 15, 49]. Those with a poor response
to chemotherapy had a 5-year survival of 47.2%, while a good
response had 73.4%. The extent of surgery was also a predic-
tor of success; procedures that had macroscopically complete
tumor resection had a 10-year survival that was higher than
patients who did not (64.8 vs. 14.6%, p < 0.0001). Larger
tumor size (volume > 100 mL) also had increasingly adverse
outcomes [17, 48]. Osteoblastic or chondroblastic histological
subtype was associatedwith an 8-year survival of 54 and 57%,
which when compared to patients who had teleangiectatic or
fibroblastic subtypes had worse 8-year survivorship (76 and
82%, p = 0.023) [48].
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Limitations

This study presents with inherent limitations in study quality,
especially with regard to (1) representativeness, (2) reliability
and validity of data collection methods, (3) potential for bias,
and (4) data analysis. As stated earlier, we used a standardized
approach to generate the body of evidence that is presented in
this review [28]. However, due to the heterogeneity of studies
included in this review, we did not use formal meta-analytic
techniques. Furthermore, this review was limited by the qual-
ity of included studies, wherein there were no level I studies
and only one level II study.

A specific limitation is the underrepresentation of certain
populations in the literature regarding limb salvage versus
amputation. Numerous factors affect the participation and
analysis of underrepresented populations in clinical science
research. The most commonly reported barrier factors involve
the opportunity for healthcare. Such opportunity factors in-
clude individual factors, such as age, socioeconomic status,
racial/ethnic minority status, and comorbid conditions. In re-
lation to accounting for almost 17% of the world population,
there is a striking lack of Indian studies regarding this subject
in health literature. However, the mechanisms that limit op-
portunities for the study of Indian or other minority popula-
tions are not immediately evident. Until the effects of such
barriers to healthcare are assessed quantitatively, uncertainty
will exist persistently about the bias in study selection.

Conclusion

Limb salvage and amputation are both viable treatment op-
tions for patients who have conventional appendicular osteo-
sarcoma. When neoadjuvant chemotherapy is used and ade-
quate surgical margins are achieved, patient outcomes did not
differ significantly when comparing limb salvage to amputa-
tion in osteosarcoma patients. There was no significant differ-
ence between rates of overall survival, recurrence, and metas-
tasis [26, 32, 35–41]. Although the general perception is that
patients who have had limb salvage have better cosmetic per-
ception than those who had an amputation, there is discor-
dance in the current literature [30, 46, 47]. The complication
and revision rates may be lower with amputation, but the
overall cost may be higher in the long-term.

Given the parity between limb salvage and amputation
demonstrated in the literature, the type of surgical intervention
should be determined based upon the procedure’s ability to
fulfill prognostically significant variables, negative margins,
and optimized function. Whichever approach maximizes
these potential outcomes is likely to result in improved func-
tion and patient satisfaction. Advancements in orthotics, pros-
thetics, and improvement in morbidity from several major
surgeries may continue to shift the surgical decision.
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