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Abstract

Background Benign and malignant lower extremity pri-
mary bone tumors are among the least common conditions
treated by orthopaedic surgeons. The literature supporting
their surgical management has historically been in the form
of observational studies rather than prospective controlled
studies. Observational studies are prone to confounding
bias, sampling bias, and recall bias.
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Questions/purposes (1) What are the overall levels of
evidence of articles published on the surgical management of
lower extremity bone tumors? (2) What is the overall quality
of reporting of studies in this field based on the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) checklist? (3) What are the most common pitfalls
in reporting that authors might improve on?

Methods Al studies describing the surgical management of
lower extremity primary bone tumors from 2002 to 2012 were
systematically reviewed. Two authors independently
appraised levels of evidence. Quality of reporting was
assessed with the STROBE checklist. Pitfalls in reporting were
quantified by determining the 10 most underreported elements
of research study design in the group of studies analyzed, again
using the STROBE checklist as the reference standard. Of
1387 studies identified, 607 met eligibility criteria.

Results There were no Level I studies, two Level I studies,
47 Level III studies, 308 Level IV studies, and 250 Level V
studies. The mean percentage of STROBE points reported
satisfactorily in each article as graded by the two reviewers
was 53% (95% confidence interval, 42%—63%). The most
common pitfalls in reporting were failures to justify sample
size (2.2% reported), examine sensitivity (2.2%), account for
missing data (9.8%), and discuss sources of bias (14%).
Followup (66%), precision of outcomes (64%), eligibility
criteria (55%), and methodological limitations (53%) were
variably reported.

Conclusions Observational studies are the dominant evi-
dence for the surgical management of primary lower
extremity bone tumors. Numerous deficiencies in reporting
limit their clinical use. Authors may use these results to
inform future work and improve reporting in observational
studies, and treating surgeons should be aware of these
limitations when choosing among the various options with
their patients.
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Introduction

Evidence-based medicine is the conscientious, explicit, and
judicious integration of best available scientific evidence
with clinical expertise and patient values to facilitate
clinical decision-making [27]. Although well-designed
randomized controlled trials (RCTs) and meta-analyses of
RCTs sit atop the hierarchy of medical evidence, obser-
vational studies dominate the orthopaedic surgery literature
and despite their limitations have some value for treatment
decisions 6, 14, 15]. In fact, they dominate most of the
medical literature and until very recently have formed the
basis for most therapeutic decisions.

Common observational study designs include cohorts, case
series, case-controls, and cross-sectional studies. Observa-
tional studies inform clinicians about disease etiology, natural
history, prognostic factors, and treatment effectiveness, but
they are prone to confounding bias, sampling bias (including
selection bias), and recall bias [30]. Confounding bias is the
possibility of an unknown variable being causally linked to
both an exposure and an outcome, whereas sampling bias is a
systematic error in participant selection that may inadequately
represent a population of interest, and recall bias is the inac-
curacy with which test subjects retrospectively recall prior
events or health states. Transfer bias, or unequal loss to fol-
lowup between groups, also is a common limitation in
observational studies. These biases limit the validity and
applicability of results from observational studies [30].

Benign and malignant bone tumors are among the least
common conditions treated by orthopaedic surgeons.
Osteosarcoma, for example, occurs with a prevalence of
four to five patients per million each year [22]. The largest
tumor centers in the world may treat only 25 to 30 patients
with lower extremity bone sarcomas per year. A formal
assessment of the quality of the evidence that guides the
management of primary bone tumors, to our knowledge,
has not previously been published. Such an assessment
may be important, because the surgical literature includes
many more observational studies than studies of other
designs, a limitation that reflects the difficulties of con-
ducting randomized trials in surgical patients [9].

The purpose of this systematic review was to answer the
following questions: (1) What are the overall levels of evidence
of articles published on the surgical management of lower
extremity bone tumors? (2) What is the overall quality of
reporting of studies in this field based on the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) checklist? (3) What are the most common pitfalls in
reporting on which authors might improve? This study focused
on lower extremity bone tumors because the orthopaedic
oncology field is vastly heterogeneous in the type of surgical
cases managed and therefore this study can act as a feasible
starting point for further systematic reviews in the field.

Materials and Methods

We conducted a systematic review of all therapeutic
studies reporting on the surgical management of lower
extremity primary bone tumors from 2002 to 2012. This
study was performed according to the Quality of Reporting
of Meta-analyses (QUOROM) guidelines [18].

Search Strategy and Criteria

MEDLINE, EMBASE, and the Cochrane databases were
systematically searched with the assistance of a health
sciences librarian (MF) experienced in systematic reviews.
MeSH and EMTREE headings and subheadings were used
in various combinations in OVID (ie, [exp bone neoplasms/
su AND exp leg bones/] OR [exp bone neoplasms/AND
exp leg bones/su]). These terms were supplemented with
free text to increase sensitivity (ie, “bone” and [“cancer”
or “tumor” or “tumour” or “neoplasm” or ‘“osteosar-
coma”] and [“surgery” or “surgical*” or “operat*” or
“reoperat*” or “fixa*” or “endoprosth*”]). Free-text
terms were reviewed by an orthopaedic oncologist expe-
rienced in clinical research (MG). Results were limited to
humans and the publication dates January 1, 2002, to
December 17, 2012. These dates were selected to capture
an approximately 10-year interval of the most current lit-
erature. The end date was extended past 10 years at the
time of the literature search to include the most recently
published articles on this topic.

Eligibility Criteria

All clinical studies of surgical interventions for lower
extremity primary bone tumors in living humans of any age
published from 2002 to 2012 were included. Upper
extremity, spine, and craniofacial tumors were excluded to
reduce heterogeneity. Studies of pelvic cases were exclu-
ded. Studies including lower extremity bone tumors in
addition to bone tumors from other anatomic locations
were included if their lower extremity data were reported
separately. Studies that reported on diseases in addition to
bone tumors (ie, infections) were included if their lower
extremity bone tumor was reported separately. Animal and
cadaveric studies were excluded. Studies of chemotherapy
and/or radiotherapy were included only if patients also
underwent surgery and the surgical interventions were
analyzed separately. Otherwise, studies of chemotherapy
and/or radiotherapy were excluded. Studies of periopera-
tive care were included if patients underwent surgery. To
characterize the entirety of the evidence describing the
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surgical management of bone tumors, all types of surgical
interventions were included. Studies of image-guided
radiofrequency ablation were considered nonsurgical.
Studies with purely radiographic, biomechanical, or histo-
logical outcomes were excluded. Nontherapeutic study
designs (diagnostic, economic, prognostic) were excluded.
Articles that did not present original clinical evidence such
as letters to the editor, commentaries, expert opinions, and
narrative reviews were also excluded. Original case reports
were included. Studies of benign and malignant bone
tumors were included, but studies of bony metastases from
nonbone primaries and studies of soft tissue tumors that
locally invaded bone were excluded. Studies were excluded
if their full text was not available in English. Duplicate
articles were excluded. We selected the interval 2002 to
2012 to focus on current trends in the literature.

Study Selection

Two independent reviewers (NE, JN) screened all titles and
abstracts for eligibility using a piloted computerized
Microsoft Excel database (Santa Rosa, CA, USA). All
discrepancies were resolved by consensus. Duplicates were
removed by automation in OVID and by manual review.
All eligible studies underwent subsequent full-text review.
Reviewers were not blinded to authors or publication
information.

Levels of Evidence

The two reviewers independently assigned levels of evi-
dence to each eligible study using the Centre for Evidence-
Based Medicine in Oxford guidelines for therapeutic
studies [36]. The reviewers used a sample of five studies
graded by the senior author (MG) for training. All dis-
crepancies were resolved by consensus or by review with
the senior author when consensus was not reached. If a
study was not clearly prospective or retrospective, authors
were contacted by email for clarification. Reviewers were
not blinded to authors, publication information, or any
published level of evidence descriptions. Retrospective
controlled studies were graded as Level III and retrospec-
tive uncontrolled studies were classified as “case series”
and graded Level IV [36]. Case reports were included in
the analysis and graded as Level V [13, 38].

Quality of Reporting

To address quality of reporting, we used the Strengthening the
Reporting of Observational Studies in Epidemiology
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(STROBE) checklist. The STROBE checklist was developed
by a multinational group of methodologists, researchers, and
journal editors to guide authors of observational studies [35].
Whereas the reporting of observational studies is often not
clear enough to allow assessment of strengths and weak-
nesses, STROBE specifically considers sources of bias and
clarifies the interpretation and applicability of a study’s results
and conclusions [34]. It has been adopted by many top journals
and is readily available to authors, editors, and reviewers [5,
30]. Because the STROBE checklist can only be applied to
observational study designs that have comparative groups, we
examined the quality of reporting of the prospective and ret-
rospective controlled observational studies but excluded the
retrospective uncontrolled studies (case series), case reports,
and any RCTs from analysis with STROBE. RCTs were
evaluated with the Detsky Quality Assessment Scale [8].

The STROBE checklist contains 22 numbered items, but
some items have multiple subitems [35]. There is no dif-
ferential weighting of items or subitems, and there is no
hierarchy of item importance. In total, there are 34 items that
can be evaluated for each study. Under the supervision of a
senior investigator (MG), two independent reviewers (NE,
JN) learned to use the STROBE checklist by reviewing a
published explanatory article and a published practical
application guide [30, 35]. The published application guide
was used to define the criteria required to score each
STROBE item as adequately reported [30, 35]. The two
reviewers then assessed each of the eligible studies for each
of the 34 points and scored whether each point was satis-
factorily reported. The numbers of studies satisfactorily
reporting each STROBE point as evaluated by each reviewer
were summed and converted to overall percentage scores.

The initial search identified 1387 potential studies. After
removal of duplicates, 1123 studies remained eligible.
Screening of titles and abstracts eliminated 506 studies
(Fig. 1). Agreement between the two reviewers for eligi-
bility was satisfactory (kappa = 0.838). Upon screening the
remaining 617 studies in full text, a further 10 were
excluded; three were not available as full texts in English,
four were not therapeutic designs, two were published
before 2002, and one was a duplicate. A total of 607 studies
were included for further analysis (Fig. 1).

Statistical Analysis

Cohen’s kappa coefficient of agreement was calculated for
the reviewers’ assessments of study eligibility. A weighted
kappa coefficient was calculated for the reviewers’
assessments of levels of evidence. Kappa values of > 0.65
were considered adequate [26]. The STROBE items were
then ranked by percentage scores of reporting with the
most underreported items having lower percentage scores
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Initial Search
(PubMed, EMBASE, Cochrane):

> 264 duplicates removed

1387 studies

Titles and abstracts screened:

1123 studies

Full texts screened:
617 studies

> 506 studies removed:

221 - Not lower extremity

160 - Not primary bone tumor

42 - Design other than therapeutic
35 - Not surgical

34 - No clinical outcome

11 - Not humans

2 - Not available in English

1 - Basic science

Y 10 studies removed:

Eligible for grading:
607 studies

1 RCT

1 Prospective cohort

2 Systematic reviews

45 Retrospective cohorts
308 Case series

250 Case reports

3 - Not available in English

2 - Publication year prior to 2002
4 - Not therapeutic

1 - Duplicate

Fig. 1 The search results, screening, and reasons for exclusion of articles at each stage of the study are shown in a flow chart.

and the best reported items having higher percentage
scores. Kappa coefficient with the corresponding confi-
dence intervals (CIs) are reported. SPSS (Chicago, IL,
USA) and Microsoft Excel (Redmond, WA, USA) were
used for data analysis.

Results
Levels of Evidence
Of the 607 included studies, one was an RCT, one was a

prospective cohort, two were systematic reviews, 45 were
retrospective controlled studies, 308 were retrospective

uncontrolled studies (case series), and 250 were case reports.
Both of the systematic reviews were graded by each of the
two reviewers as Level III evidence on the basis of the
quality of their included studies. The RCT was graded as
Level II by both reviewers on the basis of its poor method of
randomization, lack of sample size calculation, and lack of
blinding. There was one prospective cohort study graded as
Level II by both reviewers. The 45 retrospective controlled
studies were all graded as Level III and the 308 retrospective
uncontrolled studies (case series) were all graded as Level
IV (Fig. 2). The 250 case reports were graded as Level V.
Agreement between the two reviewers for levels of evidence
was satisfactory (kappa = 0.87; 95% CI, 0.80-0.95). Overall,
99% of the studies on this topic are Level III to V evidence.

@ Springer
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Fig. 2 The distribution of the levels of evidence for therapeutic
studies in the surgical management of primary lower extremity bone
tumors illustrates the high prevalence of level III-V studies.

Quality of Reporting

Both reviewers scored the single RCT 54% on the Detsky
Quality Assessment Scale. The 45 retrospective controlled
studies and the one prospective cohort were eligible for
assessment using the STROBE checklist. The STROBE
points are presented in descending order from best to least
reported (Table 1). The mean percentage of STROBE
points reported satisfactorily in each article as graded by
the two reviewers was 53% (95% CI, 42%—63%). The 10
most consistently reported items were (1) provision of an
informative and balanced abstract (99% reported); (2)
reporting numbers of outcome events in the results section
(99% reported); (3) explaining the scientific background
and rationale for the investigation in the introduction (96%
reported); (4) key results reviewed in the discussion section
(96% reported); (5) giving a cautious overall interpretation
of the results in the discussion (88% reported); (6) clearly
defining all variables and outcomes in the methods (86%
reported); (7) describing all statistical methods (78%
reported); (8) reporting numbers of participants included at
each stage of the study including those at final followup in
the results (76% reported); (9) describing the setting,
location, and relevant periods of recruitment, exposure,
followup, and data collection in the methods (74%
reported); and (10) reporting demographic, clinical, and
social characteristics of the study participants, usually in
the results (73% reported).

Common Pitfalls

The 10 most consistently underreported items were (1)
description of any sensitivity analyses to verify the main
results (2.2% reported). Sensitivity analyses are secondary
statistical calculations that examine uncertainties in the
primary analyses, such as quantifying the impact of losses
to follow-up or missing data on the study outcomes [35];
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Table 1. STROBE checklist points presented in descending order
from best to least reported in the primary management of lower
extremity bone tumors

Rank STROBE item Proportion of studies
reporting each item
1 1b—abstract 98.9%
1 15—outcome data 98.9%
3 2—background 95.7%
3 18—key results 95.7%
5 20—interpretation 88.0%
6 7—yvariables 85.9%
7 12a—statistical methods 78.3%
8 13a—participants 76.1%
9 5—setting 73.9%
10 14a—characteristics 72.8%
11 4—study design 71.7%
12 3—objectives 69.6%
13 21—generalizability 68.5%
14 13b—non-participants 66.3%
14 14c—followup 66.3%
16 16a—estimates and precision 64.1%
17 17—other analyses 60.9%
18 12b—subgroups 58.7%
19 6b—matching 56.5%
20 6a—participants 55.4%
21 19 limitations 53.3%
22 8—measurement 44.6%
23 16b—boundaries 39.1%
24 16¢c—relative risk 38.0%
25 11—quantitative variables 29.3%
26 14b—missing data 26.1%
27 22—funding 18.5%
28 12d—losses 14.1%
29 12c—missing data 9.8%
30 9—bias 6.5%
31 13c—flow diagram 4.3%
32 la—title 3.3%
33 10—study size 2.2%
33 12e—sensitivity analysis 2.2%

STROBE = Strengthening the Reporting of Observational Studies in
Epidemiology.

(2) justification of a sample size or a description of how the
study size was arrived at in the methods (2.2% reported);
(3) indicating the study’s design with a commonly used
term in the title or the abstract (3.3% indicated); (4) pro-
viding a flow diagram to illustrate numbers of individuals
at each stage of the study (4.3% provided); (5) describing
any efforts to address potential sources of bias in the
methods (6.5% reported); (6) explaining how missing data
were addressed (9.8% reported); (7) explaining how losses
to followup were addressed (14% reported). This item
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required a description of how losses were handled statis-
tically and whether lost subjects may have systematically
differed from non-lost subjects, thereby biasing the study
results [30]; (8) describing whether there were any sources
of funding and the role of any funders (19% reported).
Standard disclosures of funding sources were considered
adequate even if details about the role of the funders were
not provided; (9) indicating the number of participants with
missing data for each data point (26% reported); and (10)
explaining how quantitative variables were handled in the
analyses (29% reported). Simple descriptions of the sta-
tistical tests used were considered adequate.

Discussion

Despite their limitations, observational studies dominate
the orthopaedic surgery literature and provide an important
source of evidence to guide treatment decisions [6, 14, 15].
To our knowledge, a formal assessment of the quality of
the evidence that guides the management of primary bone
tumors has not previously been published. We systemati-
cally reviewed the literature to characterize the overall
levels of evidence in studies reporting on the surgical
management of lower extremity primary bone tumors and
to evaluate the quality of reporting of observational studies
in this field. There were no Level I studies and only two
Level 1II studies. The best available evidence in this field
otherwise comes from 47 Level III studies; the large
majority of what is published in this discipline, however, is
either case reports or retrospective uncontrolled studies
(case series). We further found that there exist a number of
important deficiencies in the quality of scientific reporting
on the topic of surgical management of lower extremity
primary bone tumors.

This study has several limitations. We did not manually
search the bibliographies of included studies and did not
solicit further articles from an expert panel; we suspect that
we would have further included only a relatively small
number of articles that would not have significantly
changed our key results. We did not calculate kappa values
or intraclass correlation coefficients between reviewers for
total STROBE scores because the STROBE checklist has
not been validated as a scoring tool. Our system of ranking
each STROBE point by percentage scores of reporting
could have overestimated quality through an assessment
bias, which effectively only strengthens our conclusions.
We did not examine trends in levels of evidence or
reporting over time, but this report illustrates the state of
the current literature over the most recent 12-year period.
By nature of our systematic search, our analysis reflects the
literature in this field as a whole. We did not assess whether
the reporting trends of one or a few very productive

research groups biased our findings. Similarly, we did not
compare reporting between journals that have formally
adopted the STROBE checklist and those that have not. We
considered all items as potentially eligible, although some
were clearly less applicable to every article than others
(such as descriptions of matching in nonmatched studies or
the inclusion of sensitivity analyses). We scored items as
“not reported” when it was absent, regardless of its
applicability. This procedure may have introduced some
imprecision to our analysis and likely depressed the per-
centage of articles reporting each item, but it is unlikely to
have affected our overall rankings of best and least
reported items. A process to modify the STROBE checklist
based on applicability has not been established in the lit-
erature. Our search strategy did not specify free-text
supplements for every possible type of specific bone tumor,
but instead used broad MeSH and EMTREE headings.
These headings are broad and inclusive tags that include all
subcategories of related items such as various types bone
tumors by their design. It is possible that additional free-
text supplements would have yielded further studies. We
did not manually search for articles that are not electroni-
cally indexed.”

The most commonly used study design in this field was
the retrospective uncontrolled study (case series) and the
vast majority of studies were Level IV or Level V evi-
dence. Our findings are not unique in the orthopaedic
literature. In their review of the Foot and Ankle literature
from 2000 to 2010, Zaidi et al. [38] showed a similar
preponderance of observational studies with Level III to V
data comprising over 89% of the published literature in that
field. Samuelsson et al. [28] identified in their review of
ACL reconstruction studies that Level III to V studies
made up 81% of all reports between 1995 and 2011.
Obremskey et al. [21] examined the levels of evidence
across nine orthopaedic journals from January to June 2003
and found that, after excluding case reports and expert
opinions, the most common level of evidence was Level IV
(58%). In their review of publications in a single ortho-
paedic journal over the last 30 years, Hanzlik et al. [13]
showed a steady increase in the number of published Level
I and II studies, but Level III and IV reports remained most
common (64% combined). Proposed explanations for the
relative paucity of RCTs in orthopaedic surgery include
ethical barriers limiting the enrollment of patients and the
use of sham procedures, difficulty applying RCT method-
ology to varied surgical problems, and the significant
expense and time associated with performing large trials
[10, 31, 32]. With rigorous design, however, many surgical
questions can be addressed in expertise-based or sham-
controlled studies with satisfactory blinding of participants
and outcome assessors [11, 19, 29, 33]. Adequately pow-
ered, large RCTs require leadership and collaboration in
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addition to infrastructure and funding [25, 31]. Investiga-
tive networks in which centers each recruit relatively fewer
patients can increase overall recruitment and bring feasi-
bility to the study of rarer diseases [37], and the recently
launched Prophylactic Antibiotics in Tumor Surgery
(PARITY) trial marks the first such undertaking for
malignant primary bone tumors [12].

The mean percentage of STROBE points reported sat-
isfactorily in each article as graded by the two reviewers
was 53% (95% Cl, 42%—63%). Parsons et al. [23] reported
an overall STROBE compliance rate of 58% (95% CI,
56%-60%) in a random sample of 100 articles from
selected general orthopaedic surgery journals, which is
quite similar to the result we found for oncology. Others
have investigated the quality of reporting of RCTs and
meta-analyses in orthopaedic surgery; Audige et al. [1]
demonstrated that only 20% of systematic reviews included
a quality assessment for included observational studies
[2—4, 7, 24]. Nonetheless, many top orthopaedic journals
have adopted STROBE in their instructions to authors and
preference for its use is evident in editorials, methodo-
logical reviews, and instructional articles [5, 14, 16, 17, 20,
30]. To our knowledge, this is the first report to system-
atically review the quality of reporting for studies in
orthopaedic oncology. We have identified the need for
improved reporting field in this field, which could poten-
tially improve the quality of future studies.

Using the STROBE checklist, we identified several
recurrent strengths and deficiencies in the quality of report-
ing for cohort studies. There are several STROBE items
whose improved reporting could significantly improve the
transparency of future observational studies: identification
of the chosen study design in either the title or abstract;
justified study sample size; accounting of missing data and
losses to followup; and discussion of potential sources of
bias. Some items such as sensitivity analyses are not always
possible or indicated in small observational surgical studies.
Parsons et al. also found deficiencies in study design iden-
tification and sample size justification, but did not report on
the other items for which we found deficiencies [23].

We found that retrospective studies are the dominant
form of evidence for the surgical management of primary
lower extremity bone tumors. Given the rarity of these
tumors and the challenges inherent to completing large
prospective interventional studies, observational studies
will likely continue to prevail as the best available evi-
dence in this field, and treating surgeons should be aware of
the quality of literature supporting his or her treatment
decisions when deciding on an operation and discussing the
options with patients. Authors may use the results of this
study to minimize the ambiguity of selection bias, transfer
bias, and assessor bias by emphasizing clear descriptions of
participant selection, losses to followup, and whether there
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were differences in followup between treatment arms, the
amount and effect of any missing data, and by clarifying
who assessed the primary outcomes and which instruments
were used.
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