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Abstract

Background The global burden of injury is receiving

recognition as a major public health problem but inade-

quate information delays many proposed solutions. Many

attempts to collect reliable data on orthopaedic trauma

have been unsuccessful. The Surgical Implant Generation

Network (SIGN) database is one of the largest collections

of fracture cases from lower and middle income countries.

Questions/purposes We describe the information in the

SIGN database then address two questions: In the context

of the design and implementation of a global trauma

database, what lessons does the SIGN database teach?

Does the SIGN program have a role in the evolution of a

wider global system?

Methods The SIGN database is Internet based. After

treating a patient with a SIGN nail surgeons enter radio-

graphs and details of the case.

Results Over 26000 cases are in the SIGN database. The

database has been used as a source of cases for followup

studies. Analysis shows the data are of sufficient quality to

allow studies of fracture patterns but not for outcome

studies or bone measurement.

Where do we need to go? A global database with more

comprehensive coverage of injuries, causes, treatment

modalities and outcomes is needed.

How do we get there? The SIGN database itself will not

become a global trauma database (GTD) but the personnel

of the SIGN program have much to offer in the design and

adoption of a GTD. Studies of suitable methods of data

collection and the incentive to use them are required.

Introduction

According to Gosselin, the global burden of injury is rec-

ognized as of ‘‘increasing importance … as a major

contributor to the overall burden of ill-health’’ [10]. The

extent of the problem is poorly documented, and the review

concluded ‘‘resources allocated to researching, prevention,

treatment and rehabilitation of injuries in developing

countries is woefully inadequate’’ [10]. Road traffic acci-

dents (RTAs) are already the 9th leading cause of disability

worldwide [4]. The burden of trauma as a whole is prob-

ably twice that of trauma caused by RTAs [7, 23]; that

burden is heaviest on the most poverty-stricken segments

of the lower- and middle-income countries (LMICs) [37].

Many cost-effective methods exist for the prevention and

treatment of trauma but are not being applied [11]. This

major public health problem is not receiving the attention it

deserves [35], reflecting the overall lack of information on

the subject. Quite simple information can make a major

impact on public policies [31]. Collecting information on
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the incidence, causes, treatment, and outcomes of injury

cases in LMICs should therefore be a high priority. How-

ever, designing and implementing a data collection system

to document the problems will not be easy, especially in

LMICs [21, 24, 40, 42]. The intended use of a database is a

critical element in the design [13]. Databases on trauma

have been difficult to maintain even in developed medical

systems. The Musculoskeletal Outcomes Data Evaluation

and Management System (MODEMS) was discontinued

[3, 28]. The Trauma Registry [5] is an ambitious multi-

center attempt to collect standardized orthopaedic trauma

information with content specific point and click data entry

and help with classification [14]; however, the number of

contributing institutions has declined steadily; privacy

issues and many other factors have inhibited its use [5].

The Orthopaedic Trauma Association (OTA) maintains a

database system for its members [25] but the information

recorded is quite sparse with no provision for followup.

The only incentive to use these systems is academic. Many

individual institutions maintain a database of their trauma

cases [13, 18]; these are mainly used to find cases to enter

into retrospective and followup studies. Although some of

these databases are large, no studies have emerged con-

sidering fracture patterns using thousands of comparable

fracture cases.

The Surgical Implant Generation Network (SIGN) [35,

43] designs and manufactures IM nails for use in LMICs

and distributes them free of charge. Surgeons who use the

implants report the cases to the SIGN database [36] over

the internet. The institutions are resupplied with implants

after 20 cases have been submitted to the database. The

database has also been used extensively for collecting cases

for studies on the union rate and complications of this

treatment method [15, 32, 33]; many other studies have

been presented to the annual SIGN conferences or in the

country of origin. The December 2009 issue of Techniques

in Orthopaedics [44] is devoted to reports about the SIGN

surgical system [34].

Because the SIGN database has been successful in col-

lecting early information from trauma cases in LMICs, we

present an overview of the type of information that can be

obtained from the SIGN database and further examine the

following questions: (1) In the context of the design and

implementation of a GTD, what can we learn from the

SIGN database? (2) Does the SIGN program have a role in

the evolution of a wider global system?

Materials and Methods

The Surgical Implant Generation Network (SIGN) has been

a ‘‘disruptive innovation’’ [12], changing the landscape by

providing specially designed, high-quality, intramedullary

nail implants free of charge to surgeons and hospitals

treating indigent trauma victims in LMICs. SIGN is a not-

for-profit corporation supported by donations from private

individuals, service clubs, and industry. The SIGN Nail is

solid and is inserted with a rigidly attached targeting side

arm, which allows the placement of interlocking screws

distally. These technical innovations distinguish SIGN

nails from other intramedullary rods and allow them to be

inserted without fluoroscopic control. Manufacture and

distribution has been accompanied by teaching of surgical

technique [9] and a two-way process of improvement.

Initially an e-mail feedback system was set up to make sure

the complication rate was acceptable and to discuss the

surgical technique. This early system developed into an

Internet-based database [34, 36] to which the surgeons in

the field report basic demographic information, preopera-

tive and postoperative radiographs, and the sizes of the

implants used. (Supplemental materials are available with

the online version of CORR; Appendix 1.) Supply and

resupply of SIGN nails requires the surgeons to have access

to the Internet. Each case receives a comment from SIGN

staff and questions about the case are answered. Reporting

to the database is a requirement for resupply. Shipments of

replacement nails and screws are sent after 20 surgeries

have been reported. The sizes of the replacements corre-

spond to the sizes of the nails and screws reported to the

database Thus, there is a strong incentive to keep up the

database. The expected use of the database to the man-

agement of the SIGN program was built into the database

design from the onset.

The preliminary goal of the SIGN project was to design,

introduce, distribute, and evaluate the SIGN Nail as a

treatment for long bone fractures. The SIGN database [36]

must be considered in light of these aims. It is primarily a

method of communication within the project.

Results

The SIGN database includes entries from over 100 hospi-

tals worldwide. The SIGN database has allowed evaluation

of reduction and fixation; it serves as a check to ensure the

implants are not being diverted to a private hospital; it is

used for determination of future shipments of nails. The

comments section provides an excellent opportunity for

discussion of fracture treatment and feedback about the

implant. The SIGN database has resulted in continuous

improvement in the instruments and implants of the SIGN

system. Shaft fractures of the femur and tibia predominate

with 3% of cases involving the humerus (Table 1). The

high proportion of cases that required open reduction

reflects the realities of fracture treatment in developing

medical systems. Many patients present late or have to wait
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several days for surgery. In this review of the database, 9%

of cases had followup radiographs (compared with 12.6%

‘‘followup’’ in the previous study [34]). In view of these

low figures and the probability that followup cases in the

database are biased toward difficult and unexpected out-

comes, we suggest the data in the SIGN database itself

cannot be used for outcome studies. It is, however, a source

of cases that were used for followup studies [15, 32, 33].

A pilot project indicates the pre- and postoperative

radiographs in the SIGN database are of sufficient quality

to allow classification of the fractures according to the

OTA Classification system [19]. (Supplemental materials

are available with the online version of CORR; Appendix

2.) The size of the database and its global coverage would

allow studies of fracture pattern related to age, gender, and

ethnic origin. Measurement of bone length, width and

cortical thickness (after treatment) might also be under-

taken, but a preliminary examination of the quality of the

radiographs available showed a very high proportion did

not include both ends of the bone and were therefore

unsuitable for bone length measurement. (Supplemental

materials are available with the online version of CORR;

Appendix 2.) Among the more subtle lessons learned from

the current state of the SIGN database is the relationship

between incentive and the quality of information (Table 2).

Discussion

Without valid data all representations about the seriousness

of the global burden of trauma may be discounted. A

strategy for collecting good data on a massive scale would

therefore seem to be urgent. By reporting some of the

features of the SIGN database we can define the lessons

learned on the road to a GTD (Table 2) and delineate the

role the SIGN program and database may have. A Global

Database is feasible; we have shown that the SIGN data-

base has successfully captured a variety of data.

(Supplemental materials are available with the online

version of CORR; Appendix 1.) from thousands of trauma

cases treated in LMIC institutions and related the quality of

the data collected to the incentive. Where the incentive is

strong (resupply of implants) the data are present in nearly

all cases. Radiographs were required and were usually

provided by the surgeon sending copies of photographs of

the film(s); there are no stringent quality criteria. We found

the radiographs were adequate for fracture classification in

most cases but not adequate for bone measurement. (Sup-

plemental materials are available with the online version of

CORR; Appendix 2.) For the study period, followup data

entries were voluntary; approximately 10% of cases have

followup data so we conclude that the SIGN database

cannot be used on its own for outcome studies.

The SIGN database is subject to a number of limitations

and will not evolve into a GTD. First, it is a tool of the

SIGN program that is focused on a subset of trauma—long

bone fractures treated by an IM nail. Second, SIGN

requires access to the Internet, and not all potential users

have access. Third, data entry is cumbersome and extra

work; Internet connections in LMICs are slow and often

unreliable [40]. Some form of integration of data collection

with the medical records system (MRS) (Table 3) is the

most likely way to provide an incentive to capture the

needed information. Fourth, interaction with the SIGN

database is conducted exclusively in English; this would

not be appropriate for a global system. To provide stan-

dardization, data entry and the MRS output needs to be in

the local language but mapped to a standard term in the

GTD. Lastly, the scope of the problem is too large for an

organization like SIGN to manage on its own. However,

Table 1. Global statistics

Variable Number Percentage

Total number of cases 26,014 100%

Males 21,689 83.4%

Females 4325 16.6%

Tibia 10,220 39.3%

Antegrade femur 9484 36.5%

Retrograde femur 5544 21.3%

Total femur 15,028 57.8%

Humerus 751 2.9%

Hip 39 0.15%

Cases with followup radiographs 2449 9.4%

Open fractures (all grades) 5154 19.8%

Open reduction 17,865 69.2%

Closed reduction 8018 30.8%

Table 2. Lessons learned from the SIGN database

Number Conclusion

1 Data collection on trauma cases from LMICs on a very

large scale is possible

2 The SIGN database is best viewed as a component of a

larger project, providing two-way feedback; it was not

designed as a step in the direction of a global trauma

database

3 The incentive to supply the information to the database

must be strong

4 The quality of the incentive to supply specific information is

related to the quality of the information

5 The SIGN database could be used for studies of global

patterns of long bone fracture

LMIC = lower and middle income countries.

2594 Clough et al. Clinical Orthopaedics and Related Research1

123



the personnel of the SIGN program, particularly the sur-

geons in over 50 LMICs, have much to offer the

development of a GTD. They are leading traumatologists in

their own countries and are familiar with the use of a

trauma database and the benefits that accrue. Their con-

tribution through database design and early adoption could

be invaluable.

Where are we now?

The issue of data collection underlies all attempts to study

trauma in LMICs. National Trauma Registers have been set

up or called for in several developed countries [1, 5, 6, 8,

20, 26]. In LMICs most of the work has been on a regional

or institutional scale [2, 16, 17, 21, 24, 27, 29–31, 38, 39,

42]. The Moscow Declaration [22] of the First Global

Ministerial Conference on Road Safety (Nov 2009)

includes the resolution (with reference to the health aspects

of injury) to ‘‘Improve national data collection and com-

parability at the international level. . .; and . . international

cooperation to develop reliable and harmonized data sys-

tems’’. There is more awareness, determination and even

funding to tackle this problem than ever before. The SIGN

database should be taken as an example, a feasibility study

and an educational experience.

Where do we need to go?

There is an urgent need to design and implement a GTD.

This system should be available for low or no cost to users

to document injuries, treatments, and outcomes in all

countries, but particularly in LMICs. It would consist of

collection of descriptive clinical data after admission,

treatment procedures, investigations, and followup visits

(Fig. 1). These data would be passed to a local hub

(computer), which would produce documentation to go in

the (paper or electronic) chart. A mature system would

eliminate handwritten records so no extra work is required.

The local hub would pass the information through to a

national or international archive. This database could be

used to prepare reports on the incidence, treatment, and

outcome of trauma on a much larger scale. The SIGN data

management system could then query the archive for the

subset of information relating to SIGN cases. Thus, in the

mature system, SIGN would be a client of a larger data

collection system and would not collect the information

directly. SIGN would be one of a potentially large number

of organizations that might use the GTD for governmental,

nongovernmental, and commercial purposes. These inqui-

ries to the database might be a potential source of funding.

How do we get there?

The essential transaction and limiting step is the collection

of data at the bedside with the related provision of a patient

record (Fig. 1). The desiderata at this stage are ease of use,

speed, legibility, standardized data and the substitution of

this activity for an existing one (such as dictating or writing

Table 3. Methods for collecting data

Method Ease of use Speed* Legibility Standard

terms

Comment

Handwritten notes Familiar Standard Poor Rarely Current practice

Forms with checkboxes Easier to enter;

less easy to read

Fast (tearoff form) Variable Yes Can be transcribed; needs a

form for every condition

Computer workstation Point and click entry Fast if printer available Legible Yes Expensive; not portable

Handheld device Easy Fast Legible Yes Batch uploading may create problems

SMS messaging Easy Fast Legible Yes In development

Online entry Easy Slow Legible Yes Speed and potential for feedback

depend on Internet connection

* Including the speed with which a report can be generated and entered into the patient’s chart.

Fig. 1 The components and interrelationships of a Global Trauma

Database (GTD) are shown.
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notes). Making more work is an obvious disincentive. SMS

messaging, sending a text message from a mobile phone to

a computer hub, is receiving a lot of attention in other fields;

a trauma implementation has not been reported. There are

open source electronic MRS systems specifically developed

for use in developing medical systems [41]. Because there is

so little existing MRS infrastructure it is possible that LMIC

health institutions could leapfrog over the ‘‘paper’’ stage of

research and record keeping, instituting cheaper and more

effective electronic MRS. Research and practical demon-

strations should initially be directed at this element of the

system. Although there are major issues with Internet

access, standardization of the data set, organization, feed-

back, and funding, at the ‘‘archive’’ level (Fig. 1), there are

no serious technical problems. However, if accurate data

cannot be collected at the bedside level, a major undertak-

ing of this nature will rapidly join the list of failures.

Although the ultimate benefit of this system may be in the

area of research on the global burden of injury, it must

function as an electronic records system at the local level

and deliver benefits at that level.

Improvements in the SIGN database are planned. Batch

entry of cases, instead of the more laborious point by point

data entry, is being introduced. In an attempt to improve

the quality of followup material in the database, resupply

will be linked to the provision of followup information as

well as the acute stage information. A GTD, as envisaged,

would reduce the burden of reporting that SIGN surgeons

currently carry. The new system would substitute the slow

process of reporting cases over the Internet with a more

rapid process of accumulating patient data at a local level

as part of a records system, then periodically uploading

data, including SIGN specific data, to the archive (Fig. 1).

The need for a GTD collecting data on the incidence,

causes, variety, management, and outcome of trauma cases is

apparent. Equally apparent are the barriers to setting up such

a system. The SIGN database has been successful in col-

lecting basic data on a subset of trauma cases in LMICs

because of the incentive, resupply of implants. The lessons

learned from examination of the SIGN database indicate that

a more comprehensive data collection system is feasible, but

only if adequate incentives to using it are built in. There are

widespread calls for more research on trauma in LMICs; a

usable data collection system is a prerequisite for such

research; funding agencies will need to consider the infor-

mation infrastructure including hardware, software, network

capabilities, training and implementation costs in any

research projects in this arena. With a suitable information

base it should be possible to show that improved trauma care

is cost-effective [11] as well as medically indicated.
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