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Introduction
Primary bone tumors are rare. It is estimated that 3010 individuals (1680 male and 1330 female) were diagnosed with malignancies of bone and joints in 2013 in the United States. [1] The
yearly incidence is about 0.9 per 100,000. In comparison, the
2013 incidence of prostate and breast cancer was estimated to
be 238,590 and 234,580 respectively. [1] The rarity of this
entity together with the non-specific clinical symptoms and
complex imaging findings, make this a challenging diagnosis
for clinicians. [2–4] However, early and accurate diagnosis is
the key to appropriate treatment and better clinical outcome.
Primary bone tumors follow a somewhat rigid age-specific
distribution. [5, 6] For instance, between the ages of 10–
20 years, there is an incidence peak for osteochondroma and
osteosarcoma. [7] Beyond age 40 years, there is a steady increase in chondrosarcoma, myeloma and lymphoma. [7] The
use of epidemiological data, including the patient’s age, sex and

tumor location, has been the standard 1st approach to establishing a differential diagnosis. This information is augmented by
radiological and histological studies to render an accurate diagnosis. However, in many instances, comprehensive epidemiology data can indicate a definite diagnosis before obtaining diagnostic tissue via an invasive procedure. [8, 9] Although epidemiological information on bone and soft tissue tumors can be
gathered from literature searches and published sources, an
online source would provide greater convenience. In addition,
a patient database could provide a real-time and up-to-date
source unlike literature and textbook searches. [10–13] To the
best of our knowledge, based on Chinese and English literature
searches, no such database has so far been described.
A database is defined as a data structure composed of organized and interrelated data. They are designed to facilitate
the collection of data and support the acquisition of relevant
information. [14] Here, we describe our recently built, free,
online database of primary bone tumors, including its construction and the main practical utility. This may serve as a
reference for users interested in constructing a free online
database. It will also be useful for sarcoma physicians and
researchers alike.
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Ji Shui Tan Hospital (JST) in Beijing, China, a healthcare
facility with 1000 beds, specializes in musculoskeletal diseases. The Orthopaedic Oncology Surgery Department was
established in the 1970s with its mission to diagnose and treat
primary bone tumors. From 1973 to 2012, nearly 10,000 patients with primary bone tumors were treated at JST. Data
from 9200 patients, including demographic features (such as
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age, sex, location, diagnosis), treatment protocols (such as
chemotherapy regimens, surgical managements, surgical margin), and prognosis (such as recurrence, systemic relapse, state
of being, functional outcome) have been collected and stored
in one FoxPro (Microsoft, Inc) database, which is the clinical
database at JST. All of the diagnoses of primary bone tumors
were histologically confirmed by two senior sarcoma pathologists, who were trained in Canada or the United States. The
diagnostic criteria published in the WHO Classification of
Bone and Soft Tissue Tumor (2002) was followed. [15].
To demonstrate the epidemiologic characteristics of primary
bone tumors, the first step in our database design was deciding
what parameters to choose. After a review of the literature, age,
sex, location, and diagnosis were believed to be the most significant factors contributing to the epidemiology characteristics.
[2, 5, 6, 8, 16–19] Therefore, an Excel spreadsheet
encompassing the above information was extracted from the
FoxPro database. To protect the patients' personal health information, data transferred to the spreadsheet was de-identified.

Database and Website Design
WordPress (WordPress Foundation) a free, open-source blogging tool and full content management system based on PHP
and MySQL [20, 21], was used for web site design. WordPress
includes many free themes, thus saving costs needed for web
page design. For the primary bone tumor online database, the
CyperChimps BResponsive Theme^ was chosen as the template
(Fig. 1). Indeed, thousands of free themes, plugins and widgets
provided by the WordPress community (http://wordpress.org)
allow users to create as many functional modules as needed.
Although the WordPress web design program is free, a
commercial web hosting service is still recommended to ensure the quality of services. For our database, Bluehost (http://
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www.bluehost.com) was chosen to facilitate the web hosting
management and domain naming.
Design of Search Engine and Database Connection
Through the web management backend system, the deidentified spreadsheet data was easily imported into the
website’s MySQL database. Age and sex were given continuous variable and dichotomous variable attributions, respectively. Both tumor location and diagnosis were attributed with
string variables. Locations included femur, tibia, humerus,
etc., in long bones and scapular, pelvis, clavicle, etc. in flat
bones. Locations for long bones were further subcategorized
into proximal (prox), shaft (shaft), and distal (dist).
After a detailed survey among 20 musculoskeletal tumor
surgeons, 4 search modules were suggested, including diagnosis, age, location, and combination of age, gender, location,
and diagnosis (named complex search). One PHP-based
search engine script was programed to take the user’s requests,
connect to the database, and then display the results. The database was updated with new cases via the backend management system, as before.
To monitor user statistics, we utilized a free website tracker
system provided by Google Analytics (http://www.google.
com/analytics/). This tracking system helped the website
administrator analyze the information regarding the database
users, potentially providing ideas for further improvements to
the website.

Results
We established a free online database of primary bone tumors
(http://www.sarcoma-jst.org). This database is easily accessed
on Apple or Windows computers or any type of tablet or

Fig. 1. a Original “Responsive” website design template. b Index page of our database website, after relevant template text and figures were replaced
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modern mobile phone. The total cost of establishing this
online database was estimated to be $500, with the
maintenance fee estimated to be around $60 annually.
Search by Diagnosis
Users can search by diagnosis by typing the correct name of
the tumor into the text entry field using standard terminology
as defined by the WHO Classification of Bone and Soft Tissue
Tumor (2002). [15] To help users select the correct terminology, a complete companion list including the names of all
primary tumors is provided on the website. For example, if a
user inputs Bosteosarcoma^ into the search field, the database
will exhibit how many cases have been identified followed by
figures showing age and gender distributions, as well as a
table of location distribution (Fig. 2 and Table 1). One advantage of this search strategy is that the users can retrieve cases
of osteosarcoma subtypes such as conventional osteosarcoma
by inputting convention osteosarcoma into the text-entry field.

Table 1 Location distribution shown in the form of a table in response
to an online search. Percent distributions are given in decreasing order
Location distribution
Location
femur

tibia

humerus

N of cases

Percentage

dist

1049

45.04 %

prox
shaft

130
62

5.58 %
2.66 %

prox

555

23.83 %

dist
shaft

56
6

2.4 %
0.26 %

prox

206

8.84 %

or shaft. For example, by selecting femur and distal, the database will show 2207 cases, followed again by figures showing
age and gender distributions, as well as one table showing
diagnosis distribution.
Complex Searches

Search by Age
For age-related searches, the database was designed to output
cases ±5 years of the input age. For example, if the user types
23 into the text-entry field, the database will show all patients
between ages 18 and 28 years. In addition to showing how
many cases have been identified, the database will also display
figures of age and gender distributions, as well as tables of
location and diagnosis distributions.
Search by Location
To search by location, the database has a pull-down menu
designed for choosing one certain location. That is, when a
long bone such as femur or tibia is chosen, an additional popup menu will allow the user to further select distal, proximal,

Fig. 2 Age and gender distribution graph, in response to real search of
“osteosarcoma” in our online database. As shown here, osteosarcoma
appears to be mostly occur in the second decade of life and shows a
slightly male predilection

The Bcomplex search^ was designed to help users analyze
epidemiologic characteristics of a select group of cases defined by age, gender, location, and diagnosis. For example,
as shown in Fig. 3, by selecting Bhumerus, distal^ and
Bfemale^ as the first condition and Bhumerus, proximal^ and
Bfemale^ as the second condition, leaving the entry fields of
age and diagnosis blank, the system will identify female patients with tumors at humeral ends, with demographic data
again shown through figures and tables. Through this search
module, users can retrieve almost any specified group by defining age, gender, location, and diagnosis.
Utilization Examples
A 53-year-old female patient visited the JST clinic,
complaining of moderate pain in her right groin area. X-ray,
CT, and MRI scans revealed a 2 × 2 cm cartilaginous lytic
lesion with a sclerotic border in her right acetabulum. An invasive core needle biopsy, revealed an enchrondroma, a benign
cartilage tumor. Before any definitive surgery was done, we
conducted an epidemiological search using this newly
established online database. By using a search-by-location
strategy, we identified 724 cases in the pelvis. The epidemiology results showed the following diagnosis distribution: 192
cases (26.5 %) with primary chondrosarcoma, 62 cases
(8.56 %) with osteochondroma, 18 cases (2.49 %) with
chondroblastoma, and only 1 case (0.14 %) with enchondroma.
Because the epidemiology results indicated that enchondroma
was extremely rare in pelvis, and a limited biopsy may underestimate the tumor grade, an open biopsy was performed for
further investigation. This new biopsy demonstrated primary
chondrosarcoma, grade 2 of 3. This diagnosis warranted a local
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Fig. 3 The “complex search”
module was designed to allow
searches with various and
unlimited combinations of age,
gender, location, and diagnosis

resection for definitive surgery rather than curettage, which is
the treatment of choice for an enchondroma. Core biopsy has
its limitations, such as limited sampling, and may not include
the most high-grade area. In addition, there is some histologic
overlap between the features of enchondroma and a grade 2
chondrosarcoma. Thus, the core biopsy underestimated the definitive diagnosis and grade of the tumor. In this case, the online
epidemiological study was a useful adjunct to facilitate the
correct diagnosis and treatment.
In addition to clinical application, the database can be used
for research purposes. We conducted a head-to-head comparison between the established database and a Mayo Clinic record search in order to identify any potential epidemiology
differences between Chinese and American populations [22].

Discussion
In recent years, online databases have become fundamental in
both research and clinical practice because they provide an
effective and efficient way to collect, store, and selectively
retrieve information. [23–25] In the design of a tumor database, it is very important to define certain variables based on
the intended objective. More variables in the database are not
necessarily better. Irrelevant and/or redundant variables
should be removed in order to highlight what is most important. For our database, we chose age, sex, tumor location, and
histological diagnosis based on the goal of demonstrating epidemiology characteristics of primary bone tumors. We found
that additional details of treatment schedule and prognosis will
not be of further benefit for our purposes.
Given the large set of data in the original FoxPro database,
the manual translation of these records in both initial establishment continued expansion of the online database was

never a viable option. Fortunately, Excel-formatted data could
be easily imported into the MySQL database. Excel-formatted
data is now easily created from most modern database programs (for example, Sybase, DB2, Access) by using an export
wizard. [26–28] Although the MySQL database system stores
the information in an arbitrarily, it allows for sorted results to
be reported out by defining the required parameters. [29] Because the MySQL database can be smoothly manipulated and
queried by using PHP, a free and open resource software engine, PHP-based scripts enable the database to be searchable
by defining specific terms. An important reason for choosing
the free and open source web design program WordPress was
its innovative and user-friendly backend management interface. [30] This software provided an easy and efficient platform for website maintenance by non-IT professionals.
Although searches can be conducted on Apple or Windows
computer, the use of tablets and mobile phones offer the benefit of portability. For use on portable devices, Responsive
Web Design (RWD), a series of standards developed in
2010, [31, 32] permit a website to display clearly on every
device, including desktop computers, tablets, and mobile
phones. Therefore, we chose the free BResponsive Theme^
(CyberChimps, http://cyberchimps.com) as the website
template for our database, thus enabling the user to search
the database online even when not sitting at a desk (that is,
in clinic or in classroom via a mobile phone).
At the time of this writing, 9200 cases of primary bone
tumors have been included into our online database. The database will be updated quarterly. We believe that the methods
described in this research are generalizable and this report can
serve as a resource for users who are interested in constructing
similar online tumor databases. In addition, our established
database (http://www.sarcoma-jst.org) can be a useful tool
for sarcoma physicians taking care of patients, as well as
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researchers interested in epidemiology studies of primary
bone tumors.
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