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Introduction 
Injuries are increasingly recognized as a major contributor to the Global Burden of Disease, with 
over four million deaths caused annually, totaling more fatalities than those from HIV/AIDS, 
tuberculosis, and malaria combined.1 Musculoskeletal conditions comprise a large subset of this 
burden, with an additional 20-50 million injured from road traffic incidents causing lifelong 
disability.2 For these patients, the loss of limb function can severely limit their productivity, 
posing challenges for the individual, family, and society.3 While orthopaedic conditions account 
for the greatest proportion of chronic pain across income levels and age,4 those in low-and 
middle-income countries (LMICs) are disproportionately affected.5  
 
Latin America, a region comprising predominantly Spanish-speaking LMICs, has the highest per 
capita road traffic fatalities worldwide.6 As a result, open fractures are a significantly 
problematic regional health issue, with a high rate of incidence, risk of complications, and 
associated poor long-term outcomes.7 These fractures represent a surgical emergency associated 
with high morbidity, and management includes systemic antibiotic prophylaxis, wound 
debridement and coverage, and fracture stabilization.8 Given the severity of these injuries, 
leading health agencies such as the World Health Organization (WHO) and Lancet Commission 
on Global Surgery, have designated open fractures as a “bellwether” essential surgical 
procedure.9,10 This designation represents a recognition of both the critical importance of open 
tibia fractures as a significant injury and as an indicator for traumatic conditions. Despite the fact 
that expeditious treatment is considered a critical component of management for open tibia 
fractures, little is known about the current state of management of these injuries in Latin America 
or the prevalence of regional differences.11,12 
 
Notably, musculoskeletal trauma literature originating from Latin America remains 
underrepresented in major orthopaedic journals,13 and even among LMICs, this region was 
represented in only 3.1% of musculoskeletal trauma studies worldwide.12 Moreover, orthopaedic 
surgery has been recognized as having the fewest collaborative multi-center publications relative 
to other specialties.14 Lack of investigational infrastructure and knowledge, problematic patient 
follow-up and charting data, publication bias, and unfamiliarity with the English language have 
been cited as barriers to conducting research in this region.15–17 The paucity of population-
specific research evaluating the burden of trauma in general, and musculoskeletal injury in 
particular, limits the ability to address improvements in management of trauma-related 
conditions. Only through evidence-based research and collaborative investigational organizations 
can surgeons improve their skills and knowledge and address barriers to regional problems.18  
 
Because treatment guidelines are often derived from higher-income countries (HICs), most 
frequently from North America and Europe, these recommendations are not always generalizable 
to countries in Latin America. Further, management outcomes are impacted by the lack of 
trauma care infrastructure, surgical training, rehabilitation systems, and preventive efforts in 
lesser-resourced environments.1 Besides having fewer resources and less access to informed data 
on open tibia fractures, orthopaedic surgeons in Latin America face additional challenges to 
adequately manage the burden of injures, including the lack of formalized guidelines across 
countries, lack of training to provide soft-tissue reconstruction, and lack of expertise and 
specialists, as well as non-clinical factors including few “soft-skill” development opportunities in 
leadership, research, and organization. Thus, there is a significant need for not only better 
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understanding of open tibia fractures in Latin America, but also for non-clinical capacity-
building skills for orthopaedic trauma surgeons needed to manage these injuries.10  
 
Aim  
����������������������������������������������������������������������������������������������������;� 
2) define clinical needs, clinically- and regionally-relevant research priorities, and explore the 
����������������������������������������������������;��������������������������������������������
fractures by developing best practice guidelines, taking into account the low-and-middle income 
countries’ (LMICs) resource-limited settings in Latin America.  
 
Outline of Thesis 
The thesis begins with a general introduction and thesis outline in Chapter 1. This chapter 
provides a brief overview on the Global Burden of Disease for noncommunicable diseases and 
gives insight into contributing factors that have led to a rise in musculoskeletal injuries across 
low-and middle-income countries (LMICs), particularly as it relates to the high rates of open 
tibia fractures in Latin America. This introductory chapter describes the relative lack of 
orthopaedic trauma studies and subsequent publications originating from this region.  
 
The first part of the thesis investigates the barriers to clinical research and non-clinical 
opportunities faced by orthopaedic trauma surgeons in Latin America. Recognizing the 
underrepresentation of Latin America in orthopaedic trauma-related studies, Chapter 2 details 
the barriers faced by orthopaedic surgeons to participate in clinical research activities and 
provides a needs assessment on orthopaedic trauma surgeons to gauge ways to overcome this 
evidence gap. In response to the identified barriers and desires in chapter 2, Chapter 3 describes 
the development of a novel consortium of Latin American orthopaedic trauma surgeons, the 
Asociación de Cirujanos Traumatólogos de las Américas (ACTUAR), which was created to 
address clinically-relevant research questions in the region, seeking to develop capacity through 
collaborative studies. Chapter 4 assesses the orthopaedic trauma surgeons’ needs and desires to 
develop non-clinical leadership development skills, which are also critical for leadership in 
research. Taking into account the surgeons’ responses to the needs assessment in the previous 
chapter, Chapter 5 describes the creation of the first Leadership Development Program (LDP) 
for orthopaedic trauma surgeons that was delivered in Hermosillo, Mexico at the second largest 
orthopaedic trauma conference in Latin America.  
 
The second part of the thesis investigates regional resource and clinical research priorities, and 
begins with Chapter 6, which utilizes a modified Delphi study design to determine the most 
critical orthopaedic trauma care resources by an expert panel of orthopaedic surgeons from low- 
and middle-income countries (LMICs), upper-middle income countries (UMICs), and high-
income countries (HICs). Using consensus opinion, this chapter highlights the resources 
considered “most essential” and regionally-relevant as a first step towards developing guidelines 
and creating best-practice treatment standards for surgeons in any given resource setting. 
Similarly, Chapter 7 utilizes the modified Delphi study design to identify the most critical 
musculoskeletal clinical issues perceived by an expert group of Latin American orthopaedic 
surgeons.  
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The third part of the thesis focuses on current management techniques of open tibia fractures, 
beginning with Chapter 8, which provides insight on Latin American orthopaedic surgeons’ 
�����������������������������;������������������������������������������������������������������
��������������������������������������������������������������������Chapter 9 focuses more 
��������������������������������������-�������������������������������������������������������
��������Chapter 10 ����������������������������utcomes associated with ������-�������������������
�����scores at one-�����for open tibia fracture management in Latin America������������-����������
�����-center ���������������������������������������������� to date, with 16 Latin American 
trauma centers ����������������������������������������������������� 
 
The fourth part of the thesis describes ��������������������������������������������������
���������������������������������� Chapter 11 ���������s ���������������������a hands-������������
�������course which can be used as ������������������������������������������������������������
soft-��������������������������������������������������������������������������������������
�����������������������������������������������������program������������������������������
�����������������������������������������������������������������������������������
orthopaedic surgeons’ techniques to treat the open tibia fracture and soft-tissue �����������������
���������������������������������������������������������������������������������������������
courses can have on orthopaedic surgeons’ clinical skills and confidence levels when managing 
����������������������Chapter 12 ������������������������������������������������������
������������������������������������������������������������������������������������
standardization for the treatment of open tibia fractures across its country’s diverse landscape. 
�������������������������������������� ��������������������������������������� ����������������
��������������������������� surgeons’ treatment of open tibia fractures across diverse and 
������-�������������������� 
 
�������� Chapter 13 ������es a ������������������ ��������������������������������������������� 
and ������������������������������������������������������������������������������������������
tibia fractures in Latin America and��������������� ��������������������������������������
�����������������������������������������������������������������������������������������������
�������������������������������������������������������������������������������������Chapter 
14 ����������������������������������������������� 
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Abstract 
Enhancing health research capacity in developing countries is a global health priority. 
Understanding the orthopaedic burden of disease in Latin America will require close partnership 
between more-developed and less-developed countries. To this end, the Osteosynthesis and 
Trauma Care Foundation assembled a research consortium of Latin American orthopaedic 
leaders. Prior to the meeting, we surveyed attendees on perceived barriers to conducting research 
at their institutions. During the event, working groups discussed these barriers, developed 
strategies for addressing them, and planned future steps for collaboration. The participants 
established the need for global relationships that allow colleagues from Latin America access to 
training and established investigational infrastructure of North American centers to address 
research questions relevant to their communities. As a result of the discussion, the International 
Orthopaedic Multicenter Study in Fracture Care (INORMUS) was initiated. Since then, an 
expanded international working group, Asociación de Cirujanos Traumatólogos de las Américas 
(ACTUAR), has been created with the purpose of promoting increased global partnership for 
research capacity development. 
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Introduction 
Musculoskeletal conditions contribute to an increasing burden of disease throughout the world, 
including Latin America. The most financially and socioeconomically impactful of these 
conditions is musculoskeletal trauma, which is on the rise as a direct result of road traffic 
accidents. The World Health Organization (WHO) predicts that road traffic injuries will increase 
from the ninth to the third highest cause of Disability-Adjusted Life Years (DALYs) worldwide 
by 2030.1 According to data from the 2013 Global Burden of Disease study, injuries have 
already become the fifth leading cause of DALYs.2 As this burden continues to rise, estimates of 
orthopaedic injury patterns and prevalent treatment strategies in low-and middle-income 
countries (LMICs) become ever more important for health systems planning. Developing these 
estimates will require collaboration between more-developed (Global North) and less-developed 
(Global South) countries, as many in the latter group lack robust research infrastructure.3,4 This 
������������������������������������������;�������������������������������������������������������
countries are underrepresented in major orthopaedic surgery journals.5,6 This is a fundamental 
limitation to the development of knowledge that could improve musculoskeletal injury care and 
inform research and policy priorities. 
 
Many authors recognize the potential of sustainable, collaborative North-South partnerships to 
improve clinical research and education among LMICs.5–14 Despite broad recognition of this 
issue for over two decades and the current support for institutional partnerships as a solution, 
there is still a persistent lack of research infrastructure in developing countries. Thus, the Council 
on Health Research for Development (COHRED) organized a series of meetings on Latin 
American health research priorities in which representatives from twenty Latin American 
countries agreed to implement national and regional health research programs.15,16 While many 
recommendations have resulted from these high-level discussions, little information exists 
regarding specific barriers that could help to inform ground-level North-South partnerships in the 
near future. These authors could find no literature on the barriers to orthopaedic research in Latin 
America. To understand these specific barriers and develop the consortium, we assembled a 
working group of leaders from thirteen Latin American countries in a professional forum to 
discuss barriers faced in clinical research and to develop strategies for surmounting these 
obstacles. 
 
Methods 
Prior to the Osteosynthesis and Trauma Care Foundation Forum of the Americas meeting in 
October 2011, we sent a needs assessment document to stimulate discussion. Attendees were 
asked to query their colleagues in suggested areas to achieve representation from their regions. 
Participants from this expert working group included 15 participants representing 13 different 
countries: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico, Nicaragua, 
Paraguay, Peru, Uruguay, and Venezuela. Additional participants from Japan, China, the 
Netherlands, and the United States were also invited to provide contrasting perspectives. The 
course Chairmen selected the surgeons based on their interests in international orthopaedic 
activities and commitment to improving the field of orthopaedics through research.  
 
The areas discussed included their current role and extent of research at each participant’s home 
institution, and their personal involvement in research activities. The meeting was conducted in 
English, as all of the participants also were proficient in that language. Pre-meeting questions 
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were circulated to stimulate discussion prior to the meeting, and comments were distributed and 
used in working group sessions. During these sessions, group members discussed barriers to 
research at their hospitals, possible strategies for overcoming these barriers, and research 
questions that were priorities for their patients. A scribe recorded the proceedings for each group.  
Finally, each group presented their findings to the entire assembly and discussed plans for 
collaborative research. The focus of this report is to review those barriers faced specifically in 
Latin America. 
 
Results 
Current research programs vary from non-existent to fairly robust. Approximately two-thirds of 
the participants reported that their institutions participate in research of some kind.  Most also 
noted that research was a requirement for professional advancement, either for graduation or 
matriculation in a program, or for promotion or advancement within their institutions.  
Approximately half reported current involvement in research activities.  About one-third were 
interested in research but not currently involved in a project, and a few noted that residents were 
the ones that exclusively completed research at his or her hospital. Where research was 
performed, most noted that the work included general topics (often initiated by residents’ 
research questions), while some had specific areas of interest and expertise. 
 
There was complete agreement that research capacity and interest could increase if appropriate 
financial and structural support were in place. Participants reported that clinical research support 
staff as well as financial support would likely improve the research capacity at their home 
institutions. Approximately half affirmed that access to scientific journals would also be a 
supportive measure. Other suggestions included free-of-cost trial implants, increased support 
from other colleagues, development of a research mentality, and establishment of a clinical 
database. Participants indicated that financial incentives would be a principle stimulator of 
interest in clinical research among colleagues at their institutions.  This recognition might also 
come in the form of scholarships to present findings at national and international conferences. 
Increased access to hardware, support staff, and protected time could also be motivators. 
According to this group of orthopaedists, research interest would increase if there were 
opportunities to work collectively in multidisciplinary groups or with other research centers.  
Some suggested that the opportunity to answer clinical questions of relevance to their patients 
would be motivation enough to stimulate research activity. 
 
Participants identified several key clinical questions and tasks for their practice settings (figures 
1A&B). Topics included outcomes, cost-effectiveness, trauma burden, specific treatment queries, 
and quality of materials. Tasks included hospital infrastructure development, establishment of 
polytrauma protocols, formation of a network of trauma centers, and clinical research design.  
Nearly all respondents indicated interest in a clinical research symposium on the fundamentals of 
clinical research, and all indicated interest in receiving email updates on topics in evidence-based 
medicine. All affirmed that they would be interested in participating in an international 
multicenter research project on orthopaedic trauma. 
 
The working groups each produced a list of anticipated or known barriers to conducting research 
in their settings. These lists were reviewed individually by the larger group. It was clear from 
these discussions that barriers exist along all steps in the research process, from unfamiliarity 
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with evidence-based medicine techniques to publication bias. In parallel, the working groups 
recommended strategies for surmounting these barriers and identified tasks for initiating the 
process of overcoming them (table 1). 
 
Discussion 
The international research summit provoked thought on the real challenges that potential Latin 
American researchers might face in performing clinical investigations in their hospitals. The 
groups produced a list of solutions for overcoming specifically identified barriers. The 
participants confirmed the need for global North-South relationships that allow South colleagues 
access to training and established investigational infrastructure of the North to address research 
questions relevant to their communities. More importantly, the process allowed for discussion 
around the diverse experiences of each professional, and galvanized commitment to persevere 
through these challenges. Though considerable published work exists on the imperative to build 
such partnerships, there is little writing on the methodology for doing so, particularly among 
surgeons. 
 
Those present at the meeting made a commitment to collaborate on International Orthopaedic 
Multicenter Study (INORMUS) in Latin America. This project aligns with recommendations 
from the 2008 COHRED Conference for Latin American Research and Innovation for Health 
which advocated increased epidemiological study of the burden of disease in Latin America in 
order to inform resource allocation.16 INORMUS is a short-term fracture audit that may serve as 
a bridge to a longer-term trauma registry. Each site will have access to the data from all sites, 
thus providing a database with adequate power to answer clinical questions that Latin American 
orthopaedists may face in their settings. We anticipate that the process of working together on 
this project will engender strong working relationships across institutions that the data from 
INORMUS will fill an important gap in burden of disease knowledge, and that implementation 
of the project will provide a framework for novel research infrastructure in Global South 
settings. 
 
With the enthusiasm and success of INORMUS, orthopaedic surgeons involved in this project 
have sought to create an expanded international collaborative initiative focused on building 
research capacity across institutions throughout Latin America.  The product of this pioneering 
endeavor is Asociación de Cirujanos Traumatólogos de las Américas (ACTUAR), a consortium 
established to support investigative and networking opportunities across the Americas. Though 
only recently established, ACTUAR has already had promising responses from orthopaedists 
representing over 15 different countries across the Americas. The inaugural meeting of these 
surgeons will be held in the near future in order to discuss how this initiative can best address the 
barriers to conducting research in Latin America. ACTUAR aims to increase research capacity 
through sustainable, collaborative partnerships and to ultimately improve fracture care and to 
guide policy priorities.  
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Figure 1A. Key clinical questions identified by the working group 

▪ Fragility fractures and osteometabolic disease 
▪ Outcomes studies (and comparison to other institutions) 

▪ Trauma burden 
▪ Cost-effective implants 
▪ Strategies to provide cost-effective care 
▪ Complication rates 
▪ Material quality 

▪ Treatment of bony defects in long bone fractures 
▪ Disease prevalence data 
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Figure 1B. Key tasks identified by the working group for development of research infrastructure 
 
▪ Establishing polytrauma protocols 

▪ Formation of a national network of trauma centers 
▪ Stimulating residents and junior attendings to produce quality research 
▪ How to choose a research project that will be of benefit to the local population 
▪ Improvement of hospital infrastructure 

 
 
 
 
 
  



Barriers to Clinical Research in Latin America   |   27   

2

 

Table 1: Barriers to research paired with potential interventions  

Barrier Tasks to Overcome Barrier 

Lack of evidence-based medicine knowledge Find models of EBM at conferences, in 
journals 

Target residents (who may have to complete 
research projects for advancement in their 
programs) 

Participate in collaborative study with a 
small, manageable question 

Lack of journal access and/or lack of ability 
to read journals in English 

Attempt to get access to journal articles via 
WHO, preferably in Spanish 

Insufficient institutional interest Target departments chiefs to achieve buy-in 

Insufficient number of patients Consider multicenter trial 

Use of residents as research staff is 
problematic due to turnover 

Consider short-term study 

Lack of incentives and academic recognition 
makes it difficult to get physicians involved 

Seek support specifically for motivating 
incentives or scholarships 

Problematic charting makes retrospective 
studies difficult  

Consider prospective study 

Lack of funding and access to grants Partner with University that has access to 
funding 

Publication bias (against researchers from 
���������������������;��������������������
particularly active 

Partner with University that has access to 
journals 

Political issues -- 

Lack of support for ethics approval Join another study with appropriate ethics 
approval 

As patients must pay for their own implants, 
randomization in implant studies is not 
possible 

Consider alternative study designs and seek 
donated plates  

Patient follow-up is very difficult Consider what information can be gained in a 
single visit 

Lack of start-up funds and critical personnel Choose a simple research question that will 
not require vast expenditures 
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Abstract    
Trauma continues to be a leading cause of mortality and morbidity in lower and middle-income 
countries (LMICs). To meet the ever-growing need of musculoskeletal care in trauma patients, 
orthopaedic surgeons play an instrumental role in providing care, guided by relevant clinical 
research studies. Promoting research and publishing results are both crucial to influencing 
trauma-related skeletal injury treatment in LMICs. Currently, few opportunities exist for trauma 
surgeons in Latin America to participate in clinical research or to contribute to academic 
publications, thereby limiting their ability to address potentially critical treatment questions faced 
by their specific patient populations. In response to these obstacles, in 2017, a group of 60 
surgeon-leaders representing 18 countries throughout Latin America developed the Asociación 
de Cirujanos Traumatólogos de las Américas (ACTUAR;�www.actuarla.org). ACTUAR supports 
investigative opportunities for Latin American orthopaedic trauma surgeons who want to 
contribute through collaborative research work. This pioneering initiative aims to improve 
trauma-related research, clinical care, and health care policies through the development of an 
international network across the Americas.  
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Introduction 
The World Health Organization predicts that trauma will be the third largest killer in the 
developing world by 2020.1,2 Worldwide, trauma is the leading cause of death in the first four 
decades of a person’s life, surpassed only by cancer and atherosclerosis in all age groups.3 
Unfortunately, t����������������������������������;�����������������������������������������������
additional patients survive with permanent disability. Despite numerous advances in medicine 
that have helped to reduce the global impact of trauma, countries with lower Gross Domestic 
Products (GDPs) continue to be disproportionately disadvantaged.4 Musculoskeletal injuries 
represent a large proportion of trauma burden worldwide, with the burden being greatest in 
LMICs.4 For many Latin American countries, such as Mexico and Brazil, despite being classified 
as upper middle-income countries, wealth is highly concentrated in a small strata and not broadly 
distributed. Therefore, a significant proportion of their population is predisposed to conditions 
that are normally found in countries with a much lower GDP.5,6 To address the relevant questions 
to their patient populations, clinical providers should engage in investigative work, including 
conducting clinical research studies and disseminating that work to others through academic 
publications. There are very limited opportunities for surgeons in Latin America to engage in 
these activities. Indeed, the volume of scientific publications is low, with Latin American 
surgeons only producing approximately 1% of all academic research articles in major 
orthopaedic journals.7,8 One way to overcome these limited research opportunities is through 
increasing multinational collaboration and partnerships.9  
 
The Latin American Conference on Research and Innovation for Health, organized by the 
Council on Health Research in Development (COHRED) and hosted in Rio de Janeiro in 2008, 
was the first meeting of its kind among participants from 20 Latin American countries.  The goal 
of the meeting was to gather key partners from across Latin America, including ministries, 
research institutes, and non-governmental organizations, to discuss research challenges in 
various national health research systems and examine ways to best foster future collaborations in 
health research and patient care.10 The level of participation and enthusiasm from Latin 
American participants was high and inspired numerous other similar meetings. A follow-up 
conference was held in 2008 in Havana, Cuba, and another Latin American Conference took 
place in Panama City, Panama in 2011.   
 
Rationale for ACTUAR 
In 2011, the Osteosynthesis and Trauma Care Foundation organized a “Forum of the Americas” 
conference in Miami, Florida, USA, and 15 representatives from Latin American countries 
attended the meeting.  Before the meeting, the orthopaedic researchers completed a pre-course 
needs assessment survey to highlight the specific challenges that attendees faced when 
performing clinical investigations in their own institutions. Participants identified a number of 
barriers that they confronted in their research, including deficiencies in resources and deficits in 
institutional support. The results from the needs assessment questionnaires revealed significant 
differences between participants. For example, Cuban orthopaedic surgeons reported that they, in 
general, have adequate infrastructural support such as satisfactory hospitals and clinics, yet they 
report a deficit in the necessary tools and training to critically interpret scientific information in 
clinical research.8,11 This conference opened up new avenues for supporting and sharing learning 
and research among Latin American orthopaedic surgeons dedicated to the care of 
musculoskeletal injuries and served as a catalyst to form the Asociación de Cirujanos 
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Traumatólogos de las Américas (ACTUAR) in 2017 (Figure 1). ACTUAR aims to advance the 
clinical care of musculoskeletal injuries in Latin America by disseminating an understanding of 
research methodology and promoting collaborative research opportunities in conjunction with 
leading academic departments in North America. The international research consortium currently 
includes more than 60 members from 18 countries across North, South, and Central America, 
representing Argentina, Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica, Cuba, Ecuador, 
Mexico, Nicaragua, Panama, Paraguay, Peru, Spain, the United States of America, Uruguay, and 
Venezuela.  
 
In the 2011 needs assessment survey distributed before the “Forum of the Americas” conference, 
orthopaedic trauma surgeons reported leading obstacles to conducting research: a lack of 
financial support from academic institutions, including limited funding and insufficient access to 
������;����������������������������������������������������������������;������������������������
of research support staff.12 Other surgeons reported that their institutions lacked investigative 
infrastructures, such as online database technologies available to multiple centers.12 Participants 
reported an interest in working collectively in multidisciplinary groups with other research 
centers, confirming the need for global North-South relationships that allow surgeons from 
across the Americas to access already established investigational infrastructure, including the 
training and resources, of North America. This involvement would allow surgeons to better 
����������������������������������������������������������������������������������.11 According 
to a study on Latin American articles published in the orthopaedic literature, Urritia et al. found 
that most orthopaedic surgeons in Latin America do not have the financial support to conduct 
��������������������������������������-impact journals.7 This limits Latin American researchers’ 
opportunities to present their results at international forums, and this further restricts the 
discussion of their data and research.4 In addition, because articles published in most major 
orthopaedic journals are written in English, the language barrier may impede the dissemination 
of research that is conducted in Spanish- or Portuguese-speaking Latin America. These barriers 
impede the development of knowledge about Latin American orthopaedic issues, impact the care 
of patients with musculoskeletal injuries, and inhibit research and policy priorities throughout the 
region.   
 
Future Directions 
Understanding some of the difficulties associated with research in Latin America has enabled 
ACTUAR to develop strategies to address identified needs. One such strategy to increase 
research programs and publications by Latin American surgeons was through an inaugural 
ACTUAR Research Symposium held in October 2017 in San Luis Potosí, Mexico (Figure 2).  
The symposium was held in conjunction with the national annual FEMECOT (Federacion 
Mexicana de Colegios de Ortopedia y Traumatologia) Convention. It consisted of a one-and-a-
half day meeting that included 24 leaders from 10 countries, including the Latin American 
countries of Brazil, Cuba, Colombia, Panama, Paraguay, Peru, Mexico, and Venezuela and 
connected faculty from the University of California, San Francisco (UCSF) and from McMaster 
University in Canada. The symposium addressed basic clinical research designs and multi-center 
participant research requirements to participate in a project at surgeons’ own institutions. In 
addition, the group identified a research topic that could be used as a pilot to begin a preliminary 
research project. Because the ACTUAR member’s institutions and centers have varying levels of 
familiarity and experience with conducting clinical research, the research project selected needed 
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to be of broad interest and limited complexity to maximize individuals’ abilities to participate. 
The first project will be directed at open tibia fracture management, with the Department of 
Orthopaedic Surgery and Orthopaedic Trauma Institute at the UCSF serving as the central hub 
for data collection. The second annual ACTUAR symposium, will take place in Mérida, Mexico 
in October 2018 and will be dedicated to addressing obstacles encountered by individual centers. 

ACTUAR group members have organized monthly meetings to communicate progress on 
individual projects, and a newly developed website will enhance further communication between 
the members (www.actuarla.org). The website features a database of members and their projects, 
with the goal of facilitating member exchanges. The expectation is that, through ACTUAR, all 
members will have the opportunity to participate in a range of studies and eventually, all 
participants will be able to publish or contribute to publications of their findings in a high-impact 
orthopaedic trauma journals. While having centers participate in the multi-center studies and 
produce publications in major orthopaedic journals represent one metric of success, the major 
impact will likely be the infrastructure created by participating in research work and the culture 
change that recognizes the impact of these contributions within and beyond the ACTUAR 
members’ institutions and organizations. 

As funding remains a significant barrier, ACTUAR has been fortunate to receive support for its 
first three years from the Wyss Medical Foundation to UCSF’s Institute for Global Orthopaedics 
and Traumatology (IGOT). This funding provides for the development of the website, a 
Research Symposium, and the conduct of an international, multi-center research study. It will 
also allow for ACTUAR to support those members who would like to participate in its activities, 
but would otherwise not be able to because of financial barriers.  
 
Conclusion 
Enhancing health research engagement and capacity in developing countries is a global health 
priority, as sharing findings and knowledge about optimal treatments to meet regional needs can 
ultimately improve the care of patients with musculoskeletal injuries. Involving Latin American 
orthopaedic academic trauma surgeons in educational and research collaborations with 
colleagues within well-developed infrastructures enhances those surgeons’ abilities to promote 
original, scientific research and promotes the development of additional skills in a region ready 
for advancement. The Asociación de Cirujanos Traumatólogos de las Américas is a novel group 
that seeks to grow capacity in clinical investigation throughout Latin America and address health 
care issues relevant to their patient populations. 
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Figure 1. Inaugural ACTUAR in-person meeting at American Academy of Orthopaedic 
Surgeons (AAOS) in San Diego, CA, USA in 2017.  
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Figure 2. Inaugural ACTUAR research symposium in San Luis Potosi, Mexico in 2018. 
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Abstract 
Introduction: There is growing interest in leadership courses for physicians. Few 
opportunities are available in global regions with limited resources. This study 
describes orthopaedic trauma surgeons’ desired leadership skill acquisition, opportunities, and 
barriers to course participation in Latin America. 
 
Methods: Latin American orthopaedic trauma surgeons from the Asociación de 
Cirujanos Traumatólogos de las Américas (ACTUAR) network were surveyed. This 
survey solicited and gauged the surgeons’ level of interest in leadership topics and 
their relative importance utilizing a 5-point Likert-scale. Additionally, comparisons were 
calculated between middle-income countries (MICs) and high-income countries (HICs) 
to ascertain if needs were different between groups. The survey included demographic 
information, nationality, level of training, years in practice, leadership position, needs 
assessment, and perceived barriers for leadership educational opportunities. 
 
Results: One hundred and forty-four orthopaedic surgeons completed the survey, representing 
18 countries across �������������;�������������������. Participants had more than 20 years in 
practice (49%) and held leadership positions (81%) in hospital settings (62%), national 
orthopaedic societies (45%), and/or clinical settings (40%). Sixty-three percent had never 
attended a leadership course due to lack of opportunities/invitations (69%), difficulty missing 
work (24%), and costs (21%). Ninety-seven percent expressed interest in attending a leadership 
course. No difference in needs was determined between respondents from MICs and HICs. 
Professional Ethics, Crisis Management/Organizational Change Management, and High 
Performing Team-Building were identified as the most important leadership topics. 
 
Conclusion: Orthopaedic surgeons in Latin America demonstrate an interest in 
acquiring additional leadership skills but have few opportunities. Identifying interests, 
knowledge gaps, and core competencies can guide the development of such opportunities. 
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Introduction 
There is a recognized need for non-clinical leadership courses for surgeons.1–4 Such courses 
promote strong personal and professional values, including interprofessional networking, the 
���������������������������������������������������������������������������������;��������������
are regarded as integral to ensuring organizational success and promoting the delivery of high-
quality care.5–7 While these skills are commonly taught in modern leadership development 
programs for surgeons in high-income countries (HICs),8 there is a relative paucity of literature 
on leadership programs in low-and middle-income countries (LMICs), particularly in the case of 
surgeons in Latin America.  
 
In a highly specialized field such as orthopaedic surgery, the need for surgeons to function as 
leaders in their various roles is becoming more widely recognized.9–11 Surgeons in modern-day 
practice must effectively communicate in the operating room and clinic, collaborate, teach, 
facilitate learning, manage teams, and lead advocacy efforts.7,12,13 Despite surgeons often being 
positioned to take an active leadership role within their practice, dedicated leadership education 
is rarely a part of their training.14,15 Few studies have explored educational leadership needs 
specific to orthopaedic surgeons in Latin America, thereby limiting the development of effective 
curricula that adequately address the needs of this particular group. Understanding the challenges 
associated with participating in such programs and assessing areas of need can help to strengthen 
the capacity of organizations and improve the performance of surgeon-leaders. Characterizing 
the skills one would desire to obtain from such a program, and incorporating region-specific 
perspectives into the curricula, are key steps for guiding the delivery of future programs and 
helping create models for collaboration among orthopaedic surgeons. 
 
This paper describes the leadership skills and expertise that orthopaedic surgeons in Latin 
America view as necessary to better serve as leaders in their field, as well as barriers to 
participating in leadership development activities. Identifying knowledge gaps in leadership 
development training and the core competencies considered to be the most important and 
interesting for such programs can guide the development of future curricula for orthopaedic 
surgeons in Latin America. 
 
Methods 
This cross-sectional, multi-national survey was conducted between March and September 2019 
to gauge Latin American orthopaedic surgeons’ level of interest in various leadership topics and 
their relative importance. The Asociación de Cirujanos Traumatólogos de las Américas 
(ACTUAR) network was utilized for this study. ACTUAR is an international, collaborative 
consortium aimed at building research capacity among orthopaedic trauma surgeons in Latin 
America,16 and all practicing orthopaedic surgeon-members were invited to participate in the 
study. The survey was developed by author consensus and reviewed by three independent 
academic experts in clinical research (Appendix A). 
 
Questions were directed at understanding perceived areas of need as well as preferred leadership 
topics in an effort to guide effective future leadership program curricula. The ten leadership 
topics that were assessed in the survey were chosen based on major themes identified in a review 
of the literature and formal leadership programs from major business schools, including the 
Kellogg School of Management and the University of Southern California School of Business.17–
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21 The survey consisted of 43 questions that included demographic information, gender, 
nationality, level of training, years in practice, current leadership position, and a needs 
assessment on perceived barriers to leadership education opportunities. The survey was 
translated into Spanish using a back-translation method22 and distributed electronically to 
participants using Research Electronic Data Capture (REDCap), an established secure patient 
information database tool. This study was designated as exempt from review by the University of 
California, San Francisco Institutional Review Board. 
 
Statistical Analysis 
Descriptive statistics were reported to summarize surgeons’ needs and perceived level of interest 
and importance in non-clinical leadership topics utilizing a weighted mean from a 5-point Likert 
scale (1= Strongly Agree, 2= Agree, 3= Undecided, 4= Disagree, 5= Strongly Disagree). In 
addition, comparisons between country income-levels determined by the World Bank 2019-2020 
Country and Lending Groups data were calculated to ascertain if perceived importance and 
interests of leadership topics were different between surgeons in middle-income countries 
(MICs) and high-income countries (HICs).23 Analysis was performed using the 2-tailed Fisher 
exact test with p < 0.05 as the significance level and was conducted using STATA SE version 
16.1 (STATACorp, College Station, TX).  
 
Results 
Demographics 
The survey was completed by 144 orthopaedic surgeons out of 213 total who were invited to 
participate, demonstrating a 68% response rate. Respondents represented 18 countries, of which 
15 are categorized as MICs, and three as HICs. No statistically significant differences in 
orthopaedic surgeons’ needs were determined between income-level groups, however, one 
difference (p= 0.04) was identified between the perceived level of interest in the leadership topic 
on Management of Social Networking. 
 
The greatest proportion of participants were male (89%), with more than 20 years in practice 
(49%) and had held a leadership position (81%) for more than six years (51%). The respondents 
reported holding formal leadership roles, broadly defined as a position that manages people or 
makes decisions that influences others. Respondents reported holding leadership positions as 
presidents or board members of professional orthopaedic organizations, supervisors, professors, 
or self-identified mentors within their orthopaedic practice. These positions were reported in 
various capacities: hospital settings (62%), national orthopaedic societies (44%), and/or clinical 
settings (40%). Fewer participants indicated that they held a leadership role within a regional 
society (27%) or an international orthopaedic society (8%).  
 
Needs Assessment  
The majority of participants reported never having attended a leadership course (63%), with only 
19% of participants having attended two or more leadership programs throughout their careers as 
orthopaedic surgeons. Less than a sixth of participants (15%) reported having previously taken a 
leadership assessment personality test (e.g. Myers-Briggs Type Indicator or Gallup Strengths 
Finder) (Table 1). Ninety-seven percent of participants expressed interest in attending a 
leadership course and most were comfortable attending a course instructed in the English 
language (90%). The main barriers to attending such courses were lack of opportunities or 
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invitations (69%), difficulty missing work (24%), cost (21%), and calendar conflicts (17%). 
Furthermore, interactive plenary sessions (68%), small group work (62%), and simulation 
exercises (58%) were reported as the three most desirable and engaging learning methods (Table 
2). 
 
The majority of respondents (96%) strongly agreed/agreed that they felt they had the essential 
qualities to be a leader, with only 3% of respondents’ undecided, and only one respondent (1%) 
who disagreed with this statement. In response to the question on awareness of the qualities that 
make leadership successful, the respondents strongly agreed/agreed (87%) with this comment. 
Fewer respondents were undecided (12%), and only two respondents (2%) strongly disagreed. 
 
In addition, on a Likert-scale questionnaire, the three topics rated as the most important 
leadership topics were Professional Ethics, Crisis Management/Organizational Change 
Management, and High Performing Team-Building. The most interesting leadership topics were 
Professional Ethics, High Performing Team-Building, and Organizational Structure and Ability 
to Lead (Figure 1). A comparison analysis illustrates the difference in ratings between 
participants in MICs and HICs (Table 3). No significant differences were identified in leadership 
topics when stratified by surgeons’ experience. 
 
Discussion 
Leadership education for surgeons has proven effective in promoting organizational success and 
facilitating the development of skills integral to surgeons’ overall clinical expertise.7,24,25 Despite 
this recognition, there is a dearth of publications describing studies of leadership programs for 
surgeons in Latin America. Therefore, LMICs in Latin America often rely on literature largely 
derived from HICs in North America and Europe. Identifying the perceived needs for leadership 
courses specific to Latin American orthopaedic surgeons can help to promote the development of 
leadership opportunities and effective curricula which adequately address the needs of this 
particular group.  
 
In this study, one statistically significant difference was observed between income groups 
regarding orthopaedic surgeons’ perceived level of interest in leadership topics. Consistent with 
this finding, prior research has shown that leadership programs from HICs are often unlikely to 
apply well to LMICs. A study from the oncology field compared 217 Latin American oncology 
surgeon-leaders’ perceptions on leadership competencies to those from North America and 
Europe.26 Notably, the most valued leadership skills identified among the Latin American 
respondents were significantly different from those identified by North American and European 
respondents. Additionally, another study noted important differences in the value of leadership 
education competencies between physicians and other healthcare professional groups.27 Factors 
such as culture, language, resources, training, and surgical subspecialty may influence the 
perception of desired leadership topics. This illustrates the importance of developing and 
tailoring leadership curriculum to specific professions and regions.  
 
According to the survey respondents in this study, the three leadership topics considered to be 
most important were Professional Ethics, Crisis Management/Organizational Change 
Management, and High Performing Team-Building. Additionally, the three highest rated 
leadership topics considered to be most interesting were Professional Ethics, High Performing 
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Team-Building, and Organizational Structure and Ability to Lead. These topics embody the 
multi-faceted aspects of surgeons’ roles as leaders, from managing teams to collaborating and 
leading quality improvement or advocacy efforts, and may be used as core concepts in the 
development of future leadership curricula. Though non-medical, another study demonstrated 
similar desirable leadership traits in Latin American managers, including decisiveness, 
diplomacy, collaboration, and altruism.28 Overall, the majority of Likert-scale results were 
positively scored by the survey respondents, with a disproportionately small percentage of 
leadership topics perceived as not important or interesting. While this could highlight a shared 
appreciation for leadership-related content for orthopaedic surgeons, the overwhelming positive 
Likert-scale responses could also reflect a degree of unfamiliarity with the specificity of these 
topics. 
 
Further, the majority of survey respondents served in a leadership position within the field of 
����������������������������������������������������������;���������������������������������
leadership course. While there is clearly a need for leadership programs for these surgeons, prior 
studies show that experiential learning over time can still lead to effective faculty development.29 
However, further investigation on the relationship between experience and course work is 
important. One systematic review that identified key leadership competencies for medical 
professionals determined that these skills could best be acquired through formal, systematic 
�����������������������������������;�����������������������������������������������������������30 
 
An overwhelming 97% of Latin American respondents expressed interest in attending a 
leadership course designed for orthopaedic surgeons, however, multiple barriers to participating 
in such programs were identified. This included lack of opportunities/invitations, time 
constraints, and cost. Due to an orthopaedic surgeon’s demanding schedule, with an average of 
70 hours of work per week,31 the ease of having time to attend courses outside of work is low. 
One pilot study proposed a solution by building a mandatory leadership training program into the 
curriculum for medical specialists.15 The idea of mandatory leadership training for all surgeons 
was positive, with 81% of the participants stating that participation in a leadership course led 
them to feel better prepared to tackle and learn from challenges. These personal development 
skills are important characteristics for highly successful orthopaedic surgeons,31 and promoting 
mandatory, standardized leadership programs in conjunction with orthopaedic surgeons’ 
institutional training could help equip surgeons with skill sets that can improve performances and 
reinforce best practices. Additional leadership course resources such as personality assessment 
tests, though more embraced in the business field, can also be an effective tool in improving 
physician leadership and mentorship skills for orthopaedic programs.32 This evidence suggests 
that orthopaedic surgery leadership development programs have the potential to be extremely 
beneficial not only to surgeons but also to their patients and health systems.  
The results of this needs assessment survey can be used to develop leadership training curricula, 
ideally accessible to all orthopaedic surgeons in Latin America. In an effort to alleviate barriers 
identified in the survey, the leadership development opportunities could be offered free of cost 
through an online platform to allow for accessible and self-paced training. This online offering 
could be supplemented by local courses delivered by surgeon-leaders with an interest and 
expertise in identified areas for leadership development. In addition, the findings of this study 
can help foster awareness and encourage the development of leadership opportunities in this 
region, as well as contribute to the literature on orthopaedic trauma care in Latin America, which 
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has historically been underrepresented.33,34 The surgeon-respondents represented all Spanish-
speaking countries in Latin America, allowing for a more uniform view of the region’s needs. 
Almost 70% of respondents completed the survey, representing a strong response rate. Given its 
success, this type of survey-based study can be used as a model for future needs assessments, 
targeting surgeons with other subspecialities or geographical areas. 
 
The study has several limitations. The needs assessment survey was restricted to self-reported 
measures. However, this study represents an important first step in gauging appropriate topics for 
leadership curricula, as a needs assessment approach is an effective way to understand 
knowledge gaps that ultimately create programs that meet those needs. Additionally, the 
orthopaedic surgeon participants were from the ACTUAR network, which includes a substantial 
number of members who are experienced orthopaedic trauma surgeons who have held leadership 
positions within their national societies and have an interest in conducting research. Therefore, 
these participants represent only one small segment of the diverse population of orthopaedic 
surgeons in Latin America and may not fully represent the views of the general population, 
potentially creating a selection bias. While not all ACTUAR members have experience in 
research or have engaged in significant leadership roles, the organization does attract individuals 
with an interest in developing these areas professionally and regionally. Given this interest, 
members of the ACTUAR network represent a group of orthopaedic surgeons familiar with 
academic society offerings and existing leadership development activities and are, therefore, an 
appropriate group to gauge perceived needs in these areas. Finally, in this study, females only 
represent 11% of the orthopaedic surgeon-participants. Few published reports address the overall 
representation of female orthopaedic trauma surgeons in Latin America. One study cited that 
females represented 4.8% of all orthopaedic traumatologists in Peru and 6% of the national 
orthopaedic and traumatology society in Chile.35 Therefore, the current study likely does not 
underrepresent female respondents.  
 
In summary, orthopaedic surgeons in Latin America demonstrate an interest in acquiring 
additional leadership skills but have few opportunities. This study can help to elucidate 
knowledge gaps in leadership training and guide the development of curricula tailored to address 
the needs of this particular group. Further work is needed to better understand perceived 
leadership skill needs in different regions and cultures and evaluate the effectiveness of 
leadership programs to improve long-term leadership skills.  
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Figure 1. Participant response rate gauging surgeons’ level of interest in leadership topics and 
their relative importance utilizing Likert-scale survey questions based on percentage of responses 
among overall group. 
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Table 1. Demographic data of survey respondents 
 

Characteristic N (%) Middle-
Income 
Country 
(MIC)^ 

High-
Income 
Country 
(HIC)^ 

Total 144 (100)   
Gender    
       Male 127 (89)   
       Female 17 (11)   
Country of practice    
       Argentina  9 (6)  
       Bolivia  1 (1)  
       Brazil  12 (8)  
       Chile   1 (1) 
       Colombia  28 (19)  
       Cuba  25 (17)  
       Dominican Republic  1 (1)  
       Ecuador  1 (1)  
       El Salvador  3 (2)  
       Guatemala  4 (3)  
       Honduras  4 (3)  
       Mexico  38 (27)  
       Nicaragua  3 (2)  
       Panama   2 (1) 
       Paraguay  1 (1)  
       Peru  2 (1)  
       Uruguay   6 (4) 
       Venezuela  3 (2)  
Years in practice    
        0-5 11 (8)   
        6-10 17 (12)   
       11-15 18 (12)   
       16-20 28 (19)   
      More than 20 70 (49)   
Currently hold a leadership position?    
        Yes 117 (81)   
        No 27 (19)   
Years in a leadership position    

0-2 28 (24)   
3-5 29 (25)   
More than 6 60 (51)   

Leadership role+    
       Hospital setting 89 (62)   
       National orthopaedic society 64 (44)   
       Clinical setting 58 (40)   
       Regional orthopaedic society 39 (27)   
       International orthopaedic society 11 (8)   
*Various demographic data not reported for all respondents 
+Multiple responses selected 
^2021 World Bank Country and Lending Groups  
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Table 2. Leadership Course Needs Assessment 
 

Questions N (%) 
Total 144 (100) 
How many leadership courses have you attended 
previously? 

 

      None 91 (63) 
      1 26 (18) 
      2 or more 27 (19) 
Interested in attending a leadership course for surgeons?  
      Yes 139 (97) 
      No 5 (3) 
Are you comfortable taking a leadership course in English?  
      Yes 129 (90) 
      No 15 (10) 
Have you ever taken a personality test?  
      No 122 (85) 
      Yes 22 (15) 
Main obstacles to attending a leadership course+  
     No opportunities or invitations 99 (69) 
     Difficulty missing work  35 (24) 
     Cost 30 (21) 
     Calendar conflicts 25 (17) 
     Other 11 (8) 
     Early in career  4 (3) 
Teaching methods that are the most engaging+  
     Interactive plenary session 98 (68) 
     Small group work 90 (62) 
     Simulation exercises 83 (58) 
     Lectures 76 (53) 
     Other 2 (1) 
*Various demographic data not reported for all respondents 
+Multiple responses selected 
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Table 3. Comparison analysis between middle-income countries (MICs) and high-income 
countries (HICs) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*All tests of significance are completed with Fisher’s exact test (p < 0.05) 
Weighted mean using a 5-point Likert-�����;��������������������������������������������������������������������������
disagree 
 
 
  

  MIC 
Mean SD HIC 

Mean SD P-Value 

The Most Important Leadership Topic Is:      

Decision Making  ���� ���� ���� ���� ���� 
Crisis Management/Organizational Change 
Management  ���� ���� ��� 0.53 ���� 

High Performing Team-Building  ���� ���� ���� ���� ���� 
Ability to Negotiate  ���� ���� ���� ���� ���� 
Professional Ethics  ���� ���� ���� 0.50 ���� 
Personal Development  ���� ���� ���� ���� ���� 
Organizational Structure and Ability to Lead  ���� ���� ���� ���� ���� 
Presentation Skills  ���� ���� ���� ���� ���� 
Ability to Teach  ���� ���� ���� ���� ���� 
Management of Social Networking  ���� ���� ���� ���� ���� 

The Most Interesting Leadership Topic Is:      

Decision Making  ��� ���� ���� 0.33 ���� 
Crisis Management/Organizational Change 
Management  ���� ���� ��� 0.50 ���� 

High Performing Team-Building  ���� ���� ���� ���� ���� 
Ability to Negotiate  ���� ���� ���� 0.35 ���� 
Professional Ethics  ���� ���� ���� ���� ���� 
Personal Development  ���� ���� ���� ���� ���� 
Organizational Structure and Ability to Lead  ���� ���� ���� 0.35 ���� 
Presentation Skills  ���� ���� ���� ���� ���� 
Ability to Teach  ���� ���� ��� ���� ���� 
Management of Social Networking  ���� ���� ���� ���� ���� 
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Appendix A (Supplemental Digital Content) 
The cross-sectional survey design is available at http://links.lww.com/OTAI/A21  
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Abstract 
Solutions to address the global burden of musculoskeletal trauma in Latin America require not 
only financial resources and clinical research infrastructure, but also non-clinical leadership 
capacity-building for orthopaedic surgeons. Recognizing the impact that leadership development 
training has on improving patient outcomes and performance of healthcare organizations, 
orthopaedic surgeons in Latin America could greatly benefit from these opportunities. Yet, 
formal training or opportunities to attend such programs, particularly in countries with limited 
resources, largely do not exist. Most of the literature describing leadership programs is 
concentrated on high-income countries (HICs), specifically in North America and Europe. As a 
result of this discrepancy, the network of orthopaedic trauma surgeons, Asociación de Cirujanos 
Traumatólogos de las Américas (ACTUAR), developed curricula for a novel Leadership 
Development Program (LDP) for Latin American orthopaedic surgeons. This paper describes the 
delivery of the one-day LDP delivered to 40 orthopaedic trauma surgeons at the 30th Annual 
Federación Mexicana de Colegio de Ortopedía y Traumatología (FEMECOT) Congress in 
Hermosillo, México on October 31, 2019.  
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Introduction 
Musculoskeletal conditions contribute to an increasing burden throughout the world.1 According 
to the World Health Organization, Latin America has the highest per capita road traffic fatality 
rates than any region worldwide.2 Latin America, which comprises diverse healthcare systems 
with varying resources across countries,3 has a relative absence of region-specific research 
examining the burden of musculoskeletal trauma. This lack of investigative work originating 
from Latin America contributes to the overall paucity of credible data on the burden of 
musculoskeletal conditions in low- and middle-income countries (LMICs).4 Region-specific 
solutions to address this burden require not only financial resources and research infrastructure, 
but also leadership capacity-building for orthopaedic surgeons. Recognizing the impact that 
leadership development training has on increasing patient outcomes and performance of 
healthcare organizations, orthopaedic surgeons in Latin America could greatly benefit from these 
opportunities.5–9  
 
Non-clinical leadership competencies, such as emotional intelligence, self-awareness, effective 
communication, problem-solving skills, and the ability to coach and mentor others, are common 
characteristics expected in the surgical field. Yet, formal training or opportunities to attend such 
������������������������������������������������������������������������������������;10–12 most of 
the literature describing leadership programs is concentrated on high-income countries (HICs), 
specifically in North America and Europe.11 As a result of this discrepancy, the Latin American 
network of orthopaedic trauma surgeons, Asociación de Cirujanos Traumatólogos de las 
����������������;�www.actuarla.org), developed curricula for a novel Leadership 
Development Program (LDP) for Latin American orthopaedic surgeons. The purpose of this 
course was to complement the personal and professional skills of orthopaedic surgeons’ drive to 
lead with the expertise needed to do so effectively. The LDP can be adapted and utilized as a 
model by local orthopaedic surgeons in resource-limited environments.  
 
This paper describes the delivery of the one-day LDP delivered to 40 orthopaedic trauma 
surgeons at the 30th Annual Federación Mexicana de Colegio de Ortopedía y Traumatología 
(FEMECOT) Congress in Hermosillo, México on October 31, 2019.  
 
Background 
There is a disparity in the number of scientific publications arising from Latin America, 
particularly within �����������������������;13 indeed, Latin American countries represented only 
1% of orthopaedic articles, and only 3.1% of orthopaedic trauma studies originating from Latin 
America were represented among all LMICs.13,14 This deficiency is significant considering the 
importance of locally-produced research in the development of effective healthcare 
infrastructure.15,16 Professional enrichment opportunities such as leadership development are 
instrumental in developing avenues for knowledge exchange and capacity-building.17–19 One 
solution to this is through building multi-national partnerships that promote the efforts of 
collaborative investigative work and leadership infrastructure. To this end, the Asociación de 
Cirujanos Traumatólogos de las Américas (ACTUAR) was developed in 2017 to foster 
partnerships and facilitate networking between the Global North-South.20 Since its establishment, 
ACTUAR has grown to over 150 members and partnered with more than 20 academic societies 
throughout the region. With the overarching goal to increase research capacity across North, 
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South, and Central America, ACTUAR works to further develop infrastructure for collaboration 
with these surgeons as collaborators, co-investigators, and co-authors.  
 
Engaging and supporting leadership capacity-building would appear to be an effective strategy 
towards improving patient outcomes and treatment. Currently, few leadership development 
opportunities exist for orthopaedic surgeons in Latin America to participate in non-clinical, 
competency courses, thus limiting their ability to enhance their skills as a leader. Given that 
many ACTUAR members hold formal and informal leadership roles as board members for 
national and international orthopaedic societies and as mentors to orthopaedic trainees within 
their clinical practices, leadership development training could greatly impact these surgeon-
leaders, both personally and professionally. 
 
As a result, in 2019, ACTUAR members and faculty from the University of California, San 
Francisco (UCSF) and FEMECOT collaborated on the design of a one-day leadership course, to 
be offered at one of the largest annual orthopaedic conferences in Latin America. Given the 
relative absence of leadership program models for orthopaedic surgeons, the main organizers of 
the course were tasked with building a curriculum that was tailored to orthopaedic surgery for 
relevance and applicability.  
 
Leadership Course 
On October 31, 2019, 40 orthopaedic surgeons from three countries (Colombia, Cuba, México) 
attended the one-day LDP in Hermosillo, México, held in conjunction with the 30th Annual 
FEMECOT Congress. Attendees were orthopaedic surgeons selected based on their experience 
and roles as leaders within their professional orthopaedic societies or clinical practices. In 
preparation for the course, the attendees were given a needs assessment survey to query their 
level of interest and importance in leadership topics, perceived accelerators and barriers to 
attending leadership development opportunities, as well as demographic information.21 The 
leadership topics and themes identified from the survey results guided the organizers’ selection 
of LDP course content. 
 
The LDP schedule consisted of multiple teaching methods, including didactics, small working 
groups, and interactive group activities (Appendix A), and was developed in line with the “70-
20-10” rule to foster effective leadership skills.22,23 Ten percent of the curriculum involved 
formal instruction and classroom-based learning concepts, 20% involved small-group discussion 
and feedback, and 70% involved experiential learning and applying their new skills to real-world 
experiences. This was also achieved through an interactive group activity and instruction was 
delivered by local surgeon-leaders with an interest and expertise in selective areas of leadership 
development (Figure 1). Course curricula was designed by identifying key themes and topics 
from Latin American-focused literature reviews,17,24–27 formal leadership programs from major 
business schools in the United States, and recommendations solicited from experts. The 
curriculum included concepts designed to impart fundamental principles of leadership 
�����������;��pecifically, critical elements of leadership, styles of personal learning, 
communication, team dynamics, and hands-on pedagogical activities, including a case study and 
an interactive group activity. All course instruction was in Spanish. 
 
Future Directions 
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The one-day intensive LDP, presented by local faculty on the fundamentals of leadership, could 
be a long-term effective method to support leadership development capacity, and ultimately, 
improve treatment of musculoskeletal trauma care in diverse populations across Latin America.   
 
Future directions could include: 1) transitioning the LDP to an online modular curriculum to 
allow for accessible, self-paced ���������������������������������������������������������������;�
2) adapting the course for other subspecialities or geographical regions, particularly in LMICs 
�������������������������������������������������������������������; 3) maintaining a sustainable 
model by including local surgeon-leaders as educators with an interest and expertise in 
leadership;����������������������������ating a series of complementary courses to be delivered 
�������������������������������������;����������������������������������������������
retention and course impact through pre-and post-knowledge surveys. 
 
Conclusions 
In summary, the LDP was designed to enlighten orthopaedic surgeons in senior leadership 
positions across Latin America who are poised to impact the specialty today and in the future. 
This type of course curriculum could continue to enrich surgeons’ development of non-clinical 
leadership skills, increase their knowledge of leadership concepts and principles, facilitate 
networking, and reinforce Global North-South partnerships. The goal of this course was to 
develop a sustainable and effective model and equip orthopaedic trauma surgeons in Latin 
America with the necessary leadership skills, and ultimately advance high-quality 
musculoskeletal care. While there are many clear benefits to non-clinical leadership development 
training in the medical field, further investigation into evidenced-based and region-specific 
impact of a LDP is necessary to better direct the curricula for future courses.  
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Figure 1. Dr. Fernando de la Huerta of Guadalajara, México delivered a presentation on effective 
communication at the Inaugural Leadership Development Program for Orthopaedic Surgeons in 
Hermosillo, Mexico, October 31, 2019. 
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Abstract 
Background: Despite evidence that formalized trauma systems enhance patient functional 
outcomes and decrease mortality rates, there remains a lack of these systems globally. Critical to 
trauma systems are the equipment, materials, and supplies needed to support care, which vary in 
availability regionally. The purpose of this study was to identify essential resources for 
musculoskeletal trauma care across diverse resource-settings worldwide. 

Methods: The modified Delphi method was utilized, with three-rounds of electronic surveys. 
Respondents consisted of one surgeon per country with expertise in musculoskeletal trauma. 
Participants were identified using the AO Trauma, AO Alliance, Orthopaedic Trauma 
Association, and European Society for Trauma and Emergency Surgery networks. Respondents 
rated resources on a Likert scale from 1 (most important) to 9 (least important). The “most 
essential” resources were classified as those rated ≤2 by ≥75% of the sampled group. 

Results: 103 of 111 invited surgeons completed the first survey and were included throughout 
the subsequent rounds (93% response rate). Most participants were fellowship-trained (78%) 
trauma and orthopaedic surgeons (90%) practicing in an academic setting (62%), with over 20 
years of experience (46%). Respondents represented low-income and lower-middle-income 
countries (L����;�35%), upper-middle income countries (U����;�30%), and high-income 
countries (H���;�35%). The initial survey identified 308 unique resources for pre-, in-, and post-
hospital phases of care, of which 71 resources achieved consensus as the most essential. There 
was a significant difference (p<0.0167) in ratings between income groups for 16 resources, all of 
which were related to general trauma care rather than musculoskeletal injury management. 

Conclusions: There was agreement on a core list of essential musculoskeletal trauma care 
resources by respondents from LMICs, UMICs, and HICs. All significant differences in resource 
ratings were related to general trauma management. This study represents a first step towards 
establishing international consensus and underscores the need to prioritize resources that are 
locally available. The information can be used to develop effective guidelines and policies, 
create best-practice treatment standards, and advocate for necessary resources worldwide.  

Level of Evidence: This study utilized the Delphi method representing expert opinion, however, 
this work did not examine patient management and therefore does not have a clinical Level of 
Evidence. 
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Introduction 
Trauma is a leading cause of morbidity and mortality worldwide, with musculoskeletal injury 
representing a large proportion of this burden overall.1,2 According to the World Health 
Organization (WHO), more than four million deaths are attributed to traumatic injuries 
annually.3 While trauma impacts all populations, injury patterns vary widely by region, 
disproportionately affecting those in low- and middle-income countries (LMICs) where 90% of 
injury-related deaths occur.1,4 Unsafe conditions, less access to resources, and lack of 
standardized treatment efforts contribute to this disparity.5 Strategies to address this burden 
include trauma systems and established guidelines. Despite evidence that coordinated trauma 
systems enhance functional patient outcomes, decrease mortality rates of treated trauma patients 
by 15-20%, and provide support for improved allocation of resources,1,5–7 there remains a lack of 
formalized systems globally.8–10 A recent study indicated that only 29% of surgeons worldwide, 
and only 50% of those in high-income countries (HICs), reported that their country had a trauma 
system.8 Critical to these systems are the equipment, materials, and supplies needed to deliver 
musculoskeletal care, which vary in availability regionally. Given the breadth of geographic and 
economic differences globally, recommendations for trauma care from higher-income to lower-
income countries are not always generalizable. Understanding the most high-yield and locally 
available resources for musculoskeletal injury management across all income groups is necessary 
for the development of guidelines for trauma care in any given region. Thus, the purpose of the 
present study was to identify the most essential resources for musculoskeletal trauma care across 
diverse resource-settings worldwide. 
 
Materials and Methods 
Modified Delphi Method 
A three-round electronic survey was administered in the English language to a panel of trauma 
and orthopaedic surgeons with use of the modified Delphi method. This iterative process seeks 
consensus opinion through a series of surveys among a group of experts. Over the last two 
decades, this method has become an increasingly valuable tool used to enhance decision-making 
processes in the field of health research.11,12 The current study involved three survey rounds: (1) 
an initial survey to identify a list of essential musculoskeletal trauma care resources, (2) a second 
survey to rate the list of essential resources identified in the initial survey, and (3) a third survey 
to re-rate the list of the most essential resources identified in the second survey. Feedback on the 
panel’s aggregate rating was provided during each survey round to help the individual surgeons 
re-evaluate their opinions against those of the group. 
 
The group of experts were practicing surgeons in a leadership role (e.g., leaders of professional 
societies, academic orthopaedic departments, or clinical practices) who treated traumatic 
musculoskeletal injuries and had knowledge of the status of their country’s trauma systems. All 
surgeons self-identified as being capable of understanding and completing a survey in the 
English language. One hundred and eleven surgeon-experts from 111 different countries, 
representing varying income groups, were invited to participate in the study. These respondents 
were identified using the AO Trauma, AO Alliance, Orthopaedic Trauma Association (OTA), 
and European Society for Trauma and Emergency Surgery (ESTES) networks and were 
recognized as being surgeon-leaders within their countries. Each survey was open for completion 
for six weeks and was administered electronically through REDCap (Research Electronic Data 
Capture), a secure web-based application for online surveys and databases. The study was 
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approved by the institutional review board at the University of California, San Francisco (UCSF) 
and participant consent was obtained at the time the survey was administered. 
 
Delphi Round One 
The purposes of the Round One survey were to collect the surgeons’ demographic information 
and to develop a comprehensive list of resources considered essential for pre-hospital, in-
hospital, and post-hospital phases of care for musculoskeletal injury with use of a free-text 
response field. The panelists were encouraged to identify a minimum of five resources for each 
phase of hospital care. 
 
Delphi Round Two 
All free-text responses from the Round One survey were compiled and synthesized into 
appropriate categories and were reviewed by the steering committee, which included a total of 
ten trauma and orthopaedic surgeons from Africa, Australasia, Europe, North America, and 
South America. These responses were subsequently distributed through an electronic survey in 
which the panelists were asked to review each resource and rate its perceived importance on a 9-
point Likert scale (scores of 1 to 3 being “most important”, 4 to 6 being “moderately important”, 
and 7 to 9 being “least important”). The steering committee defined “most important” as a 
resource that should be considered a standard for the surgeon’s national trauma system. In 
contrast, the steering committee defined “least important” as a resource that should not be 
included as a standard for the surgeon’s national trauma system. All participants were 
encouraged to submit any additional resources that were considered of importance and that were 
not already included after the Round One survey. 
 
Delphi Round Three 
The overall mean for each resource was scored and listed by category from most important to 
least important in the electronic survey. Each resource was accompanied by a histogram 
illustrating the panelists’ average rating. With the knowledge of the group’s responses, the 
surgeons were invited to reassess their opinions and re-rate each resource against those of the 
group. 
 
Statistical Analysis and Ranking 
The results in the Delphi Round Three survey were summarized with an aggregate rating. The 
criterion for the achievement of consensus was initially defined as a rating of 1 to 3 on the Likert 
scale (“most important”) by ≥75% of panelists, based on a threshold commonly used to define 
consensus.13 However, because of the large number of resources that qualified for inclusion, a 
post hoc modification was made by the steering committee to set the criterion to a rating of 1 or 
2 on the Likert scale with ≥75% agreement among the group. This modification allowed for the 
identification of only the highest ranked, or most essential, resources.  
 
In addition, a comparison analysis of the surgeons’ ratings was performed across income levels 
defined by the 2021 World Bank and Lending Groups data.14 Summary statistics were calculated 
with use of the Wilcoxon rank sum test and the Kruskal Wallis test, with p<0.0167 as the 
significance level (due to a Bonferroni adjustment for the three pairwise comparisons among 
income groups). Adjustments for multiple testing across variables were not performed, as each 
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��������������������������������������������������������������������������������������;�
StataCorp).  
 
Source of Funding: This study was supported by funding from the Wyss Medical Foundation.  
 
Results 
The initial survey was completed by 103 of 111 invited respondents, yielding an overall response 
rate of 93%. Of these 103 respondents, 101 completed the subsequent two survey rounds (Figure 
1). Participants represented countries across all income groups: low-income countries and lower-
middle-�����������������������;������������-������������������������������;�����������
high-����������������������;����������������� 
 
Most respondents were fellowship-trained (78%) orthopaedic surgeons (90%) practicing in an 
����������������������������������������������������������������������������������������������
from which the participants were selected, few (3%) identified as a surgeon practicing in a 
specialty other than orthopaedic surgery (e.g., general surgeons who treated trauma and 
���������������������������������������������������������������������������������������������-
hospital, in-hospital, and post-hospital phases of ca�������������������Seventy-one of these 
resources were identified as “most essential” and were associated with the following categories: 
pre-hospital care (ancillary services, personnel, and supplies), in-hospital care (training, 
education, personnel, policies, protocols, supplies, emergency department, operating room, and 
infrastructure), and post-������������������������������������������������� 
 
Comparison Between Income Groups 
Among the full list of 308 resources identified, there were significant differences (p<0.0167) in 
ratings between income groups (LMICs, UMICs, and HICs) for 16 resources, which were 
designated under the following categories: pre-hospital care (ancillary services and 
infrastructure), in-hospital care (personnel, research, supplies, and infrastructure), and post-
hospital care (community education). These resources included air medical access, general and 
psychiatric practitioners, advanced imaging, and anesthesia-related supplies and equipment 
(ventilator, intubation supplies, analgesia) (Table 3).  
 
In all three phases of care, surgeons from lesser-resourced countries rated most of these 
resources as having significantly lower priority relative to those from higher-resourced countries. 
��������������������������������-���������������������������;�����e personnel included research 
��������������������������������������������������������������������������������������������������
basic research category.  
 
Discussion 
Trauma care is largely dependent on the organization of services as well as on highly resource-
dependent variables, including the availability of specialists and access to essential supplies.�� 
The number of orthopaedic and traumatology specialists per capita ranges substantially across 
���������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������
HICs.8 Similarly, there are disparities in the equipment, materials, and supplies needed to support 
�������������������������������������������������������������������������������������������
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management, although the specific resources required for this care are not well documented.16,17 
Higashi et al. estimated that in LMICs, 21% of the morbidity and mortality due to injuries is 
potentially modifiable with the establishment of basic trauma care provisions,18 underscoring the 
importance of identifying the most high-yield resources for musculoskeletal care.  
 
In the present study, consensus was reached on 71 items that were considered “most essential” 
by the expert panel across all income groups, suggesting that these are widely regarded as the 
most basic of required resources. Significant differences were observed in 16 resources, all 
related to general trauma management and not musculoskeletal injury care, further demonstrating 
consensus on essential musculoskeletal resources across regions. The most essential resources 
that were identified should be considered for inclusion in guidelines. Many LMICs often do not 
have the supplies and equipment recommended in trauma care protocols. Therefore, many LMIC 
providers only refer to guidelines for needs assessments, advocacy, and policy development 
purposes, with a minority implementing these recommendations.10,19 This suggests that the 
recommended use of locally available resources is critical for effective guidelines.20–22 The 
differences in ratings by surgeons in the present study were likely reflective of the availability of 
the current resources in their respective countries. Resources such as air medical services and 
internet access, both ranked as highly important among surgeons in HICs and UMICs, were rated 
substantially lower by surgeons in LMICs. Similarly, more-advanced technological resources 
that are more accessible in resource-rich countries, such as computed tomography (CT) suites 
and 24/7 (always available) angiography suites, were also ranked differently by surgeons across 
income groups. Among the list of most essential resources, surgeons from HICs ranked 
specialized medical personnel higher than those from LMICs and UMICs. Notably, surgeons 
from LMICs and UMICs rated primary healthcare personnel as being more important than did 
those from HICs, perhaps indicating primary care providers play a more substantial role in 
resource-limited settings. These findings support the importance of prioritizing locally available 
equipment and services for the development of effective guidelines.23,24  
 
In an effort to improve trauma care quality, the American College of Surgeons (ACS) Task Force 
of the Committee on Trauma developed a list of essential and desirable provisions considered to 
be important for trauma care (pre-hospital to post-hospital), with an emphasis on surgeons and 
patients in rural settings.21 Subsequently, Mock et al., in collaboration with the World Health 
Organization, established the Essential Trauma Care (EsTC) Project in 2004, which 
recommended affordable supplies and equipment, specifically for LMICs.6,22 The list of 
recommendations addressed general trauma surgical services, including basic resuscitation, 
airway management, and hemorrhage control. While the EsTC Project has made progress in 
implementing locally relevant recommendations across sites in LMICs,6 it was focused on 
countries within a specific economic group and on general trauma care (rather than 
comprehensive musculoskeletal injury management). In 2018, Chan et al. conducted a Delphi 
study to develop recommendations for an essential list of trauma and orthopaedic equipment for 
non-operative, specialist, and tertiary providers across LMICs in Africa.24 The current study 
expands on that work and includes three phases of care, identifying additional resource 
categories (i.e., personnel, education, policies, protocols).  
 
The present study had several potential limitations. Although more than 300 unique resources 
were reported by the expert panel, it is highly likely that there were additional items – 
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particularly, more basic supplies, such as sutures – that were not identified in the study. In 
addition, for the purposes of identifying a list of resources that were considered to be “most 
important,” a post hoc modification was made with a more stringent set of criteria. By doing so, 
some key resources may not have been identified in the “most essential” category. These 
essential resources could be considered more prominently, but not exclusively, for recommended 
guidelines. Furthermore, as the survey was designed in the English language, this may have 
limited the participants’ responses. Additionally, while more than 70% of the respondents had 
greater than 10 years of experience, the remainder had fewer years of experience and may not 
have had the same level of knowledge as their counterparts. Finally, although employing a larger 
sample size than most Delphi studies,13 the present study sought to have sufficiently broad 
geographical and economical representation for comparison between income groups.6 The 
selection of one surgeon-�����������������������������������������������������;�������������������
surgeon would not be representative of an entire country or region, within which substantial 
variations in socioeconomic conditions may exist. Further investigation is therefore necessary to 
���������������������������������������������������������������������������;������������������������
study could be used as a basis for those investigations.  
 
In summary, resource availability is critical for the successful development of trauma systems 
and the delivery of musculoskeletal trauma care. In the present study, survey respondents from 
LMICs, UMICs, and HICs achieved agreement on a core list of essential musculoskeletal trauma 
care resources. The results of this study underscore the need to prioritize resources that are 
locally available in any given setting rather than those that are not accessible. This study 
represents a first step toward establishing international consensus. The information can be used 
to develop effective guidelines and policies, create best-practice treatment standards, and 
advocate for necessary resources worldwide.  
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Figure 1. Flow of survey administration and respondents 
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Figure 2. World map representing respondents’ countries of origin 
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Table 1. Demographic data of surgeon respondents 
 

 

+Multiple responses were selected 
 
 
 
  

Characteristic N (%) 
Total  103 (100) 
Training  
       Orthopaedic surgeon 93 (90.3) 
       Fellow (undergoing orthopaedic     
       trauma specialty training) 

7 (6.8) 

       Other 3 (2.9) 
Years in practice  
        0-5 18 (17.5) 
        6-10 12 (11.7) 
       11-15 15 (14.5) 
       16-20 11 (10.7) 
       >20 47 (45.6) 
Fellowship in orthopaedic trauma  
        Yes 80 (77.7) 
        No 23 (22.3) 
Practice setting+  
       Academic 64 (62.1) 
       Private Clinic 47 (45.6) 
       Public Hospital 31 (30.1) 
       Other 3 (2.9) 
Country income group  
        Low-Income & Lower-  
        Middle-Income (LMICs) 

36 (35) 

        Upper-Middle-Income  
        (UMICs) 

31 (30) 

        High-Income (HICs) 36 (35) 
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Table 2. Most essential resources identified across income groups (LMICs, UMICs, and HICs)* 

 
Pre-Hospital Phase 

 Overall Mean LMIC Mean UMIC Mean HIC Mean P Value 
Ancillary Services 
Ambulance services 1.53 1.53 1.73 1.37 0.30 
Emergency medical response system 1.71 1.80 1.53 1.77 0.35 
Personnel 
Quick response team 1.97 2.00 2.23 1.71 0.28 
Supplies 
IV fluids 1.47 1.51 1.47 1.43 0.96 
Surgical gloves 1.49 1.69 1.50 1.29 0.25 
Cervical collar 1.52 1.54 1.47 1.54 0.57 
Resuscitation kit/airway management 1.53 1.77 1.73 1.20 0.05 
Pulse oximeter 1.56 1.77 1.73 1.20 0.05 
Face mask 1.61 1.66 1.77 1.42 0.69 
Life support equipment 1.67 1.60 1.93 1.51 0.30 
Spine board 1.75 1.83 1.90 1.54 0.73 
Basic dressings 1.82 1.94 1.77 1.74 0.74 
Antiseptics/iodine 1.89 1.80 1.97 1.91 0.90 
Basic immobilization systems 1.95 1.80 2.13 1.94 0.88 

In-Hospital Phase 
 Overall Mean LMIC Mean UMIC Mean HIC Mean P Value 
Training 
Training OR trauma surgeon 1.77 1.69 1.60 1.40 0.70 
Training OR orthopaedic surgeon 1.83 1.61 1.60 1.48 0.48 
Training ER staff/nursing 1.85 1.78 1.83 1.51 0.59 
Training ER physician 1.86 1.67 1.80 1.54 0.61 
Training OR anesthesia 1.93 1.78 1.90 1.42 0.14 
Education 
Advanced Trauma Life Support 
(ATLS) 

1.76 1.63 1.77 1.34 0.35 

Continuous Medical Education (CME) 1.85 1.64 2.13 1.54 0.12 
Personnel 
Anesthesiologist 1.42 1.47 1.33 1.08 0.14 
Nursing 1.75 1.96 1.67 1.54 0.50 
Radiologist 1.85 1.91 1.83 1.63 0.66 
ER physician 1.85 1.89 1.97 1.77 0.23 
Orthopaedic trauma surgeon 1.88 1.50 1.83 1.43 0.23 
Neurosurgeon 1.93 1.93 2.00 1.80 0.45 
Policies 
24/7 in-house anesthesiologist 1.80 1.72 1.37 1.11 0.03 
24/7 in-house trauma surgeon 1.98 1.97 2.03 1.63 0.43 
Protocols 
Trauma imaging protocol  1.80 1.83 2.10 1.34 0.14 
Pre-operative anesthesia assessment 1.88 2.14 2.20 1.74 0.85 
Trauma management protocol 1.90 1.75 2.07 1.43 0.43 
Trauma triage protocol 1.95 1.64 2.20 1.37 0.15 
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Musculoskeletal trauma management 
protocol 

1.98 1.80 2.10 1.60 0.64 

Pelvic trauma management protocol 1.98 1.69 2.07 1.48 0.48 
Operating room surgery triage – 
urgent cases 

2.00 1.97 2.20 1.37 0.13 

Multidisciplinary team management 2.00 1.86 2.13 1.51 0.43 
Supplies 
Radiographs 1.31 1.69 1.23 1.08 0.02 
Intubation supplies 1.45 1.47 1.47 1.0 0.006† 
OR equipment 1.45 1.56 1.53 1.03 0.02 
Autoclave sterilization 1.46 1.53 1.53 1.14 0.15 
Surgical gloves 1.46 1.44 1.37 1.08 0.06 
Antibiotics 1.52 1.56 1.50 1.23 0.31 
Power equipment 1.56 1.56 1.83 1.08 0.06 
Internal fixation - nails 1.56 1.69 1.73 1.17 0.05 
CT 1.58 2.03 1.40 1.08 0.003† 
External fixators 1.58 1.72 1.70 1.08 0.08 
Analgesia 1.59 1.56 1.70 1.14 0.01† 
Dressings 1.60 1.53 1.57 1.17 0.02 
Ultrasound 1.63 1.78 1.77 1.57 0.35 
Ventilator 1.65 1.69 1.70 1.03 0.006† 
Internal fixation - plates 1.69 1.89 1.63 1.14 0.24 
Splint material 1.77 1.53 1.77 1.34 0.14 
Anticoagulants 1.82 2.08 1.80 1.48 0.13 
Traction table 1.86 1.80 2.03 1.23 0.05 
Radiolucent fracture table 1.95 1.78 2.17 1.23 0.04 
Emergency Department 
Procedure Room 1.94 1.86 2.23 1.71 0.70 
Operating Room 
24/7 availability trauma 1.71 1.78 2.10 1.40 0.26 
OR priority for emergency surgeries 1.74 1.80 1.80 1.17 0.14 
Availability trauma 1.85 1.78 2.00 1.49 0.63 
24/7 dedicated availability for 
musculoskeletal trauma 

1.95 1.80 2.20 1.49 0.34 

Infrastructure 
Blood bank 1.60 1.81 1.67 1.17 0.13 
Clinical laboratories 1.66 1.81 1.87 1.40 0.35 
Reliable power supply 1.68 1.67 1.83 1.23 0.16 
Intensive Care Unit - general 1.80 1.75 1.78 1.08 0.01† 
Intensive Care Unit – trauma/surgery 1.90 1.94 1.87 1.83 0.87 

Post-Hospital Phase 
  Overall Mean  LMIC Mean  UMIC Mean  HIC Mean  P Value 
Personnel 
Orthopaedic surgeon 1.77 1.69 1.93 1.54 0.39 
Supplies 
Radiographs 1.44 1.50 1.53 1.14 0.05 
Analgesia 1.77 1.61 1.97 1.26 0.07 
Antibiotics 1.81 1.64 1.80 1.66 0.58 
Dressings 1.89 1.80 2.07 1.34 0.05 



Establishing Consensus on Essential Resources for Orthopaedic Trauma Care Worldwide   |   85   

6

 

*Resources rated ≤2 with consensus by ≥75% of the group. IV= intravenous, OR= operating room, ER= 
emergency room, CT= commuted tomography 
†Significance level = p≤0.0167  
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Table 3. Statistically significant differences in ratings between income groups (LMICs, UMICs, 
HICs)* 

Pre-Hospital Phase 
Resource LMIC Mean UMIC Mean HIC Mean P Value 
Ancillary Services 
Air medical airplane/helicopter services 5.33 3.83 3.09 <0.001 
Infrastructure 
Internet access  2.60 2.47 1.51 0.01 

In-Hospital Phase 
Resource LMIC Mean UMIC Mean HIC Mean P Value 

Personnel 
Research assistant 3.05 4.13 4.34 0.01 
General practitioner 3.22 3.70 4.60 0.008 
Psychiatrist 3.61 4.67 4.77 0.01 
Psychologist 3.44 4.93 4.83 0.001 
Research 
Basic research 2.72 4.13 4.23 0.003 
Supplies 
Intubation supplies 1.47 1.47 1.00 0.006 
CT 2.03 1.40 1.08 0.003 
Analgesia 1.56 1.70 1.14 0.01 
Ventilator 1.69 1.70 1.03 0.006 
Skin grafting equipment 2.0 3.07 1.91 0.004 
Infrastructure 
Intensive care unit - general 1.75 1.78 1.08 0.01 
CT imaging proximity to ED 2.40 2.27 1.37 0.01 
24/7 angiography suite 3.42 3.03 2.00 0.002 

Post-Hospital Phase 
Resource LMIC Mean UMIC Mean HIC Mean P Value 
Community Education 
Short-term housing 3.67 4.63 3.40 0.01 

*Out of the total of 308 resources identified. CT= commuted tomography, ED= emergency department



Establishing Consensus on Essential Resources for Orthopaedic Trauma Care Worldwide   |   87   

6

 

Acknowledgments 
†Delphi Study Group (Corporate Authors) 
Anani G. Abalo, MD (Service de Traumatologie Orthopédie, CHU Sylvanus Olympio, Faculté 
des Sciences de la Santé, Universite de Lomé, Lomé�������;��������������������������������
�������������������������������������������������������������������;������������������
(Centro Ortopedia, Hospital Vivian Pellas, �������������������;�������������-Saadan, MD 
�����������������������������������������������������������������������������������;�
��������������������������������������������������������� ����������������������������
Medicine and Applied Sciences, Sana’a, Yemen); Rafael Amadei, MD (Trauma Unit, 
Orthopaedics and Traumatology Service, Cuena Alta Cañ��������������;�Theerachai 
Apivatth������������������������������������������������������������������������������������
���������������������;��������������������������������������������������������������
��������������������������������������;�������������������������������������������������d 
������������������������������������������������������������������������;������������������
MD (Department of Trauma Surgery, Pavol Jozef Šafárik University in Košice, Faculty of 
Medicine Rastislavova 43, Košice, Slovakia, Department of Trauma Surgery, Louis Pasteur 
University Hospital, Rastislavova 43, Košice, Slovakia); Alex M. Butera, MD (Department of 
�������������������������������������������������������������;�����������������������
�������������������������������������������������������������������������������������
�������;������������������������������������������������������������������������������
���������������������;������������������������������������������������������������������
������������������������������������-��������������������������������������������������
�������������������������������;�������������������������������������������������������;�
������������������������������������������������������������������������������������
���������������������������������;������������������������������������������������������
�����������������������������������������������������;�����������������������������������
������������������������������������������������������������������������������������������
���������������;����������������������������������thopaedics, Hospital Santo Tomas, 
��������������������;����������������������������������������������������������
�����������������������������������������������;����������������������������������
Orthopaedic Surgery, Circulo Catolico de Obreros del Uruguay, ��������������������;���������
�����������������������������������������������������������������������������������
Luxembourg City, Luxembourg); Wojciech Michał Glinkowski MD, PhD (Center of Excellence 
���������������������������������������������������������������������������������������������
���������������������������������������������;������������������������������������������
����������������������������������������������������;������������������������������������
Orthopaedic Surgery and Traumatology, Hos�������������������������������������������������
����������������������;�������������������������������������������������������������������
������������������������������������������������������������������;���������������������
(Specialty Hospital, Amman, J������;����������������������������������������������������
�������;��������������������������������������� (Private Practice, San Fernando, 
��������������������;��������������������������������������������������������������������
�������������������������������������������������������������������������������������;�
�������������������������������������������������������������������;�������������������
������������������������������������������������������������������������������������������
�������������������������������������������������������;��������������������������



88   |   Chapter 6

���������������������������������������������������������������������������������������;�
Florent Anicet Lekina, MD (Association Camerounaise pour l’Ostéosynthèse, Cameroon); 
Esther M.M. Van Lieshout, PhD, MSc (Trauma Research Unit, Department of Surgery, Erasmus 
MC, University Medical Center Rotterdam, Rotterdam, The Netherlands); Biser Makelov, MD, 
PhD (Department of Orthopaedic Surgery, University Hospital for Active Treatment "Prof Dr S. 
������������������������������������������;�Kebba S. Marenah, MD (Department of Trauma and 
Orthopaedics, Edward Francis-��������������������������������������������;�Konstantinos 
Michail, MD, MSc (Department of Orthopaedic Surgery, Papageorgiou University Hospital of 
���������������������;�����������������������������������������������������������������������
Orthopaedic Surgery, St. Louis, Missouri, United States of Am������;���������������������
���������������������������������������������������������������������������������������;�
Younes El Moudni, MD (Department of Trauma and Orthopedic Surgery, Ibn Rochd University 
������������������������������;��������������������������������������������������������
����������������������������������;������������������-Vives, MD (Departament of 
Orthopaedic Surgery, Hospital Nostra Seny����������������������������������������;�������
Munthali, MD (Orthopaedic Unit, Department of Surgery, University of Zambia, Lusaka, 
�������;���������������������������������������������������������������������������
University of Medicine and Health Scienc��������������������������������;���������������������
FRACS (Department of Orthopaedic Surgery, Southland Hospital, New Zealand, University of 
��������������������������;��������������������������������������������������
Investigaciones en Longevidad, Envej���������������������������������������;�������������
Ngissa, MD, MBChB (UG), FGCS (Ortho) (Department of Surgery, Trauma and Orthopaedic 
����������������������������������������������������;������������������������������������
of Orthopaedic Surgery and Traumatology, Kawasaki Medical University General Hospital, 
���������������;��������������������������������������������������������������������������
�����������������������������������������������;����������������������������������
Orthopedic Surgery, Federal ����������������������������������������������;�������������������
(Azerbaijan Medical University, Department of Orthopaedics and Traumatology, Baku, 
�����������;��������������������������������������������������������������������������
Hospital, Zapopan, J���������������;�����-Christoph Pape, MD (Department of Trauma, 
������������������������������������������;����������������������������������������������
(Support and Inspire Consulting Services, Muscat, Oman, Armed Forces Hospital, Salalah, 
�����;���������. de Ridder, MD, PhD (Department of Trauma, University Medical Center, 
�������������������������;������������������������������������������������������������
���������������������������������;����������������������������������������������������
������������� ��������������������������������������;������������������������
��������������������������������������������������������������������������;�����������������
MD (Department of Orthopaedics and Trauma, Samburu County Referral Hospital, Samburu, 
������;�������Segovia, MD (Department of Orthopedic Surgery, Grupo San Roque Hospitals, 
�������������������;������������������������������������������������������ University 
����������������������������������������;����������������������������������������������������
Ort���������������������������������������������������������������������������������; 
Alexandre Sitnik, MD, PhD (Adult Trauma Department, Belarus Republic Scientific and 
Practical Center for Traumatology and Orthopedics, Minsk, Belarus�;�Andrey Smirnov, MD 
(Orthopaedic Centre, East-�������������������������������������������;�������������, MD 
������������������������������������������������������;�����������������������������������



Establishing Consensus on Essential Resources for Orthopaedic Trauma Care Worldwide   |   89   

6

 

Orthopaedics and Trauma Surgery, General City Hospital “September 8th”, Skopje, Republic of 
����������������;����������������������������������������������������������������������
�����������������������������������������������������������������;�����������������������
�������������������������������������������������������������������������������������������
���������������������������������;������������������������������������������������
�������������������������������������������������������;��������������� �������������������
�����������������������������������������������������������������������������������;��������
���������������������������������������������������������������������������������-��-
�������������� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



7CHAPTER 7



J Bone Joint Surg Am. 2021;103(24):2318-23

Roberts HJ1, MacKechnie MC1, Shearer DW1, Segovia Altieri J2, De la Huerta 
F3, Rio MW4, Sánchez Valenciano C5, Miclau T1 and the ACTUAR Study 
Group†

1University of California, San Francisco, San Francisco, CA, USA
2Instituto de Prevision Social, Servicio de Ortopaedia y Traumatología, Asunción, Paraguay
3Unidad de Ortopedia y Traumatología, Guadalajara, Mexico
4 Ortopedia y Traumatología Clínica Zabala, Buenos Aires, Argentina
5Centro Medico de Caracas, Caracas, Venezuela

Orthopaedic Trauma Research 
Priorities in Latin America: 
Developing Consensus through a 
Modified Delphi Approach



92   |   Chapter 7

Abstract 
Background: Despite a significant burden of musculoskeletal injury, orthopedic trauma studies 
in Latin America are lacking. This study aimed to identify research priorities among orthopedic 
trauma surgeons in Latin America.  

Materials and Methods: Research questions were solicited from members of the Asociación de 
Cirujanos Traumatólogos de las Américas. Participants rated questions by importance from 1 to 
9.All questions were redistributed with aggregate rating, and participants rerated questions with
knowledge of group responses.

Results: Seventy-eight participants completed the first survey and were included in subsequent 
surveys. The mean age was 51.8 years, and most participants were male (92%), had completed 
an orthopedic trauma fellowship (60.3%), and participated in research (80.8%). Seventeen 
��������������������������;����������������������������������-income country, 67 from an upper 
middle-income country, and six from a lower middle-income country. Sixty-five questions were 
identified. Six questions were rated from 1 to 3 (“more important”) by >70% of participants: 
1.What is the optimal treatment protocol for elderly patients with hip fracture?
2.What is the most effective initial and definitive management of musculoskeletal injury,
including timing and surgical strategy, for the polytraumatized patient?

3.What is the ideal state of open fracture treatment, including timeliness and method of
antibiotics, debridement, surgical fixation, and closure or coverage, at each hospital level
in the health-care system?

4.What patient and fracture characteristics predict infection after musculoskeletal injury?
5.What is the current state of treatment for fracture-related infection, including timeliness
and method of antibiotics and surgical intervention, at each hospital level in the health-
care system?

6.What is the optimal protocol for temporary management for the hemodynamically
unstable patient with a pelvic or acetabular fracture?

Conclusion: This modified Delphi study of orthopedic trauma surgeons in Latin America 
identified geriatric hip fractures, polytrauma, open fractures, musculoskeletal infection, and 
pelvic and acetabular fractures as top research priorities. This information is important for 
resource allocation and goal setting for orthopedic trauma in the region. 

Level of Evidence: V 
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Introduction 
Building health research capacity is necessary to help guide future treatment on critical clinical 
questions.1 Over the last two decades, developing and advancing health research has become an 
increasingly recognized global health priority, particularly for musculoskeletal injury care. 
Traumatic injury is a leading cause of mortality and disability worldwide, with an estimated 1.2 
million deaths and 50 million non-fatal injuries every year, many of which are due to 
musculoskeletal trauma.2–5 Low-and middle-income countries (LMICs), including those in Latin 
America, are disproportionately affected by this burden, with the highest number of deaths per 
capita compared to higher-income countries.5 
 
Despite this burden, studies of orthopedic trauma in Latin America are lacking. Research from 
Latin America lags behind the rest of the world after adjusting for gross domestic product (GDP) 
and population,6 and, between 1988 and 2013, only 1% of orthopedic articles came from a Latin 
American country.7 Even among LMICs, Latin America is underrepresented, with only 3.1% of 
orthopedic trauma studies originating from Latin America.8 While burden of road traffic injuries 
is higher than in North America, fewer randomized controlled trials in orthopedic trauma – and 
particularly collaborative multi-center trials – have originated from Latin America compared 
with North America.9 Factors such as GDP, lack of health research funding, and lack of 
investigational infrastructure limit the expansion of knowledge in this area.6,10,11 In recognition 
of this limitation, leading international health agencies such as the World Health Organization 
and the Pan American Health Organization have urged the development of research agendas. 
While the development of investigative collaborative networks and clinical research courses in 
Latin America have increased health research to some extent, knowledge gaps remain.10,12–14 
 
This lack of population-specific research limits countries’ abilities to improve care for patients 
with musculoskeletal injuries, advocate for necessary clinical resources, and inform research and 
policy priorities. An important first step in improving musculoskeletal research is to determine 
research priorities in order to set an agenda for future studies. The aim of this study was to use a 
modified Delphi methodology to identify research priorities of orthopedic trauma surgeons in 
Latin America. 
 
Materials and Methods 
The Delphi process is a method of determining consensus among a group of experts.15,16 Named 
after the oracle at Delphi, this method was originally developed by the RAND Corporation for 
technological predictions but has since been widely used in health research. The process involves 
an iterative series of surveys with the intent of turning opinion into consensus, whereby 
respondents have the opportunity to modify their responses based on the collective group 
opinion. The Delphi process and its modifications have been used in multiple studies in the field 
of orthopaedics.17–20  
 
A modified Delphi process was conducted between May and October 2020 to identify research 
priorities among orthopedic trauma surgeons in Latin America. The Asociación de Cirujanos 
Traumatólogos de las Américas (ACTUAR) network was utilized for this study. ACTUAR was 
developed in 2017 by 60 orthopedic surgeon leaders representing 20 countries throughout Latin 
America, and a primary goal of the association is to support collaborative research work. All 
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ACTUAR members who were practicing orthopedic surgeons and treated orthopedic trauma 
conditions were invited to participate.  
 
For each stage of the survey, English and Spanish translation followed by back-translation was 
performed by bilingual members of the study team. Discrepancies were resolved by consensus. 
While the survey was not translated into Portuguese, all participants were fluent in English, 
Spanish, or both. 
 
Scoping survey: A scoping survey with the purpose of identifying important research questions 
in orthopedic trauma was distributed to ACTUAR members. Demographic information was 
collected, including country of practice, years of practice, practice environment, subspecialty 
training, amount of practice dedicated to orthopedic trauma, and research participation. 
Participants were asked to submit important clinical questions in orthopaedic trauma in their 
clinical setting that should be addressed through research. There was no limit on the number of 
questions that a participant could submit, and multiple questions were encouraged. The scoping 
survey was open for 14 weeks in total. After the scoping survey was closed, the proposed 
research questions were compiled and grouped according to topic areas. Free-text questions were 
reviewed by an expert panel of orthopedic trauma surgeons, and duplicate or overlapping 
questions were merged into a single question.  
 
Delphi Round 1: An electronic survey consisting of the compiled research questions was 
distributed to members of ACTUAR who participated in the scoping survey. Members were 
asked to review each of the questions and rate them on a 9-point Likert scale based on the 
importance of each question. Scores of 1 to 3 were considered “more important”, scores of 4 to 6 
were considered “moderately important”, and scores of 7 to 9 were considered “less important”. 
The survey was available for completion for three weeks in total. Reminders were sent by e-mail 
one week before the survey closed. Respondents were invited to submit additional questions and 
to suggest refinements to the existing questions. 
 
Delphi Round 1.5: Additional or modified questions that were generated from the prior round 
were sent to members who participated in the scoping survey for rating on the 9-point Likert 
scale.  
 
Delphi Round 2: The compiled list of questions that had been rated was distributed again to all 
members who participated in the scoping survey, in order of rating from highest to lowest 
importance. Included in the Delphi Round 2 survey was a graphic display in the form of a 
histogram indicating the participants’ responses in the prior surveys as well as the average rating. 
Participants were then invited to score questions again with knowledge of the group responses. 
 
Analysis and Ranking: The research questions scored in Delphi Round 2 were ranked on the 
basis of the overall mean score per question. Questions that were rated between 1 and 3 by >70% 
of respondents were identified. Analyses were performed with use of Stata 13 software 
(StataCorp). 
 
Source of Funding 
This study was supported by funding from the Wyss Medical Foundation. 
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Results 
The scoping survey was sent to 165 ACTUAR members, of whom 78 completed the survey. Of 
these 78 participants, 58 completed the Delphi Round 1 survey, 58 completed the Delphi Round 
1.5 survey, and 60 completed the Delphi Round 2 survey (Figure 1). Fifty-three participants 
completed all surveys. 
 
Demographic data of the 78 participants is listed in Table 1. Most participants were male (92%) 
and had been in practice for >15 years (66.7%), and mean age was 51.8 years. Almost all 
participants practiced in an urban setting (98.7%). More than half of the respondents had 
completed an orthopedic trauma fellowship (60.3%), three-quarters reported that orthopedic 
trauma made up >50% of their practice, and the majority participated in research (80.8%). With 
use of the World Bank 2020 to 2021 definition of country income levels, five respondents were 
from a high-income country, 67 were from an upper middle-income country, and six were from a 
lower middle-income country (Table 2). 
 
A total of 36 unique research questions were identified from the scoping survey. An additional 
29 questions were identified as either new or modified questions after the Delphi Round 1 
survey. All research questions in order of final mean rating as obtained on the Delphi Round 2 
survey are listed in the Appendix. 
 

Of the 65 unique research questions, 41 had a mean rating of ≤3 (“more important”). Six 
questions received a score of 1 to 3 by >70% of participants, a threshold previously used to 
define consensus:21–23 1) What is the optimal treatment protocol (timing of surgery, co-
management) for elderly patients with hip fracture? 2) What is the most effective initial and 
definitive management of musculoskeletal injury, including timing and surgical strategy, in the 
polytraumatized patient? 3) What is the ideal state of open fracture treatment, including 
timeliness and method of antibiotics, debridement, surgical fixation, and closure or coverage, at 
each hospital level in the health-care system (primary, secondary, tertiary)? 4) What patient and 
fracture characteristics predict infection after musculoskeletal injury? 5) What is the current state 
of treatment for fracture-related infection, including timeliness and method of antibiotics and 
surgical intervention, at each hospital level in the health-care system (primary, secondary, 
tertiary)? 6) What is the optimal protocol for temporary management for the hemodynamically 
unstable patient with a pelvic or acetabular fracture? (70.5%) 

Discussion 
This modified Delphi study, involving 78 participants from 17 countries in Latin America, 
clarifies research priorities among orthopedic trauma surgeons in this setting. The top six 
research questions, as listed above, focus on geriatric hip fracture, polytrauma, open fracture 
care, musculoskeletal infection, and care of patients with pelvic and acetabular fractures. 
 
A previous study by Chomsky-Higgins et al. convened a focus group of 13 Latin American 
orthopedic surgeons who identified similar themes as important research questions for their 
setting, including fragility fractures, complication rates, and polytrauma protocols.24 The similar 
findings in our study including a larger cohort of orthopaedic surgeons adds evidence that these 
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repeated themes are indeed priorities among this group. The Chomsky-Higgins study 
additionally suggested solutions to barriers to research, including multi-center studies, 
collaborations with institutions with established access to funding and journals, and modifying 
research questions to avoid challenges with patient follow-up. The ACTUAR network is well 
positioned to address these barriers because of its collaborative nature spanning across a variety 
of resource levels and the network’s prior research experience. 

Geriatric hip fractures pose a rising burden internationally. Annual cases are projected to exceed 
six million by 2050, with particular rise in LMICs in which life expectancy is most expected to 
increase.25 For example, the population of Argentina is expected to increase by 28% between 
2015 and 2050, and incidence of hip fractures are increasing by 1.4% per year.26 In Mexico, hip 
fracture rates are suggested to be increasing at a rate of 1% per year.27 With the rising burden of 
geriatric hip fractures in Latin America, and associated morbidity and mortality, it is not 
surprising that hip fracture management is important to orthopaedic trauma surgeons in the 
region.28  

Both polytrauma and pelvic and acetabular fractures can be associated with high-energy injuries. 
A study from Southern Africa in which the Delphi methodology was used to identify learning 
priorities in the field of orthopaedic surgery for medical students, identified the multiply injured 
patient as a high priority.29 The epidemiology of pelvic and acetabular fractures in Latin America 
is limited. A study from Mexico suggests that acetabular trauma is similar to that reported in 
other countries.30 In LMICs, data regarding treatment and outcomes is particularly lacking. A 
study of orthopaedic surgeons in LMICs indicated hat only 21.3% of hospitals had access to 
pelvic angiography and 16% had access to prefabricated pelvic binders.31 Additionally, >50% of 
surgeons caring for patients with these injuries had no formal training in pelvic and acetabular 
trauma. While a treatment algorithm of hemodynamic instability has been proposed,32 these data 
support further study to determine optimal treatment in a variety of resource settings. 

Open fractures, which represent a rising burden in Latin America due to road traffic injuries,33 
are associated with a substantial risk of musculoskeletal infection.34 However, the burden of 
musculoskeletal infection in Latin America has not been well described. While the timeliness of 
antibiotic therapy is known to modify the risk of infection after open fracture,34–36 INORMUS 
(International Orthopaedic Multicenter Study in Fracture Care), an international study of 
orthopedic trauma burden, identified Latin America as the region with the greatest proportion of 
patients with delays to care, with 88.7% of patients with open fractures experiencing delays.37 
Therefore, studies to describe current practices and define optimal treatment in Latin America 
have the potential to improve outcomes for patients with open fracture.  

While the orthopedic trauma surgeons who participated in the present study were drawn from a 
network of those interested in research, these participants may not be representative of 
orthopedic trauma surgeons throughout Latin America as a whole. In particular, almost all of the 
respondents practice in an urban setting and therefore may not reflect the priorities of surgeons 
who practice in a rural setting. For example, these respondents may be biased toward research 
questions relevant to in-hospital care rather than pre-hospital care. In parts of Latin America, 
orthopaedic trauma surgeons may not be the primary providers of care for orthopaedic trauma 
����������;��������������������������������������������������������������������������������
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drawing participants from a research network has the advantage of selecting individuals who 
may have knowledge of gaps in the literature with respect to orthopedic trauma care in Latin 
America. Only 78 of 165 ACTUAR members participated in this survey, and the composition of 
the Delphi group may affect study outcomes, particularly because research priorities may vary 
across countries. The response rate in the present study is comparable with those in other Delphi 
studies conducted with similar methodology.17,20 An additional limitation is that the vast majority 
of respondents were from upper middle-income countries, with only 14% from countries in other 
income levels. While this may be seen to limit the generalizability to upper middle-income 
countries, we believe that the results are meaningful as 17 countries in Latin America were 
represented. However, the concentration of respondents from one income level precluded the 
ability to identify an effect of income level on participant ratings.  
 
Finally, successful implementation of studies to address the questions identified here requires 
careful and thoughtful design that incorporates the expertise of various stakeholders. Multi-
center studies should consider the varied landscape of orthopaedic trauma throughout Latin 
American to identify nuances in conclusions. Health economists may assist in designing studies 
that address the economic aspects of injury and treatment as well as in designing programs that 
are ultimately feasible within local resource constraints. Consideration of pre-hospital care and 
access issues may improve the impact on orthopaedic trauma care.  
 
In conclusion, this modified Delphi study of 78 orthopedic trauma surgeons in 17 countries in 
Latin America identified geriatric hip fracture, polytrauma, open fracture care, musculoskeletal 
infection, and care of patients with pelvic and acetabular fractures as top research priorities. This 
provides important information for resource allocation and goal-setting for orthopedic trauma in 
the region. 
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Figure 1. Flow diagram of survey respondents 
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Table 1. Demographic data of survey respondents 

Characteristics 
Age* (yr) 51.8 ± 9.7 
Male (sex)† 72 (92.3) 
Years in practice† 
0-5 3 (3.9) 
6-10 11 (14.1) 
11-15 12 (15.4) 
16-20 14 (18.0) 
>20 38 (48.7) 

Completed orthopedic trauma fellowship† 47 (60.3) 
Orthopedic trauma is >50% of practice† 59 (75.6) 
Urban practice setting† 77 (98.7) 
Practice setting† 
Academic practice 51 (35.4) 
Private practice 56 (38.9) 
Public hospital practice 35 (24.3) 

Participate in research† 63 (80.8) 

*The values are given as the mean and the standard deviation
†The values are given as the number of respondents, with the percentage in parenthesis
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Table 2. Country of practice for invited and participant surgeons  
 
Characteristic Number of surgeons 

invited to 
participate N=160* 
(%) 

Number of surgey 
participants N=78 
(%) 

Country of practice   
       Argentina 7 (4.4) 7 (9) 
       Bolivia 5 (3.1) - 
       Brazil 15 (9.4) 6 (7.7) 
       Chile 1 (0.6) - 
       Colombia 46 (28.8) 19 (24.4) 
       Costa Rica 2 (1.3) -   
       Cuba 3 (1.9) 2 (2.6) 
       Dominican Republic 1 (0.6) 1 (1.3) 
       Ecuador 1 (0.6) 1 (1.3) 
       El Salvador 4 (2.5) 2 (2.6) 
       Guatemala 5 (3.1) 1 (1.3) 
       Honduras 5 (3.1) 3 (3.8) 
       Mexico 38 (23.8) 24 (30.8) 
       Nicaragua 8 (5) 1 (1.3) 
       Panama 2 (1.3) 2 (2.6) 
       Paraguay 2 (1.3) 2 (2.6) 
       Peru 2 (1.3) 2 (2.6) 
       Puerto Rico 2 (1.3) 1 (1.3) 
       Uruguay 6 (3.8) 2 (2.6) 
       Venezuela 5 (3.1) 2 (2.6) 
*Data not reported for one respondent 
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Abstract 
Background: Open tibial shaft fractures are an important source of disability in Latin America. 
High-income countries (HICs) worldwide have established standardized treatment protocols for 
open tibial fractures, but less is known about their treatment in middle-income countries (MICs) 
in Latin America. This survey of Latin American orthopaedic surgeons characterizes open tibial 
fracture treatment patterns.  

Materials and Methods: Orthopaedic surgeons from 20 national orthopaedic societies 
throughout Latin America completed an online survey assessing their treatment of open tibial 
fractures. Demographic information was collected. Treatment patterns were queried according to 
2 groupings of Gustilo-Anderson (GA) fracture types: treatment of type-I and type-II fractures 
(GA-I/II) and treatment of type-III fractures (GA-III). Treatment patterns were evaluated across 
4 domains: antibiotic prophylaxis, irrigation and debridement, fracture stabilization, and wound 
management. Summary statistics were reported; analysis was performed using the Fisher exact 
test (p<0.05). 

Results: There were 616 survey participants from 20 Latin American countries (4 HICs and 16 
MICs). Initial external fixation followed by staged internal fixation was preferred for GA-I/II 
(51.0%) and GA-III fractures (86.0%). Nearly one-third (31.5%) of GA-IIIB fractures did not 
receive a soft-tissue coverage procedure. Stratifying by country socioeconomic status, surgeons 
in MICs more commonly utilized delayed internal fixation for GA-I/II (53.3% versus 22.0%, 
p<0.001) and GA-III fractures (94.0% versus 80.4%, p=0.002). Surgeons in MICs more 
commonly used primary closure GA-I/II (88.9% versus 62.8%, p<0.001) and GA-III fractures 
(32.6% versus 9.8%, p<0.001). 

Conclusion: This survey reports Latin American orthopaedic surgeons’ treatment patterns for 
open tibial shaft fractures. Surgeons in MICs reported higher delayed internal fixation use for all 
fracture types, while surgeons in HICs more routinely avoid primary closure. Soft-tissue 
coverage procedures are not performed in nearly one-third of GA-IIIB fractures because of a lack 
of operative personnel and training. 

Level of Evidence: None 
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Introduction 
Musculoskeletal injuries contribute substantially to the global disease burden, and open tibial 
fractures are a leading cause of morbidity.1 Moreover, more than 90% of injury-related deaths 
occur in low-and middle-income countries (LMICs).1,2 Latin America has a rising open tibial 
fracture burden due to road traffic accidents, with as many as 50,000 open fractures per year in 
some countries and complication rates as high as 20%.3,4 Yet, little remains known regarding the 
true burden or treatment of these injuries in Latin America.5-7 
 
Open tibial fractures are traumatic injuries that require emergency orthopaedic treatment. The 
standard of care for open tibial shaft fractures includes early prophylactic antibiotics, surgical 
wound debridement, and fracture stabilization, all of which play a critical role in reducing long-
term morbidity.6-11 However, nationally recognized best practices and treatment patterns for open 
tibial shaft fractures across Latin America are less documented. A recent study found that 26% to 
50% of middle-income countries (MICs) worldwide had formalized guidelines for open fracture 
treatment,12 but few Latin American countries had available guidelines.13-16 While factors such as 
access to resources and the type of health-care system can determine treatment patterns, it is 
challenging to address orthopaedic care gaps without understanding current treatment patterns 
and how such preferences differ among the countries surveyed. Therefore, this study aims to 
provide insight into the treatment of open tibial shaft fractures in Latin America. 
 
Materials and Methods 
Survey Design and Distribution 
We performed a cross-sectional survey of orthopaedic surgeons practicing in Latin America. We 
utilized a convenience sampling method of members of an academic orthopaedic research 
consortium17 and members of Latin American orthopaedic societies. Institutional review board 
approval was obtained from the primary study institution.  
 
The survey assessed surgeons’ treatment preferences for open tibial fractures. Survey questions 
were developed based on the existing literature, with input from 3 United States fellowship-
trained orthopaedic trauma surgeons and 3 Latin American orthopaedic surgeons. The English 
survey was translated into Spanish by 2 bilingual Latin American orthopaedic trauma surgeons. 
Subsequently, the Spanish survey was reviewed after translation back into English and 
distributed to the authorship group for final review. The survey included demographic 
information about the treating surgeon and his or her practice, including sex, country, practice 
environment, and number of open tibial fractures that are treated per year. Open tibial fracture 
treatment was queried according to 2 groupings determined by the Gustilo-Anderson (GA) 
classification:18 the first group included treatment of type-I and type -II fractures (GA-I/II), and 
the second group included treatment of type-III fractures (GA-III). The survey queried responses 
relating to 4 open fracture treatment domains: antibiotic prophylaxis, irrigation and debridement, 
fracture stabilization, and wound management (see Appendix).  

To reach respondents, at least 1 board member of each Latin American orthopaedic society was 
contacted to request assistance with survey distribution to the members of his or her respective 
organization. In order to increase survey response, it was requested that board and society 
members distribute the survey to local orthopaedic surgeons who treat open fractures. In order to 
avoid duplicate responses and to make them identifiable, respondents provided their name and 
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hospital. Additionally, each orthopaedic society reported if society or national guidelines exist 
for open fracture treatment. Follow-up emails were sent at 2-month intervals, and the survey was 
closed after 10 months. Responses were collected utilizing Research Electronic Data Capture 
(REDCap).19  

Statistical Methods 
Summary statistics were calculated, and responses were categorized according to the World 
Bank data regarding country income status as either high-income countries (HICs) or MICs, 
where MICs include both upper-middle-income and lower-middle-income countries.20 At the 
time of writing, no Latin American country represented in this survey was classified as a low-
income country. Comparisons between groups were performed using two-tailed Fisher’s exact 
tests with α = 0.05 significance level. All analyses were performed using STATA SE version 15 
(StataCorp).  

Results 
There were 616 survey participants from 20 countries (4 HICs and 16 MICs; Figure 1), with the 
majority from MICs (91.5%). The majority of respondents were men (91.7%), practiced in an 
urban setting (96.1%), and had not completed musculoskeletal trauma fellowships (62.4%) 
(Table 1). Just over one-quarter (26.5%) stated that their institution has a formalized open tibial 
fracture treatment protocol. Of the 20 orthopaedic societies, 6 (30%) stated that either societal or 
national open tibial fracture treatment guidelines exist, while 14 (70%) either stated that no 
guidelines exist or did not respond (Table 2). More than half of respondents treated > 10 open 
tibial fractures per year. One-third reported that the majority of patients with open tibial fractures 
at their hospital present at > 24 hours after injury.  

Regarding antibiotic prophylaxis, 92.6% reported administering intravenous antibiotics alone for 
patients with GA-I/II fractures, while 21.7% administered local antibiotics with intravenous 
antibiotics for GA-III fractures (Table 3). The majority of respondents felt that the optimal time 
for antibiotic delivery is within 3 hours of hospital arrival for both GA-I/II (89.0%) and GA-III 
(93.4%) fractures. However, respondents frequently encountered delays in antibiotic 
administration, with about one-third stating antibiotics are typically delivered at > 3 hours after 
patient arrival for both GA-I/II (34.6%) and GA-III (31.5%) fractures. For GA-I/II fractures, 
most respondents administer first-generation cephalosporins alone (64.5%), with some 
respondents adding third-generation cephalosporins (14.8%) or aminoglycosides (14.7%). The 
antibiotic administered to patients with GA-III fractures was variable, with first-generation 
cephalosporins (30.7%) and aminoglycosides (30.7%) most commonly reported. 

Regarding irrigation and debridement, the majority of respondents felt that optimal definitive 
operative debridement should occur within 6 hours of presentation for GA-I/II (79.1%) and GA-
III (90.5%) fractures (Table 3). However, the reported time to operative debridement in practice 
differed considerably from the optimal time, with approximately half of GA-I/II (53.9%) and 
GA-III (46.7%) fractures reportedly treated between 6 and 24 hours after presentation to the 
hospital. Respondents most commonly cited a lack of available operative personnel or space and 
delayed patient arrival as the reasons for delayed definitive debridement.  
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Initial external fixation followed by staged internal fixation was most commonly reported for 
both GA-I/II (51%) and GA-III (86%) fractures (Table 4). Definitive external fixation was 
infrequently reported, and more often for GA-III fractures (7.4%) than GA-I/II fractures (1.0%). 
When performing internal fixation, intramedullary nailing was the preferred strategy for GA-I/II 
fractures (87.5%) and for GA-III fractures (84.4%). The most commonly cited reason for delayed 
internal fixation for all fracture types was infection risk.  
 
Regarding wound management, most reported primary closure for GA-I/II fractures (87.5%), and 
delayed closure for GA-III fractures (69.8%) (Table 5). However, nearly one-third did not use 
soft-tissue coverage procedures to treat GA-IIIB open tibia fractures. The most commonly cited 
reasons for not using soft-tissue coverage procedures to treat GA-IIIB fractures. The most 
commonly cited reasons for not using these procedures included lack of plastic surgeons, 
surgeon preference, and surgeon training level. When primary closure was not possible, the 
majority reported using negative-pressure wound therapy (57.8%) or saline-solution-soaked 
dressings (39.4%). 
 
When comparing respondents from MICs with those from HICs, surgeons from MICs more 
frequently reported time to antibiotic administration as > 3 hours after patient presentation than 
surgeons from HICs for GA-I/II (36.6% versus 19.6%, p =0.014) and GA-III (33.3% versus 
19.6%, p =0.059) fractures (Table IV). Furthermore, surgeons from MICs reported utilizing 
delayed internal fixation more commonly for GA-I/II (53.3% versus 22.0%, p <0.001) and GA-
III (94.0% versus 80.4%, p = 0.002) fractures. Surgeons from MICs also more commonly 
reported attempting primary closure for both GA-I/II (88.9% vs. 62.8%, p <0.001) and GA-III 
(32.6% vs. 9.8%, p <0.001) fractures. Finally, when comparing by surgeons’ years in practice, 
there was decreased primary closure use for GA-III with increasing practice years (0 to 5 years, 
38.2%; 6 to 10 years, 35.0%; 11 to 15 years, 32.2%; 16 to 20 years, 27.6%; and >20 years, 
�����;������������  
 
Discussion 
To our knowledge, this cross-sectional study is the first to examine the preferred open tibial 
fracture treatment methodology in a cohort of Latin American orthopaedic surgeons. We have 
identified differences in treatment patterns among Latin American HICs and MICs, particularly 
pertaining to antibiotic prophylaxis, fracture stabilization, and wound coverage. Furthermore, we 
have identified potentially modifiable factors that may be addressed to improve open fracture 
treatment. 
 
This study’s strength is in the novelty of the data that are included and the diversity of the 
countries that are represented, particularly given its focus on a world region where collaborative 
and multicenter studies are limited.17,21 The results are consistent with previous studies. In an 
international survey that included orthopaedic surgeons from each continent, Bhandari et al. 
queried �������������������������������;�������444 respondents, they found that internal fixation 
is commonly used across open fracture types (type I, 95.5%, type II: 88.1%, and type IIIA: 
67.6%).22 They did not, however, distinguish between index internal fixation and external 
fixation followed by delayed internal fixation, or evaluate the reasons for the potential treatment 
differences. Furthermore, the majority of the respondents were from North America (51.7%), 
with only 65 responses (14.6%) from South America. A Canadian survey with 268 respondents 
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found that 83% of respondents preferred to use intramedullary nailing for all open tibial 
fractures, but they did not distinguish implant choice by open fracture type or the choice between 
primary and delayed internal fixation.23 Studies specific to Latin America are composed of small 
analyses from single institutions. A study from Guanajuato, Mexico, prospectively recorded the 
frequency and fracture type encountered over 1 year at their institution, in which they reported 
66 open tibial fractures.24 A similar study from Mexico City reviewed case logs over 4 years and 
identified 82 tibial fractures but did not specify whether they were open or closed.26 Furthermore, 
neither study noted treatment protocols or fracture stabilization strategies. Thus, our study 
provides novel insights into the current standards of care in Latin America. These results 
highlight a need for the development of treatment guidelines at an orthopaedic society or national 
level. These guidelines should be specific for patients who present acutely and for those who 
present in a delayed manner. The guidelines developed by organizations such as the American 
Academy of Orthopaedic Surgeons or the Orthopaedic Trauma Association may not be 
generalizable to Latin American countries because of the high delayed patient presentation rate. 
Globally, there are few countries that have developed formal treatment guidelines for these 
injuries.12

These data may provide an opportunity for standardization and modernization of treatment 
protocols in Latin America. Based on data primarily from resource-rich settings, primary 
intramedullary nailing is the preferred management for low-energy and some high-energy open 
tibial shaft fractures.26-28 Some meta-analyses have corroborated this treatment preference.30,31 
However, our study demonstrated a high delayed internal fixation rate, particularly among MICs. 
This could be due to a number of factors, including surgeon education, resource limitations, 
patient factors, or concern that the local environment differs from resource-rich environments. 

For example, one-third of respondents in this study indicated that the majority of patients at their 
institution presented to the hospital at > 24 hours after injury, which increases infection risk. 
Respondents reported that their primary reason for using delayed internal fixation was infection 
risk. These findings are consistent with the previous open tibial fracture literature from Latin 
America. One Brazilian study found that 44% of patients with open tibial fractures were treated 
>24 hours after injury, which they attributed to late presentation, lack of hospital beds, extended
transport time, and operating room unavailability.32 A study in Mexico found that 80% of their
cohort was treated with delayed internal fixation, commonly because of fracture severity or lack
of implant availability at the initial debridement.33 Additional studies are needed to explore the
rationale for performing delayed internal fixation for open tibial fracture and to find solutions to
reduce delayed presentation. This has been a notable lack of pre-hospital care and resource
availability in non-trauma-designated hospitals in Latin LMICs, and recent evidence suggests
that the adoption of well-coordinated trauma systems is critical for improving musculoskeletal
trauma care, including open fractures.13 Indeed, the most recent edition of Essential Surgery:
Disease Control Priorities from the World Bank Group has incorporated open fracture care into
its essential trauma care guidelines for primary level hospitals34. Furthermore, training rural
surgeons in basic open fracture care, as is being done by Mexican and Argentinian national
orthopaedic societies, and developing guidelines for acute and delayed open fracture presentation
may also address the issue of delayed care.
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Finally, our study found higher delayed closure rates among Latin American respondents from 
HICs and similar primary closure rates among Latin American respondents from MICs as 
compared with recent North American studies. A study of 119 open fractures at a single 
institution in the United States found that primary closure was frequently used for type-I (88%), 
type-II (86%), and type-IIIA (75%) fractures.34 In 2 separate Canadian studies, the overall 
primary closure rate for type-I to type-IIIA open tibial fractures was 70% and 77%, respectively, 
and the majority of type-I (92% and 93%, respectively) and type-II (79% and 95%, respectively) 
fractures in each study were closed primarily.35,36 Finally, in a 2007 survey of current open 
fracture teaching among United States orthopaedic residencies, respondents frequently utilized 
primary closure for type-I (88%) and type-II (86%) fractures.37 However, the higher delayed 
closure rate among Latin American respondents from HICs may be due to increased delays in 
patient presentation to the hospital as compared with the United States and Canada. Thus, direct 
comparisons of our data to HIC data from other countries may be difficult. Further work is 
necessary to explore this issue. Additionally, the higher primary closure rate among surgeons in 
Latin American MICs compared with HICs may be because of concern about their ability to 
return to the operating room due to the lack of personnel, operating room capacity, or patient 
ability to pay. Thus, rather than performing multiple take-back operations, they may opt to 
primarily close wounds at the initial debridement and fracture stabilization. 
 
Our study demonstrated that soft-tissue flap procedures are not performed in nearly one-third of 
GA-IIIB tibial fractures, a finding that was evident among surgeons in MICs. This likely 
represents limited access to plastic surgeons, as 40% of respondents attributed lack of flap 
coverage to lack of access to plastic surgeons and 23% cited their own training level or comfort 
with flap procedures. These findings support the investment into increasing plastic surgery 
capacity or training orthopedic surgeons to perform flap procedures to address this treatment 
gap.38  
 
While this study provides novel insight into open tibial fracture treatment by Latin American 
orthopaedic surgeons, it has several limitations. We were unable to obtain a response rate for this 
survey given how it was distributed to orthopaedic societies, the ACTUAR Open Tibia Study 
Group network17, and Latin American orthopaedic surgeons. We sought to maximize responses 
by encouraging respondents to distribute the survey to their colleagues and encouraging 
orthopaedic societies to distribute the survey to their membership roster. Members of the boards 
of directors or their delegates were responsible for survey distribution. Some individuals 
distributed the survey to their membership roster, while others distributed the survey within their 
organization to a targeted audience of orthopaedic trauma surgeons known to treat open tibial 
fractures. We attempted to determine survey penetrance and provide contextual evidence for the 
number of orthopaedic surgeons in each country by retrieving data regarding the number of 
practicing orthopaedic surgeons in each society and an estimate of the number of surgeons who 
received the survey. However, we were ultimately unable to determine if a survey was received 
by society members. Furthermore, given the chain-referral sampling methodology and the 
possibility that individuals providing surveys may have been contacted outside of a national 
society, we were unable to accurately calculate response rate. Nonetheless, the number of 
respondents to this survey is small relative to the number of practicing orthopaedic surgeons in 
Latin America. Therefore, the results may not be generalizable. We also recognize that the 
majority of respondents were urban surgeons. It is possible that urban surgeons were more likely 
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to receive or complete the survey, or a disproportionate concentration of orthopaedic surgeons in 
urban Latin America may be reflected. While the treatment protocols assessed in this survey are 
based on the available literature and the input of subject matter experts, the survey that we used 
is not validated, and psychometric properties such as the Cronbach alpha and eigenvalues are 
unknown as they were not assessed during survey piloting.  

To our knowledge, this study is first to date describing open tibial fracture treatment patterns by 
orthopaedic surgeons across Latin America. We determined that there are significant differences 
pertaining to fracture stabilization and wound management among Latin American HICs and 
MICs. Future research is needed to clarify the reasons for these discrepancies and to establish 
setting-specific guidelines.  
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Figure 1. Map of survey respondents demonstrating high-income and middle-income Latin 
American countries. (MICs include lower-middle-income and upper-middle-income ���������;�
13 respondents did not identify their country). 
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Table 1. Demographic data 

Characteristic Total (N = 616)* 
Sex (Male) 565 (91.7) 
World Bank Profile  
    High-income country 51 (8.5) 
    Middle-income country † 552 (91.5) 
Practice environment  
     Academic 35 (5.7) 
     Private practice 106 (17.4) 
     Public 89 (14.6) 
     Multiple 380 (62.3) 
Practice location  
     Urban (city) 588 (96.1) 
     Suburban 19 (3.1) 
     Rural 5 (0.8) 
Years in practice  
     0 to 5  112 (19.6) 
     6 to 10  121 (21.2) 
     11 to 15  87 (14.1) 
     16 to 20 77 (13.5) 
     >20 174 (30.5) 
Fellowship in musculoskeletal trauma  
     Yes 230 (37.6) 
     No 382 (62.4) 
Number of open tibia fractures treated each year  
     0 to 10 217 (36.2) 
     11 to 20 176 (29.4) 
     21 to 30 93 (15.5) 
     31 to 40 30 (5.0) 
     41 to 50 32 (5.3) 
     >50 51 (8.5) 
Percentage of fractures presenting within 24 hours of injury  
     <10% 71 (11.6) 
     10% to 25% 61 (10.0) 
     25% to 50% 71 (11.6) 
     50% to 75% 95 (15.5) 
     75% to 90% 133 (21.7) 
     >90% 181 (29.6) 
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Institution has a formal open fracture treatment protocol  
     Yes 163 (26.5) 
     No 451 (73.5) 
*Various data were not reported by all respondents. All data are frequency of response: 
number (%). †Includes countries defined as upper-middle and lower-middle income 
countries. 
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Table 2. Latin American national orthopaedic societies* 

 
 
 
 
  

National Society 
  

Country 
  

Reported 
Membership 
Count  

Estimated 
Survey 
Distribution 

Surveys 
Completed 

Asociación Argentina del Trauma Ortopédico (AATO)  Argentina  500  500 46 
Sociedad Boliviana de Ortopedia y Traumatología 
(SBOLOT) Bolivia  NR  

 
NR 

 
3 

Sociedade Brasileira de Trauma Ortopédico (SBTO)/ 
Sociedade Brasileira Ortopedia Traumatología (SBOT) 

Brazil 
  

470/15,000 
  

470/1,500 45 

Sociedad Chilena de Ortopedia y Traumatología 
(SCHOT) Chile  74  

 
74 

 
7 

Sociedad Colombiana de Cirugía Ortopédica y 
Traumatología (SCCOT)  Colombia  1,411  

1,411 62 

Asociación Costarricense de Ortopedia y Traumatología 
(ACOT) Costa Rica  8539  

 
NR 

 
7 

Sociedad Cubana de Ortopedia y Traumatología (SCOT)  Cuba  2,284  
1,142 10 

Sociedad Dominicana de Ortopédia y Traumatología 
(SDOT)  

Dominican 
Republic  703  

 
21 

 
14 

Sociedad Ecuatoriana de Ortopédia y Traumatología 
(SEOT) Ecuador  500  

 
500 

 
23 

Asociación Salvadoreña de Ortopédia y Traumatología 
(ASOT)   El Salvador  55  

 
55 

 
12 

Asociación Guatemalteca de Ortopédia y Traumatología 
(AGOT)  Guatemala  1,200  

 
1,200 

 
4 

Asociación de Cirugía Ortopédica y Traumatología de 
Honduras (ACOTH)  Honduras  135  

 
135 

 
1 

Federación Mexicana de Colegios de Ortopedia y 
Traumatología (FEMECOT)  Mexico  3,100  

 
3,100 

 
205 

Asociación Nicaraguense de Ortopedia y Traumatología 
(ANOT)  Nicaragua  230  

 
230 

 
39 

Sociedad Panameña de Ortopedia y Traumatología 
(SPOT)  Panama  180  

 
180 

 
10 

Sociedad Paraguaya de Ortopedia y Traumatología 
(SPOT) Paraguay  250  

 
60 

 
53 

Sociedad Peruana de Ortopedia y Traumatología (SPOT) Peru  
 
500  

 
400 

 
9 

Sociedad Puertorriqueña de Ortopedia y Traumatología 
(SPOT) Puerto Rico  14440  

 
NR 

 
1 

Sociedad de Ortopedia y Traumatología del Uruguay 
(SOTU) Uruguay  358  

 
358 

 
33 

Sociedad Venezolana de Cirugía Ortopédica y 
Traumatología (SVCOT)  Venezuela  2,003  

 
1,200 

 
19 

*NR = not reported. Various data were not reported by all respondents. 
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Table 3. Treatment decisions by domains of open fracture management: antibiotic prophylaxis 
and irrigation and debridement 

 
Gustilo-Anderson 

Type I or II 
Gustilo-Anderson 

Type III 
Antibiotic prophylaxis   
Route of antibiotic administration   
    Intravenous only 560 (92.6) 468 (76.6) 
    Local antibiotics only 1 (0.2) 8 (1.3) 
    Intravenous with local antibiotics 44 (7.3) 132 (21.7) 
Optimum time to antibiotic delivery   
    <3 hours 544 (89.0) 570 (93.4) 
    3 to 6 hours 60 (9.8) 30 (4.9) 
    6 to 24 hours 6 (1.0) 8 (1.3) 
    >24 hours 1 (0.2) 2 (0.3) 
Actual average time to antibiotic delivery   
    <3 hours 399 (65.4) 417 (68.5) 
    3 to 6 hours 152 (24.9) 139 (22.8) 
    6 to 24 hours 57 (9.3) 50 (8.2) 
    >24 hours 2 (0.3) 3 (0.5) 
Antibiotic regimen †   
    First-generation cephalosporin 466 (64.5) 324 (31.8) 
    Third-generation cephalosporin 107 (14.8) 204 (20.0) 
    Aminoglycoside 106 (14.7) 324 (31.8) 
    Penicillin 23 (3.2) 51 (5.0) 
    Vancomycin 5 (0.7) 22 (2.2) 
    Piperacillin/tazobactam 1 (0.1) 3 (0.3) 
    Metronidazole 14 (1.9) 92 (9.0) 
Irrigation and debridement   
Optimum time to definitive operative debridement   
    <6 hours 484 (79.1) 554 (90.5) 
    6 to 24 hours 103 (16.8) 43 (7.0) 
    24 to 48 hours 3 (0.5) 8 (1.3) 
    Time to debridement is unimportant 22 (3.6) 7 (1.1) 
Actual average time to definitive operative 
debridement   
    <6 hours 239 (39.1) 290 (47.4) 
    6 to 24 hours 330 (53.9) 286 (46.7) 
    24 to 48 hours 31 (5.1) 23 (3.8) 
    >48 hours 12 (2.0) 13 (2.1) 
Reason for delayed debridement   
    Surgeon choice/preference 15 (2.5) 13 (2.2) 
    Lack of available operative personnel or space 296 (50.3) 301 (51.1) 
    Patient cannot afford expenses 39 (6.6) 35 (5.9) 
    Lack of necessary equipment/implants 36 (6.1) 46 (7.8) 
    Delayed patient arrival 203 (34.5) 194 (32.9) 
All data are frequency of response: number (%). Various data were not reported by all respondents.  
†Multiple responses could be selected for the antibiotic regimen. 
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Table 4. Treatment decisions by domains of open fracture management: fracture stabilization and 
wound management 

 

 

Gustilo-
Anderson Type I 

or II 

Gustilo-
Anderson 
Type III 

All Fracture 
Types 

Fracture stabilization    

Treatment method    

    Primary internal fixation 291 (47.7) 40 (6.6)  

    Delayed internal fixation 311 (51.0) 524 (86.0)  

    Definitive external fixation 6 (1.0) 45 (7.4)  

    Definitive cast or splint 2 (0.3) 0  

Primary method of internal fixation    

    Locking plate 38 (6.3) 68 (12.1)  

    Non-locking plate 37 (6.2) 20 (3.6)  

    Unreamed intramedullary nail 262 (43.7) 228 (40.6)  

    Reamed intramedullary nail 263 (43.8) 246 (43.8)  

Primary reason for using delayed internal fixation    

    Infection risk 183 (59.2) 417 (79.9)  

    Cost of implants 61 (19.7) 47 (9.0)  

    Training/level of comfort 14 (4.5) 19 (3.6)  

    Other 51 (16.5) 39 (7.5)  

Wound management    

Time of wound closure    

    Primary closure at time of definitive fixation 534 (87.5) 184 (30.2)  

    Delayed closure 76 (12.5) 425 (69.8)  

Surgical specialty responsible for the majority of flap procedures    

    Orthopaedics   108 (18.4) 

    Plastic surgery   428 (72.9) 

    General surgery   3 (0.5) 

    Orthopaedics and plastic surgery   48 (8.2) 
The majority of Gustilo-Anderson type-IIIB fractures are treated 
with flap procedures   

 

     Yes   417 (68.5) 

     No   192 (31.5) 

Reason for not using flap procedures in your hospital    

    Surgeon training level/comfort  54 (23.7)  

    Surgeon preference  30 (13.2)  

    Lack of available operative personnel or space  22 (9.6)  

    Patient cannot afford expenses  10 (4.4)  

    Lack of necessary equipment/implants  17 (7.5)  
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    Lack of plastic surgeons   95 (41.7)  

Treatment used when wound cannot be closed primarily    

    Negative-pressure wound therapy  331 (57.8)  

    Saline-solution-soaked dressings  226 (39.4)  

    Antibiotic bead pouch  16 (2.8)  

*All data are frequency of response: number (%). Various data were not reported by all respondents. 
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Table 5. Comparison of treatment preference by HIC versus MIC* 
 

 Gustilo-Anderson Type I or II  P Value Gustilo-Anderson Type III P Value 
  HIC (n = 51) MIC (n = 552)  HIC (n = 51) MIC (n = 552)  
Average time to antibiotic 
delivery      

0.059 

       <3 hours 41 (80.4) 350 (63.4) 0.014 41 (80.4) 368 (66.7)  
       >3 hours 10 (19.6) 202 (36.6)  10 (19.6) 184 (33.3)  
Average time to operative 
debridement      

0.062 

       <24 hours 50 (98.0) 508 (92.5) 0.244 51 (100.0) 513 (93.4)  
       >24 hours 1 (2.0) 41 (7.5)  0 (0.0) 36 (6.6)  
Utilize primary versus 
delayed internal fixation      

0.002 

       Primary 39 (78.0) 247 (45.7) <0.001 10 (19.6) 30 (6.0)  
       Delayed 11 (22.0) 294 (54.3)  41 (80.4) 474 (94.0)  
Utilize primary versus 
delayed closure      

<0.001 

       Primary 32 (62.8) 491 (89.8) <0.001 5 (9.8) 178 (32.6)  
       Delayed 19 (37.2) 56 (10.2)  46 (90.2) 368 (67.4)  
Use soft tissue coverage 
procedures for 3B fractures      

0.270 

       Yes - - - 39 (76.5) 374 (68.5)  
       No - -   12 (23.5) 172 (31.5)  
*All data are frequency of response: number (%). Various data were not reported by all respondents. All tests of 
significance were completed with the Fisher exact test (⍺=0.05). HIC= high-income country and MIC=middle-income 
country. 
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����������������������Á�������������������������������;����������������������������������
������������������������������������������������������������������������������������������
������������������;��������������������������������������������������������;������������
������������������������������� �����������������������������������������������������
��������;�������������������������������������������������������������������������������;�
������������������������������������������������������� 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



9CHAPTER 9



Injury. 2022;2(41):1-8

Management of Soft-Tissue Coverage 
of Open Tibia Fractures in Latin 
America: Techniques, Timing, and 
Resources

MacKechnie MC1, Flores MJ1, Giordano V2, Terry MJ3, Garuz M4, Lee N1, 
Padilla Rojas LG5, MacKechnie MA6, Bidolegui F7, Brown K1, Quintero JE8, 
Ding A1, Sánchez Valenciano CG9, Tabares Neyra H10, Segovia J11, Aguilar 
D12, Van Lieshout EMM13, Verhofstad MHJ13, Miclau T1, Study Group†

1University of California, San Francisco, Institute for Global Orthopaedics and Traumatology, Orthopaedic Trauma 
Institute, Department of Orthopaedic Surgery, Zuckerberg San Francisco General Hospital, San Francisco, CA, USA
2Serviço de Ortopedia e Traumatologia Prof Nova Monteiro, Hospital Municipal Miguel Couto, Avenida Bartolomeu 
Mitre, 1080, Rio de Janeiro, 22793-260 Brazil
3Institute for Global Orthopaedics and Traumatology, Division of Plastic and Reconstructive Surgery, Zuckerberg 
San Francisco General Hospital, San Francisco, CA, USA
4Hospital Santo Tomás, Calle 37 Este, Panamá, Panama
5Federación Mexicana de Colegios de Ortopedia y Traumatología A.C, Puerta de Hierro Hospital 
6Avenida Empresarios 150, Zapopan, Jalisco, 45116, México
Director of Sports Medicine, Department of Orthopaedic Surgery, Cleveland Clinic Martin Health, 200 Hospital 
Avenue, Stuart, Florida, 34994
Servicio de Ortopedia y Traumatología, Hospital Sirio Libanes, Campana 4658, C1419, Buenos Aires, Argentina
8Fracturas y Fracturas, Carrera 12 Bis #9-22, Pereira-Risaralda, Colombia
9Centro Médico de Caracas, Avenida Eraso, Plaza El Estanque Urb, Caracas, 1011, Venezuela
10Centro de Investigaciones en Longevidad, Envejecimiento y Salud (CITED), Sociedad Cubana de Ortopedia y 
Traumatologia Calle G y 27, Vedado GP, 10400, La Habana, Cuba
11Instituto de Prevision Social, Hospital Central, Avenida Sacramento y Dr Manuel Peña, Asunción, Paraguay
12Centro de Ortopedia y Traumatología, Hospital Vivian Pellas, Managua, PO Box 2261, Nicaragua
13Trauma Research Unit, Department of Surgery, Erasmus MC, University Medical Center Rotterdam, P.O. Box 
2040, 3000 CA Rotterdam, The Netherlands



132   |   Chapter 9

 

Abstract 
Purpose: This study examined soft-tissue coverage techniques of open tibia fractures, described 
soft-tissue treatment patterns across income groups, and determined resource accessibility and 
availability in Latin America. 
 
Materials and Methods: A 36-question survey was distributed to orthopaedic surgeons in Latin 
America through two networks: national orthopaedic societies and the Asociación de Cirujanos 
Traumatólogos de las Américas (ACTUAR). Demographic information was collected, and 
responses were stratified by income groups: high-income countries (HICs) and middle-income 
countries (MICs). 
 
Results: The survey was completed by 469 orthopaedic surgeons, representing 19 countries in 
Latin America (2 HICs and 17 MICs). Most respondents were male (89%), completed residency 
training (96%), and were fellowship-trained (71%). Only 44% of the respondents had received 
soft-tissue training. Respondents (77%) reported a strong interest in attending a soft-tissue 
training course. Plastic surgeons were more commonly the primary providers for Gustilo 
Anderson (GA) Type IIIB injuries in HICs than in MICs (100% vs. 47%, p<0.01) and plastic 
surgeons were more available (<24 hours of patient presentation to the hospital) in HICs than 
MICs (63% vs. 26%, p=0.05), demonstrating statistically significant differences. In addition, 
respondents in HICs performed free flaps more commonly than in MICs for proximal third (55% 
vs. 10%, p<0.01), middle third (36% vs. 9%, p=0.02), and distal third (55% vs. 10%, p<0.01) 
lower extremity wounds. Negative Pressure Wound Therapy (NPWT or Wound VAC) was the 
only resource available to more than half of the respondents. Though not statistically significant, 
surgeons reported having more access to plastic surgeons at their institutions in HICs than MICs 
(91% vs. 62%, p=0.12) and performed microsurgical flaps more commonly at their respective 
institutions (73% vs. 42%, p=0.06). 
 
Conclusion: The study demonstrated that most orthopaedic surgeons in Latin America have 
received no soft-tissue training, HICs and MICs have different access to plastic surgeons and 
different expectations for flap type and definitive coverage timing, and most respondents had 
limited access to necessary soft-tissue coverage surgical resources. Further investigation into 
differences in the clinical outcomes related to soft-tissue coverage methods and protocols can 
provide additional insight into the importance of timing and access to specialists. 
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Introduction 
The burden of musculoskeletal disease poses a significant global health challenge, with low-and 
middle-income countries (LMICs) being particularly affected, resulting in approximately 90% of 
trauma-related deaths worldwide.1–3 Open tibial shaft fractures are one of the most frequently 
reported traumatic injuries, being the most common long bone fracture, and associated with high 
rates of infection, nonunion, and malunion.1 Road traffic accidents have contributed to the rise in 
the incidence of open tibia fractures, which has led to over 50,000 open fractures per year in 
some Latin American countries, with complication rates reaching as high as 20%.4,5 
 
Due to the high-velocity trauma associated with many open tibia fractures, these injuries are 
often complicated by soft-tissue damage, which can be exacerbated by poor and untimely wound 
coverage that can lead to further complications including infection, amputation, and death.6,7 In 
high-income countries (HICs), these soft-tissue interventions are often delegated to the expertise 
of plastic surgeons. However, in LMICs there is often a dearth of plastic surgeons available to 
treat soft-tissue injuries, and therefore these wounds are managed by orthopaedic surgeons or 
other healthcare providers who often lack sufficient training.8 
 
Multiple measures have been suggested to address this gap in the management of soft-tissue 
injury following open tibia fractures, such as standard of care protocols, academic partnerships, 
and international soft-tissue coverage training courses.9 However, these measures are not well 
documented across Latin America. In a recent study, it was reported that few middle-income 
countries (MICs) had standard of care protocols or guidelines in place for open fracture treatment 
in Latin America.10,11 The current paucity of literature on soft-tissue management for open 
traumatic wounds in this region poses a significant challenge in identifying needs, comparing 
treatment strategies, and determining effective solutions across a diverse economic landscape. 
Thus, the purpose of this study was to examine soft-tissue coverage techniques of open tibia 
fractures, describe soft-tissue treatment patterns across income groups, and determine resource 
accessibility and availability in Latin America.  
 
Materials and Methods 
A cross-sectional, multi-national survey was conducted between January to July 2021 to identify 
orthopaedic surgeons’ standards of soft-tissue wound care for open tibia fractures and determine 
areas for further study and improvement. Inclusion criteria included orthopaedic surgeons that 
treat traumatic injuries in Latin America. There were no exclusion criteria. 
 
The survey consisted of 36 questions and was designed based on a literature review, and further 
assessed by two fellowship-trained orthopaedic and plastic surgeons (NL and MT). It was then 
translated into Spanish and Portuguese by three bilingual Latin American orthopaedic surgeons 
using the back translation method (MG, CSV, and VG).12 Demographic information was 
collected, including country of practice, years of experience, subspeciality training, practice 
environment, and soft-tissue training level. In addition, a needs assessment gauged orthopaedic 
surgeons’ access and availability to various wound care and microsurgical operating room 
resources and instruments. To optimize the number of survey responses across the region, the 
survey was distributed through two networks: national orthopaedic societies across Latin 
America and the Asociación de Cirujanos Traumatólogos de las Américas (ACTUAR),13 an 
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academic consortium of Latin American orthopaedic trauma surgeons interested in collaborating 
on clinically-important and regionally-relevant investigative work.  
 
In addition, survey responses were stratified by income groups (HICs and MICs) categorized by 
the 2021 World Bank Country and Lending Groups14 data to further evaluate patterns and 
differences in soft-tissue management of open tibia fractures. Analysis was performed utilizing 
Fisher’s exact tests with p ≤ 0.05 as the significance level with STATA SE version 17 software 
(StataCorp). The survey was distributed electronically through REDCap (Research Electronic 
Data Capture) and the study was deemed exempt from review by the University of California, 
San Francisco Institutional Review Board. 
 
Results 
The survey was completed by 469 orthopaedic surgeons. Respondents represented 19 countries 
in Latin America (Figure 1), two of which were designated as HICs and 17 as MICs. Most 
survey respondents were male (89%), completed residency training (96%), and were fellowship-
trained (71%). The majority of orthopaedic surgeons practiced in an urban environment (94%), 
most commonly in a public-private dual practice setting (45%). Most survey respondents (59%) 
personally treated 20 or fewer open tibia fractures each year. Overall, only 44% of the survey 
respondents had received soft-tissue training, obtained through surgical mentorship (53%) or 
formal training courses (47%). Seventy-seven percent of respondents reported a strong interest in 
attending a soft-tissue training course (Table 1).  
 
Comparison of Soft-Tissue Management between Income Groups 
The majority of respondents from both HICs (55%) and MICs (56%) had not received any form 
of soft-tissue coverage training. Average timing between injury and presentation to the hospital 
was most commonly reported within 6 hours among HICs and MICs (81.8% vs. 60%, p=0.63), 
demonstrating no significant difference between income groups. Similarly, timing between 
presentation to the hospital and the operating room was most commonly reported within 6 hours 
for both HICs and MICs (64% vs. 63%, p=0.69). Plastic surgeons were identified as the primary 
providers for soft-tissue coverage for Gustilo Anderson (GA) Type IIIB fractures in HICs 
significantly more often than in MICs (100% vs. 47%, p<0.01). While not statistically 
significant, there was a trend of respondents from HICs having access to a plastic surgeon more 
commonly than in MICs (91% vs. 62%, p=0.12). Additionally, orthopaedic surgeons in HICs 
reported increased availability to soft-tissue specialists within 24 hours of patient presentation to 
the hospital in comparison to MICs (63% vs. 26%, p=0.05). Definitive soft-tissue coverage was 
performed more commonly within seven days in HICs than in MICs (60% vs. 49%, p=0.48) and 
microsurgical flaps were used more commonly at institutions in HICs than in MICs (72.7% vs. 
42.1%, p=0.06), although there were no statistically significant differences between the groups 
(Table 2). 
 
Preference for soft-tissue management of lower extremity wounds following open tibia fractures 
were treated significantly differently between income groups. Respondents from HICs performed 
free flaps more often than in MICs for proximal third (55% vs. 18%, p<0.01), middle third (36% 
vs. 9%, p=0.02), and distal third lower extremity defects (55% vs. 10%, p<0.01) (Figure 2). 
 
Wound Care and Operating Room Resources 



Management of Soft-Tissue Coverage of Open Tibia Fractures   |   135   

9

 

The majority of participants (70%) had access to a Negative Pressure Wound Therapy (NPWT or 
Wound VAC). Less than half of the participants had access to the following items: magnifying 
loupes (43%), wall suction outside the OR (41%), manual blade for harvesting skin grafts 
(Humby blade) (40%), power dermatome (39%), microsurgery instruments (31%), operating 
microscopes (28%), handheld doppler (22%), and skin graft mesher (19%). Participants reported 
access to multiple types of dressings, including saline-moistened sterile gauze dressings (76%), 
occlusive dressings (71%), and anti-microbial dressings (62%). Regarding anti-microbial 
dressings for wound care, antibiotic ointments were the most commonly accessible (71%), 
followed by Silvadene (67%), Betadine/Iodine-based dressings (56%), Dakins/Dilute bleach 
(22%), honey-based dressings (17%), and other supplies (13%) (Table 3). 
 
Discussion 
Determining the ideal protocol for open fracture treatment in Latin America is considered one of 
the top health research priorities in musculoskeletal care,15 with timeliness and method of 
treatment being critical to the function and outcome of these injuries.16,17 This study adds to 
recent research on open tibia fracture management in Latin America by identifying soft-tissue 
coverage techniques, timing, and available resources across HICs and MICs.  
 
Countries in Latin America have large disparities in healthcare expenditures in relation to their 
Gross Domestic Product (GDP) per capita, ranging from 3.5%-11.2%, resembling similar 
percentages to those observed in low, middle, and high-income countries.18,19 Socioeconomic 
factors, as well as diverse national healthcare systems in this region, contribute to the uneven 
distribution of musculoskeletal trauma care across centers, disproportionately impacting those in 
resource-limited settings.6,20–24 
 
In this study, plastic surgeons in HICs were more commonly cited as the primary providers 
responsible for performing soft-tissue coverage than in MICs. Of note, a small percentage of 
respondents reported no access to orthopaedic or plastic surgeons to provide soft-tissue coverage 
for GA Type IIIB open tibia fractures, likely requiring the patient to be referred to a more well-
equipped hospital with access to specialists and resources. Plastic surgeons were also reportedly 
more accessible in HICs than MICs, consistent with prior literature citing lack of access to 
specialists as a major barrier to performing wound coverage in LMICs.6,11,25–28 Indeed, in Latin 
America, a prior study reported that soft-tissue flaps are not performed in nearly one-third of GA 
Type IIIB fractures due to these barriers.25 Although the orthopaedic surgeon-respondents across 
HICs and MICs in this study received similar levels of soft-tissue training, the greater 
availability and access to specialist coverage in HICs was associated with timelier definitive 
treatment (within seven days) than in MICs, supporting the advantages of a combined 
orthoplastic team. Other barriers that may factor into time to definitive soft-tissue coverage 
between income groups include individual surgeon expertise, medical cost, implant and 
equipment availability, hospital resources, and infrastructure.29  
 
Multidisciplinary management between orthopaedic and plastic surgery teams is advantageous 
for the treatment of severe open tibia fractures, as it is associated with timelier treatment, quicker 
recovery, and less complications.30–33 Plastic surgeons play a critical role in trauma centers 
performing limb-saving flap procedures, skin grafts, and microsurgery. Given these benefits, 
combined specialty teams are recognized in national open fracture treatment guidelines in 



136   |   Chapter 9

 

Europe and North America.34–36 Yet, many guidelines in Latin America are neither well-
described nor standardized across the region.20,25 Using evidence-based standardized guidelines, 
such as the British Association of Plastic Reconstructive and Aesthetic Surgeons (BAPRAS),36 
could help guide the development of regional protocols that include definitive soft-tissue 
coverage within seven days, “fix and flap” soft-tissue coverage with concomitant definitive 
fixation, and NPWT as an adjunct to open fracture management, all of which surgeons in HICs 
and MICs could work towards to improve outcomes and decrease complications.37 Some 
principles of lower extremity management outlined in these guidelines, including wound 
debridement within 24 hours of injury and antibiotic administration within 3 hours of injury for 
GA Type I-III fractures are already reported as common practice among orthopaedic surgeons in 
Latin America.25  
 
While standard orthopaedic residency training typically does not include soft-tissue flap 
coverage techniques as part of their core curriculum, this study’s findings provide a perspective 
on current training and practices in this region, which can aid in the development of solutions to 
address treatment gaps. Efforts to train the orthopaedic surgeons acutely managing open tibia 
fractures with wound defects has been shown to be a cost-effective way of addressing these 
complex injuries in lesser-resourced settings.38,39 Specifically, hands-on reconstructive training 
courses in these environments led by both orthopaedic and plastic surgeons can augment 
surgeons’ knowledge and skill in managing rotational flaps, skin grafts, and wound 
management.9,29,40–42 
 
Less than half of the study participants reported having access to various instruments in the 
operating room, including magnifying loupes, wall suction, Humby blades, and power 
dermatomes. NPWT was the only resource available to the majority of orthopaedic surgeons. 
Though previously believed to decrease infection rates of severe open wounds, a 2018 Cochrane 
review and a large randomized controlled trial showed no clear differences in healing or 
infection rates in open fractures in comparison to conventional dressings.43,44 While NPWT is 
widely available in the operating room, this method of wound coverage may not be an adequate 
substitute to soft-tissue coverage.45 Further, this survey did not distinguish between industry 
manufactured and improvised NPWT devices, the latter of which is used in some public 
hospitals in Latin America and has an efficacy that has not been well described. Additional 
investigation on the differences between NPWT devices would be beneficial. In HICs, surgeons 
in Latin America were predisposed to treat lower extremity proximal third, middle third, and 
distal third defects more commonly with free flaps, likely due to the greater access to plastic 
surgeons at their institutions. Conversely, surgeons in MICs more commonly treated these 
injuries with various other methods, including fasciocutaneous flaps, local muscle flaps, or direct 
wound care. While there is evidence to support that free flaps can lead to less wound 
complications for fractures with high grade osseus injuries,46 Cho et al. reported no differences in 
healing or infection rates between fasciocutaenous and muscle flaps, describing both as adequate 
methods for wound coverage.47,48 Though the decision between flap type coverage is dependent 
on the location and severity of the defect,37 further examination of the differences in soft-tissue 
treatment could help to identify areas of change to improve clinical outcomes. 
 
This large-scale multi-national study describes orthopaedic surgeons’ soft-tissue coverage 
techniques of open tibia fractures in Latin America, with the intent to provide insight into region-
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specific knowledge gaps. Nineteen countries were represented in this study, providing a broad 
overview of regional treatment patterns and availability of wound care resources. The study 
demonstrated that most respondents had limited access to necessary soft-tissue coverage surgical 
tools and resources, most orthopaedic surgeons in this region have received no soft-tissue 
training, and HICs and MICs have different access to plastic surgeons and expectations for flap 
type and timing to definitive coverage.  
 
This study had several limitations. First, a chain-referral sampling method was utilized to 
improve the number of responses, precluding the ability to estimate a survey response rate. 
However, this method allowed the survey to be distributed more widely and to a more diverse 
group of orthopaedic surgeons across the region. Second, the overall number of 469 survey 
responses was low in comparison to the actual number of practicing orthopaedic surgeons in 
Latin America, limiting the generalizability of the results. Though it is difficult to provide an 
absolute number of practicing orthopaedic surgeons across the region, a total of 30,000 
orthopaedic surgeon-members have been estimated across 20 Latin American national 
societies.25 Nevertheless, the survey represented participants from 19 countries in Latin America, 
providing for a regional evaluation of soft-tissue treatment techniques. Third, there were few 
responses collected overall from the HICs, which may not adequately reflect the treatment 
practices across this entire income group and may affect statistical inferences. These fewer 
responses are due, in large part, to the fact that there are only two countries designated as HICs 
������������������������������������;�it is valuable, however, to include these data to fully 
understand management differences in the region.  
 
In summary, this study’s findings support the need for soft-tissue training courses, including 
rotational flaps, skin graft, and wound management, as well as better allocation of surgical tools 
and resources for orthopaedic surgeons in this region. Further investigation into differences in 
the clinical outcomes and protocols can provide additional insight into the importance of timing 
and access to specialists. 
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Figure 1. Map of survey respondents by country and identification of income groups (HICs and 
MICs) determined by the 2021 World Bank Country and Lending Groups data. 
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Figure 2. Survey respondents’ preference for treatment of lower extremity proximal, middle, and 
distal third defects stratified by income groups (HICs vs. MICs). 
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Table 1. Demographic data of survey respondents 
 Total n (%) 
 469 (100) 
Male 416 (88.7) 
Years in practice  
        0-5 69 (14.7) 

6-10 88 (18.8) 
        11-15 70 (14.9) 
        16-20 67 (14.3) 
        >21  175 (37.3) 
Residency training 448 (95.7) 
Fellowship in musculoskeletal trauma  333 (71.3) 
Practice setting  
        Public-Private (Combination) 212 (45.2) 
        Public hospital 126 (26.9) 
        Private practice 102 (21.7) 
        Academic practice 28 (6) 
Practice location  
        Urban 439 (93.6) 
        Suburban 25 (5.3) 
        Rural 5 (1.1) 
Supervise Residents 285 (60.8) 
Received soft-tissue training  
        Yes 207 (44.2) 
        No  262 (55.8) 
Type of soft-tissue training  
        Surgical mentorship 108 (52.7) 
        Formal training course 97 (47.3) 
Number of open tibia fractures personally treated each year  
        0-10 173 (38.1) 
        11-20 93 (20.5) 
        21-30 61 (13.4) 
        31-40 28 (6.2) 
        41-50 34 (7.5) 
        51-60 15 (3.3) 
        61-70 8 (1.8) 
        71-80 3 (1) 
        81-90 1 (.2) 
        91-100 16 (3.1) 
        >100 8 (1.8) 
*Various data not reported by all respondents 
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Table 2. Comparison of soft-tissue management between income groups 

 High-Income 
Countries 
N (%)‡ 
 

Middle-
Income 
Countries 
N (%)‡ 

P Value 

Total  11 (100) 458 (100)  
Average time between injury and patient 
presentation to hospital 

   

        <6 hours 9 (81.8) 274 (60) 0.63 
        24 hours 2 (18.2) 173 (37.9)  
        48 hours 0 (0) 10 (2.1)  
Average time between patient presentation 
and the OR for fracture stabilization 

   

        <6 hours 7 (63.7) 281 (62.5) 0.69 
        24 hours 4 (36.4) 142 (31.6)  
        48 hours 0 27 (6)  
Average time to provide soft-tissue 
coverage after presentation of injury 

   

        <7 days 6 (60) 194 (48.7) 0.48 
        >7 days 4 (40) 204 (51.3)  
Primary soft-tissue coverage provider for 
GA-IIIB fractures 

   

        Plastic surgeon 11 (100) 213 (46.9) <0.01 
        Orthopaedic surgeon 0 (0) 205 (45.1)  
        No available surgeon 0 36 (7.9)  
How often is a plastic surgeon available at 
your institution? 

   

         Always 10 (90.9) 282 (61.7) 0.12 
         Sometimes 1 (9.1) 69 (15.1)  
         Never 0 (0) 106 (23.2)  
How available is your soft-tissue coverage 
provider? 

   

       Inpatient (initial hospitalization) <24 
hours 

7 (63.6) 118 (26.2) 0.05 

       Inpatient (initial hospitalization) <1-3 
days 

3 (27.3) 134 (29.71)  

       Inpatient (initial hospitalization) >3 
days 

1 (9.1) 139 (30.8)  

       Transfer or outpatient follow-up only 0 60 (13.3)  
Are microsurgical flaps performed at your 
institution? 

   

       Yes 8 (72.7) 192 (42.1) 0.06 
       No 3 (27.3) 264 (57.9)  
Have you received soft-tissue coverage 
training? 

   

        Yes 5 (45.4) 202 (44.2) 1 
        No 6 (54.5) 255 (55.8)  
Are you interested in attending a soft-
tissue training course? 
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*Various data not reported by all respondents 
*Tests of significance are completed with Fisher’s exact test (p ≤ 0.05) 
‡2021 World Bank Country and Lending Groups 
  

       Very interested 7 (63.6) 353 (77.2) 0.13 
       Moderately interested 2 (18.2) 82 (18)  
       Not interested 2 (18.2) 22 (4.8)  
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Table 3. Wound care and operating room resources 
 

 Total n (%) 
 469 (100) 
Which OR resources do you consistently have access to?+  
        Negative Pressure Wound Therapy (NPWT or Wound  
        VAC) 

328 (69.8) 

        Magnifying loupes 201 (42.8) 
        Wall suction outside the OR 192 (40.8) 
        Manual blade for harvesting skin grafts (e.g Humby     
        blade) 

189 (40.2) 

        Power dermatome 184 (39.1) 
        Microsurgery instruments 147 (31.3) 
        Operating microscopes 130 (27.7) 
        Handheld doppler 103 (21.9) 
        Skin graft mesher 91 (19.4) 
Which dressings do you consistently have access to?+  

Saline-moistened sterile gauze dressing 355 (75.5) 
Occlusive dressing 332 (70.6) 
Anti-microbial dressing 289 (61.5) 

What type of anti-microbial dressings do you have access 
to?+ 

 

        Antibiotic ointments 333 (70.8) 
        Silvadene 315 (67) 
        Betadine/Iodine-based dressing 262 (55.7) 
        Dakins/Dilute bleach 102 (21.7) 
        Honey-based dressing 82 (17.4) 
        Other 61 (12.9) 
What type of microsurgical instruments are available at 
your institution?+ 

 

         Not sure 270 (57.4) 
         8-0 suture (nylon, proline) 183 (38.9) 
         9-0 suture 131 (27.9) 
         Micro needle-holder 129 (27.4) 
         Curved micro dissecting scissors 126 (26.8) 
         Straight micro scissors  122 (26) 
         Micro-pickups 112 (23.8) 
         10-0 suture 107 (22.8) 
         Micro vessel dilator 99 (21.1) 
 
*Various data not reported by all respondents 
+Participants were able to select multiple responses 
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Abstract 
Background: Road traffic accidents (RTAs) are the leading cause of death for young adults aged 
5-29 years and also result in non-fatal injuries in 20-50 million people worldwide. Many incur a 
permanent disability from these injuries, negatively impacting their health-related quality of life 
(HRQOL). RTAs have contributed to a rise in the incidence of open tibia fractures, particularly 
in Latin America, a region comprising mostly LMICs, and with the greatest proportion of road 
traffic fatalities per capita worldwide. The current state of care of open tibia fractures in this 
region is not well described. Thus, this study sought to identify factors such as severe injury 
patterns, delayed treatment, and method of fracture stabilization that correlated with decreased 
HRQOL scores following open tibia fractures in Latin America.  
 
Materials and Methods: A 12-month multi-center prospective observational study was 
conducted across 16 trauma centers in seven Latin American countries between 2018 to 2022. 
Inclusion criteria were patients over the age of 18 with isolated AO/OTA type 42 open tibial 
shaft diaphyseal fractures. Demographic information, medical history, injury characteristics, and 
treatment patterns were collected during enrollment. The primary outcome measure was the 
Physical Component Summary (PCS) and Mental Component Summary (MCS) scores using the 
12-Item Short Form Health Survey (SF-12), a validated health-related questionnaire that 
measures patients’ physical and mental health status. The SF-12 was administered at the time of 
enrollment, as well as at the 6, 12, 26, and 52-week post-definitive fixation follow-up timepoints. 
 
Results: Of the total 288 (68.1%) patients that completed the initial enrollment data and follow-
up through one-year, less than half (47.2%) received definitive fixation at the time of their initial 
treatment, with a preference for intramedullary nailing (35.8%), followed by non-operative 
management using splinting/casting (33.7%) and external fixation (28.1%). Intramedullary 
nailing was also the most common method (75%) for definitive fixation. Most soft-tissue wounds 
were closed primarily (88.2%). Gustilo-Anderson (GA) Type II (59.7%) and Type IIIA (22.2%) 
fractures were most common. The most frequent complications reported were nonunion (6.9%), 
reoperation (6.3%), superficial infection (5.9%), and deep infection (3.5%). Mean timing from 
injury to hospital presentation was 3.97 hours (range: 0.15-226.4), hospital presentation to 
antibiotic administration was 3.46 hours (range: 0.06-481), and hospital presentation to initial 
surgery was 12.64 hours (range: 0.08-728.1). Most patients (69.1%) received post-operative 
antibiotics for three or more days. There was a significant negative impact on physical quality of 
life at one-year post-injury for those that sustained GA Type IIIB fractures (estimate: -6.4, 95% 
CI (-11.1 – -1.8)) and GA Type IIIC fractures (estimate: -20.7, 95% CI (-30.2 – -11.2)) compared 
to GA Type I fractures. External fixation (estimate: -3.2, 95% CI (-5.5 – -0.8)) was also 
associated with lower HRQOL at one-year compared to intramedullary nailing for initial fracture 
stabilization. There was also a large decrease in mental quality of life for patients that sustained a 
firearm-related fracture (estimate: -8.5, 95% CI (-14.4 – -2.5) or an OTA arterial score 3 injury 
(estimate: -16.5, 95% CI (-30.5 – -2.6)). Moreover, delays in timing from injury to hospital 
(estimate per hour: -0.07, 95% CI (-0.1 – -0.02)) were associated with a decrease in HRQOL and 
use of external fixation for initial stabilization decreased quality of life at one-year when 
compared to an intramedullary nail (estimate: -3.0, 95% CI (-5.8 – -0.7). 
 
Conclusion: The results provide insight into the epidemiology, management, and clinical 
outcomes associated with open tibia fractures in Latin America. Surgeons demonstrated a 
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preference for staged treatment of open tibia fractures with definitive fixation using 
intramedullary nails. Delays in timing from patient presentation to the hospital, antibiotic 
administration, and surgical debridement exist, with a delay in injury to hospital presentation 
being associated with a decrease in HRQOL. Additionally, more severe fracture patterns (GA 
Type IIIB and Type IIIC) versus less severe injuries (GA Type I) and initial external fixation use 
(indicative of more severe injuries) adversely affected patients’ HRQOL.  
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Introduction 
Road traffic accidents (RTAs) are the leading cause of death for young adults aged 5-29 years1 
and also result in non-fatal injuries in 20-50 million people worldwide.2 Many incur a permanent 
disability from these injuries, negatively impacting their health-related quality of life (HRQOL).2 
Although traumatic injuries including RTAs represent a significant burden globally, mortality 
and morbidity rates are two-to five-times higher in low and middle-income countries (LMICs) 
than in high-income countries (HICs).3,4 Notably, Latin America, a region comprising mostly 
LMICs, has the greatest proportion of road traffic fatalities per capita worldwide.5,6 RTIs have 
contributed to a rise in the incidence of open tibia fractures, which are often associated with 
severe soft-tissue defects and increased rates of poor outcomes due to complications such as deep 
infection, chronic osteomyelitis, and nonunion.7–10 These complications have been shown to have 
greater negative impact on patients’ HRQOL than myocardial infarction, stroke, or end-stage 
arthritis.11 Surgeons’ early decision-making for open tibia fracture management is critical for 
optimal long-term outcomes.12 However, treatment can be particularly challenging in Latin 
America due to factors including delayed patient presentation,13 lack of formal guidelines,14 and 
limited training opportunities to manage complex issues such as soft-tissue coverage.15,16 
Further, the current state of care of open tibia fractures in this region is not well described in the 
����������;�LMICs remain historically underrepresented in clinical trials,17–20 with significantly 
fewer collaborative multi-center publications originating from orthopaedic surgery than from 
other specialties.20 Recognizing the need to better understand open tibia fracture management in 
Latin America, the Asociación de Cirujanos Traumatólogos de las Américas (ACTUAR),21 a 
consortium of Latin American orthopaedic trauma surgeons interested in building regional 
research capacity, developed a prospective observational study. It was hypothesized that factors 
such as severe injury patterns, delayed treatment, and method of fracture stabilization negatively 
affected HRQOL. This study sought to identify those factors that correlated with decreased 
HRQOL scores following open tibia fractures in Latin America.  
 
Materials and Methods 
A 12-month multi-center prospective observational study was conducted across 16 trauma 
centers in seven Latin American countries between 2018 to 2022. Inclusion criteria were patients 
over the age of 18 with isolated AO/OTA type 42 open tibial shaft diaphyseal fractures.22 
Exclusion criteria were patients with a pathologic fracture, a previous deformity or abnormality 
of the lower limb, patients with previous damage to the same leg that required surgery, one or 
more additional bone injuries, patients with an injury score according to the Abbreviated Injury 
Score (AIS) of greater than three (1-�����;��-��������;��-�������;��-������;��-��������;��-
maximal and currently untreatable), a score on the Glasgow Coma Scale (GCS) of less than 12, 
major burns of greater than 10%, and a spinal cord injury with a neurological deficit. Patients 
were treated according to the local surgeons’ preference at their trauma center. Demographic 
information, medical history, injury characteristics, and treatment patterns were collected during 
enrollment.  
 
The primary outcome measures were the Physical Component Summary (PCS) and Mental 
Component Summary (MCS) scores using the 12-Item Short Form Health Survey (SF-12), a 
health-related questionnaire that measures patients’ physical and mental health status and that 
has previously been validated in a Latin American country.23–25 A preoperative SF-12 was 
administered at the time of enrollment (baseline) and subsequently administered at the 6, 12, 26, 
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and 52-week post-definitive fixation follow-up timepoints (Figure 1). At each timepoint, patients 
were evaluated by an orthopaedic trauma surgeon to assess the injury, presence or absence of any 
complications, and the patients’ physical and mental health using the SF-12. 
 
Patients’ consent was obtained, and recruitment materials were approved by the Institutional 
Review Board (IRB) at the central coordinating center, University of California, San Francisco 
(UCSF), as well as at each participating site. Data was collected at each site by an attending 
orthopaedic trauma surgeon or research assistant under the surgeon’s supervision using Research 
Electronic Data Capture (REDCap), a secure web-based application used to capture data for 
clinical research. 
 
Statistical Analysis 
All statistical analyses were performed using R (Version 4.2.2). Descriptive statistics were 
performed to report demographic information, common fracture patterns, and treatment 
characteristics of all enrolled patients. Univariate analysis was performed using Student’s two-
tailed T-test and one-way ANOVA for continuous outcomes and the Chi-square test for 
categorical outcomes. A bivariate analysis was performed for both the PCS and the MCS scores 
using a one-away ANOVA for all relevant patient factors (i.e. age, gender, Body Mass Index, 
employment status, comorbidities, alcohol use, and smoking status), injury factors (i.e. 
mechanism of injury, Gustilo-Anderson classification, timing of injury to hospital presentation, 
injury to initial antibiotic administration, and injury to initial surgery), and treatment factors (i.e. 
method of initial and definitive fracture stabilization). Variables found to be significant using an 
alpha threshold of 0.2 were included in the appropriate multivariable linear regression. 
 
Results 
Between 2018 to 2022, 490 patients were screened, of which 423 patients were eligible and 
consented into the study. In total, 288 (68.1%) patients completed the initial enrollment data and 
follow-up through one-year (Figure 2). Of these patients who completed the one-year follow-up, 
the mean age was 34.8 years. The majority were male (84%), employed (70.8%), and held some 
form of government insurance (55.2%). One quarter (25.3%) of the patients were uninsured and 
a smaller proportion possessed private insurance (16.6%). The mean pre-injury PCS score was 
43.5 and the MCS score was 49.9 (Table 1). The mean one-year post-injury PCS score was 54.7 
and the MCS score was 53.3.  
 
The most common fractures reported were Gustilo-Anderson (GA) Type II (59.7%), followed by 
Type IIIA (22.2%), and Type I (12.5%). GA Type IIIB (4.6%) and Type IIIC (0.7%) fractures 
were less frequently cited. RTIs were the most common cause of injury (81.9%). Other 
mechanisms included falls (6.6%), firearms (4.9%), and crush injuries (2.7%). The majority of 
patients (74.7%) travelled less than 25km for definitive care (Table 2).  
 
Mean timing from injury to hospital presentation was 3.97 hours (range: 0.15-226.4), hospital 
presentation to antibiotic administration was 3.46 hours (range: 0.06-481), and hospital 
presentation to initial surgery was 12.64 hours (range: 0.08-728.1). Most patients received 
antibiotics during their hospitalization (92%), with the majority (69.1%) receiving post-operative 
antibiotics for three or more days. For soft-tissue defects, simple gauze (56.5%) or saline-soaked 
gauze (21.6%) were the primary forms of wound bandaging (Table 3). 
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Less than half of the patients (47.2%) received definitive fixation at the time of their initial 
treatment. The most common initial treatment was intramedullary nailing (35.8%), followed by 
non-operative management with splinting/casting (33.7%) and external fixation (28.1%). 
Regarding definitive fixation, intramedullary nailing was the most common method (75%). 
Though less common, non-operative splinting/casting (14.2%), external fixation (5.2%), and 
plating (4.9%) were also reported for definitive fixation. For soft-tissue wounds, most were 
closed primarily (88.2%) (Table 4).  
 
The most frequent complications reported were nonunion (6.9%), reoperation (6.3%), superficial 
infection (5.9%), and deep infection (3.5%). These complications were also stratified by GA 
Type: nonunion (GA Type I: 2.8%, II: 4.6%, IIIA: 12.5%, IIIB: 23.1%, IIIC: 0%), reoperation 
(GA Type I: 0%, II: 4%, IIIA: 9.4%, IIIB: 30.8%, IIIC: 50%), superficial infection (GA Type I: 
0%, II: 8.7%, IIIA: 3.1%, IIIB: 0%, IIIC: 0%), and deep infection (GA Type I: 0%, II: 1.1%, 
IIIA: 4.7%, IIIB: 30.8%, IIIC: 50%) (Table 5). More than half (58%) of the patients reported 
returning to work at six months, with 82.2% of patients returning to work at one-year (Table 6). 
 
The one-way ANOVA for the PCS identified the following factors as potential predictors: age, 
BMI, diabetes status, mechanism of injury, GA classification, all OTA open fracture subcategory 
classifications (i.e. arterial, wound type, and bone loss), initial form of fixation, and definitive 
form of fixation. Definitive form of fixation and the OTA open fracture classification were 
withheld from the model due to collinearity with other predictors. The multivariate model 
demonstrated no significant sociodemographic relationships. GA Type IIIB fractures (estimate: -
6.4, 95% CI (-11.1 – -1.8)) and GA Type IIIC fractures (estimate: -20.7, 95% CI (-30.2 – -11.2)) 
were associated with large decreases in quality of life at one-year post-injury compared to GA 
Type I fractures (Table 7). In terms of initial fracture stabilization, external fixation (estimate: -
3.2, 95% CI (-5.5 – -0.8)) was associated with lower HRQOL at one-year compared to 
intramedullary nailing.  
 
The one-way ANOVA for the MCS identified the following factors as potential predictors: BMI, 
insurance status, alcohol drinking, smoking status, mechanism of injury, OTA open fracture 
subcategories (i.e. arterial, wound type, and bone loss), injury to hospital time, injury to surgery 
time, and initial form of fixation. The multivariate model demonstrated a significant protective 
effect on those that have never smoked (estimate: 3.5, 95% CI (0.74 – 6.3)) on the MCS score at 
one-year post-injury (Table 8). There was a significant negative impact on quality of life on 
those that sustained a firearm-related fracture (estimate: -8.5, 95% CI (-14.4 – -2.5) or an OTA 
arterial score 3 injury (estimate: -16.5, 95% CI (-30.5 – -2.6)). Moreover, a delay in timing from 
injury to hospital (estimate per hour: -0.07, 95% CI (-0.1 – -0.02)) was associated with a 
decrease in HRQOL. Finally, external fixation for initial stabilization was associated with a 
decreased in mental quality of life at one-year when compared to an intramedullary nail 
(estimate: -3.0, 95% CI (-5.8 – -0.7). 
 
Discussion 
In LMICs, open tibia fractures are among the most common and problematic musculoskeletal 
injuries. These fractures have been designated as “bellwether” injuries, in recognition of their 
significance for severity and a proxy for traumatic injury volume.26,27 Even though open tibia 
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fractures represent a major socioeconomic burden in LMICs, the characteristics and management 
of these injuries are not well documented. The primary objective of this study was to evaluate the 
effect of various factors, including severe injury patterns, delayed treatment, and method of 
fracture stabilization, on patients’ HRQOL in Latin America.  
 
Largely due to RTIs, GA Type II and III fractures were most commonly reported in the current 
study, with over half (59.7%) classifying as Type II and almost one-third (27.6%) classifying as 
Type III. This stratification of open tibia fracture types were within the ranges reported in studies 
from lower-resourced regions worldwide,28 including Argentina and Brazil,29 Malawi,30 
Tanzania,31 and Malaysia.32 In addition to the possibility that the populations may face different 
mechanisms of injury, there could have been variability in surgeons’ open fracture 
classifications, given that there is an inherent potential for interobserver variations in the GA 
classification system.33 The GA Type IIIB and IIIC fractures reported in the current study were 
associated with significant decreases in HRQOL at one-year post-injury compared to GA Type I 
fractures. These results were consistent with commonly accepted findings that higher-energy 
injuries are associated with worse clinical outcomes.34,35 
 
Delays in patient presentation to the hospital, antibiotic administration, and initial surgical 
debridement have all been associated with increased rates of complications,36 particularly with 
more severe open fractures. Resultant post-fracture complications have been correlated with 
poorer patient outcomes.35 In this study, delays in time from injury to hospital were associated 
with a decrease in quality of life. The mean time from injury to hospital presentation was 3.97 
hours, which was highly variable and represented a delay in care. The variability and greater 
delays in presentation were particularly interesting, given that most patients lived within 25 
kilometers from the treating hospital. These data are consistent with the findings from the 
International Orthopaedic Multicenter Study in Fracture Care (INORMUS), which determined 
that Latin American patients with open fractures had the greatest proportion of delays 
worldwide,13 with a delay defined by the Lancet Commission on Global Surgery as patient 
presentation to the hospital being more than two hours post-injury. Although a variable that is 
difficult to control, the results from this study demonstrate a needed improvement in the 
consistency of systematic care for patients with these injuries. Further, the delays to initial 
presentation subsequently affected timeliness of other critical management, including time to 
initial antibiotic administration and initial surgical procedure (debridement and stabilization). 
 
The mean time from injury to antibiotic administration was 7.44 hours, which was outside of the 
commonly accepted three-hour recommendation following an open tibia fracture.36,37 However, 
the mean time from hospital presentation to antibiotic administration was 3.46 hours, 
representing another potentially modifiable delay in care. Most patients received antibiotics 
during their hospitalization (92%), though it was not clear why a minority of patients did not 
ever receive antibiotics. The general trend for patients with GA Types I and II fractures was to 
receive gram positive coverage, with GA Type III fractures receiving gram negative coverage, 
consistent with published recommendations.38,39 Additionally, the majority of patients (69.1%) 
received antibiotics for three or more days post-operatively, which was similarly reported for the 
treatment of GA Types I, II, and III by orthopaedic trauma surgeons in Cuba.40 This practice may 
be secondary to their attempts to compensate for delays in pre- or intra-hospital care or wound 
closure, relative to practices in better-resourced environments where recommended post-
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operative antibiotic administration times are trending towards 24 hours, particularly for post-
closure wounds.36 Further, the mean time from hospital admission to initial surgical procedure 
was 12.64 hours, which is near the 12-hour threshold associated with a 1.5-fold increase in 
infection compared to patients debrided within six hours,35 however, it is still within the 24-hour 
rule recommended as acceptable by others.41,42 This delay to initial surgery is greater than the 6.8 
hours cited in a recent prospective study investigating the epidemiology of 57 open tibia 
fractures across seven centers in Argentina and Brazil.29 The discrepancy in timing may be due 
to the current study’s larger sample size and level of variability in resource availability, type of 
trauma centers, and ranges in standard of care.  
 
Most patients (52.7%) had two or more procedures, with the fractures largely receiving an 
intramedullary nail, splint/cast, and external fixation on initial management. Intramedullary nails 
were used preferentially for definitive fixation, consistent with recommendations in the literature 
for the treatment of tibial shaft fractures,43,44 with temporary external fixation and a splint/cast 
frequently used as temporary fixation prior to conversion to a nail. This practice was consistent 
with those results described in a study by Bhandari et al., suggesting that orthopaedic trauma 
surgeons preferred intramedullary nailing to external fixators, but this preference progressively 
declined as the severity of the soft-tissue injury increased.45 The current study identified a 
negative correlation between use of external fixation for initial stabilization and patients’ MCS 
score at one year, likely reflecting that more severe injuries were treated initially with external 
fixation. Finally, a majority of wounds were closed primarily (88.2%), with a minority being 
treated with delayed primary closure. This is likely reflective of few GA Type IIIB (4.6%) and 
IIIC (0.7%) fractures, which require additional soft-tissue management and types of dressings 
available. Gauze (56.5%), saline-soaked gauze (21.6%), and betadine-based (8.6%) dressings 
were used most commonly, which is consistent with another study’s results on the available 
resources and management of soft-tissue coverage following open tibia fractures in Latin 
America.15  
 
Although suffering from an open tibia injury can have a profound impact on the patient and 
family’s socioeconomic health,46,47 more than half (58%) of the patients returned to work at six 
months, with the majority (82.2%) returning at one year. These results are similar to a systematic 
review summarizing the economic burden of open tibia fractures worldwide, determining that 
60% of patients returned to work full-time at one-year.48 Rates in Argentina and Brazil showed a 
higher percentage (70.6%) returning to work at four months.29  
 
To date, this study represents the largest prospective multi-center, multi-national study 
evaluating open tibia fracture management in Latin America. In addition to evaluating the effects 
of a variety of factors on HRQOL, it provided an epidemiological overview of open tibia 
fractures in Latin America. Strengths of the study included the patient sample size, number of 
participating sites, and diversity of countries represented throughout the region. Additionally, the 
follow-up rate at one-year (68.1%) is no�����; not only was this study on trauma patients, where 
it is more difficult to initially screen for their ability to follow-up, but this was also conducted 
during the COVID-19 pandemic, which, in some cases, limited outpatient clinic availability and 
patients’ willingness to come to a healthcare facility post-operatively. The high rate of follow-up 
also supports the feasibility of engaging in such investigative work in Latin America. 
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There were many potential limitations in this study. First, despite the relatively high follow-up 
rates at one-year, there were still patients lost to follow-up, with some sites being more prone to 
lack of follow-up than others. Because the study was initiated pre-pandemic and carried through 
post-pandemic, many of the patients who might normally have returned for in-person follow-up 
appointments required telephone interviews instead. Telephone interviews with completion of 
the SF-12 survey were utilized in this study, and though this method has been recognized as an 
effective method in the field of orthopaedic trauma,49,50 it could have affected patients’ 
responses. According to a non-orthopaedic study, mental scores were reportedly higher when 
completing the SF-12 through a telephone interview rather than a written self-assessment.51 
Second, while the site Principal Investigators (PI) received personalized training for data 
collection and entry, and these data were reviewed for errors throughout the study (MM/TM), it 
is possible that there were some errors as well as underreporting, such as for complications, 
although there was no indication that this occurred. Further, complications such as nonunion, 
deep infection, and malunion were not pre-defined for the surgeons treating the patients, leaving 
that designation to their own definition. Finally, the sites had varying numbers of patients entered 
into the study, potentially biasing the results towards those centers and treatment practices that 
enrolled more patients.  
 
In summary, the results from the current work represent a large-scale, collaborative effort to 
evaluate injury and treatment factors for open tibia fractures on HRQOL in Latin America. The 
results further provide insight into the epidemiology, management, and clinical outcomes 
associated with open tibia fractures in this region. The results of the study showed that the injury 
characteristics were similar to those in other lower-resourced regions and treatment patterns are 
consistent with previously reported management throughout Latin America. Further, delays in 
timing from patient presentation to the hospital, antibiotic administration, and surgical 
debridement exist, all of which are potentially modifiable factors. In addition, more severe 
fracture patterns (GA Type IIIB and Type IIIC) versus less severe injuries (GA Type I) and 
initial external fixation use (indicative of more severe injuries) adversely affected HRQOL. 
Finally, the success of the study demonstrates the feasibility of conducting collaborative clinical 
research studies in Latin America. 
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Figure 1. Flow diagram of data collection timepoints 
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Figure 2. Flow diagram of patient enrollment 
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Table 1. Demographics 
 
Characteristic Total N=288 
  N(%) 
Age: mean ± SD  34.8 ± 13.5 
Sex (male) 242 (84.0) 
BMI: mean ± SD  25.6 ± 3.5 
Education    
     None  4 (1.4) 
     Preschool 5 (1.7) 
     Primary 25 (8.7) 
     Secondary 162 (56.3) 
     University  85 (29.5) 
     Not reported 7 (2.4) 
Insurance status   
     Government  169 (55.2) 
     Uninsured  73 (25.3) 
     Private  48 (16.6) 
     Not reported 10 (2.7) 
Employment   
     Working 204 (70.8) 
     Not working 72 (25.0) 
     Not reported 12 (4.2) 
Diabetes   
     Yes 12 (4.2) 
      No 276 (95.8) 
Drinks Alcohol   
     Yes 158 (54.9) 
     No 125 (43.4) 
     Not reported 5 (1.7) 
Smoking Status   
     Yes  62 (21.5) 
     Former 56 (19.4) 
     Never  170 (59.0) 
Pre-Injury SF-12 Score   
     PCS 43.5 (11.9) 
     MCS 49.9 (8.4) 
1-year Post-Injury SF-12 Score  
    PCS 54.7 (6.5) 
    MCS 53.3 (7.8) 
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Table 2. Fracture characteristics 
 
Characteristic Total N=288 
  N(%) 
Gustilo-Anderson Fracture Classification   
     Type I  36 (12.5) 
     Type II 172 (59.7) 
     Type IIIA  64 (22.2) 
     Type IIIB 13 (4.6) 
     Type IIIC  2 (0.7) 
     Not reported 1 (0.3) 
OTA Type   
Skin   
     1 261 (90.6) 
     2 15 (5.2) 
     3 9 (3.1) 
    Not reported 3 (1.0) 
Muscle   
     1 194 (67.3) 
     2 86 (29.9) 
     3 3 (1.0) 
    Not reported 5 (1.7) 
Arterial   
     1 276 (95.8) 
     2 9 (3.1) 
     3 1 (0.3) 
    Not reported 2 (0.7) 
Contamination   
     1 126 (43.8) 
     2 142 (49.3) 
     3 17 (5.9) 
    Not reported 3 (1.0) 
Bone Loss   
     1 263 (91.3) 
     2 16 (5.6) 
     3 5 (1.7) 
    Not reported 4 (1.4) 
Mechanism of Injury   
     Road traffic incident 236 (81.9) 
     Fall 19 (6.6) 
     Firearm 14 (4.9) 
     Crush 6 (2.7) 
     Other 12 (4.0) 
Hospital Distance   
     0-25 km 215 (74.7) 
     25-50 km 38 (13.2) 
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     50-100 km 16 (5.6) 
     75-100 km 7 (2.4) 
     >100 km 9 (3.1) 
     Not reported 3 (1.0) 
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Table 3. Open fracture management 
 
Characteristic Total N=288 
 N(%) 
Antibiotics Administered   
     Yes 265 (92.0) 
     No 22 (7.6) 
     Not reported 1 (0.4) 
Antibiotic Regimen †   
     1st Gen Cephalosporin 207 (71.9) 
     3rd Gen Cephalosporin 77 (26.7) 
     Metronidazole 44 (15.3) 
     Aminoglycoside 42 (14.6) 
     Vancomycin 2 (0.7) 
     Piperacillin/Tazobactam 1 (0.3) 
     Other 8 (2.8) 
Antibiotics Delivery Time Post-Op   
     None 3 (1.0) 
     24 hours 21 (7.3) 
     48 hours 26 (9.0) 
     72 hours 36 (12.5) 
     >72 hours 199 (69.1) 
Timing  
     Mean hours from injury to hospital    
     presentation (range) 3.97 (0.15-226.4) 

     Mean hours from injury to antibiotic    
     administration (range) 7.44 (0.7- 484) 

     Mean hours from hospital presentation to   
     antibiotic administration (range) 3.46 (0.06-481) 

     Mean hours from injury to initial surgery  
     (range) 16.97 (0.7-729.5) 

     Mean hours from hospital presentation to  
     initial surgery (range) 12.64 (0.08-728.1) 

Wound Treatment   
     Gauze 170 (56.5) 
     Saline-soaked gauze 65 (21.6) 
     Betadine gauze 26 (8.6) 
     Chlorhexidine gauze 4 (1.3) 
     Microdacyn gauze 5 (1.7) 
     Other 31 (10.3) 
NSAID - Pain Control   
     Yes 197 (68.4) 

†Multiple responses reported  
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Table 4. Operative treatment  
 
Characteristic Total N=288 
  N(%) 
Definitive Initial Operation   
     Yes 136 (47.2) 
     No 152 (52.7) 
Initial Fixation   
     Intramedullary nail 103 (35.8) 
     Splint/Cast  97 (33.7) 
     External fixation 81 (28.1) 
     Plate 4 (1.4) 
     Screws 1 (0.3) 
     Sarmiento 1 (0.3) 
Definitive Fixation   
     Intramedullary nail 216 (75.0) 
     Splint/Cast  41 (14.2) 
     External fixation 15 (5.2) 
     Plate 14 (4.9) 
     Sarmiento 1 (0.3) 
Primary Closure   
     Yes 254 (88.2) 
     No 26 (9.0) 
     Not reported 8 (2.8) 
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Table 5. Complications 
 

 

Total 
N=288 
N(%) 

N=36 
  

 
N=173 

 

 
N=64 

 
N=13 

 
N=2 

Gustilo-Anderson Classification  I II IIIA IIIB IIIC 

Nonunion 20 (6.9) 1 (2.8) 8 (4.6) 8 (12.5) 3 (23.1) 0 (0) 
Reoperation 18 (6.3) 0 (0) 7 (4) 6 (9.4) 4 (30.8) 1 (50) 
Superficial infection  17 (5.9) 0 (0) 15 (8.7) 2 (3.1) 0 (0) 0 (0) 
Deep infection 10 (3.5) 0 (0) 2 (1.1) 3 (4.7) 4 (30.8) 1 (50) 
Malunion 9 (3.1) 0 (0) 6 (3.5) 2 (3.1) 1 (7.7) 0 (0) 
Delayed wound healing 5 (1.7) 0 (0) 1 (0.6) 1 (1.6) 3 (23.1) 0 (0) 
Implant failure 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Other 4 (1.4) 0 (0) 1 (0.6) 3 (4.7) 0 (0) 0 (0) 
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Table 8. Return to work 
 
Characteristic Total N=288 

N (%) 
Time to return to work 
    6 weeks 15 (5) 
    12 weeks 41 (15) 
    26 weeks 150 (58) 
    52 weeks 211 (82.2) 
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Table 7. SF-12 Physical Component Score (PCS) multivariate linear regression output 
 

Variable 
Point 
Estimate P Value 95% CI 

Age -0.01 0.72 (-0.08 - 0.05) 
BMI -0.08 0.53 (-0.32 - 0.17) 
Diabetes  

   
     Yes -- -- -- 
     No 1.7 0.42 (-2.5 - 5.9) 
     Unknown 6.1 0.22 (-3.6 – 15.9) 
Mechanism of Injury  

   
     Road traffic incident -- -- -- 
     Fall -0.65 0.70 (-3.9 - 2.6) 
     Crush injury 0.9 0.76 (-4.9 - 6.7) 
     Firearm injury 1.7 0.45 (-2.7 – 6.1) 
     Other injury method 3.8 0.12 (-1.0 - 8.6) 
Gustilo-Anderson Classification     
      GA Type I -- -- -- 
      GA Type II -0.43 0.75 (-3.1 - 2.2) 
      GA Type IIIA -0.61 0.70 (-3.7 - 2.5) 
      GA Type IIIB -6.4 0.01 (-11.1 - -1.8) 
      GA Type IIIC -20.7 0.00 (-30.2 - -11.2) 
Initial Fixation  

   
     Intramedullary nailing -- -- -- 
     External fixation -3.2 0.01 (-5.5 - -0.8) 
     Plate 0.18 0.96 (-6.5 - 6.8) 
     Cast only -2.1 0.06 (-4.3 - 0.1) 
     Screws  -9.3 0.14 (-21.9 – 3.1) 
     Sarmiento -0.03 0.95 (-12.6 – 12.5) 
*Categorical variables have their comparator variable listed in parentheses 
**Baseline levels are marked with “--" 
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Table 8. SF-12 Mental Component Score (MCS) multivariate linear regression output 
 
Variable Point Estimate P Value 95% CI 
BMI -0.12 0.43 (-0.43 - 0.18) 
Drinks Alcohol    
     No -- -- -- 
     Yes -1.3 0.23 (-3.3 - 0.79) 
Smoking Status       
     Yes -- -- -- 
     Former smoker 2.2 0.16 (-0.9 – 5.4) 
     Never smoker 3.5 0.01 (0.74 – 6.3) 
Insurance Type       
     Private -- -- -- 
     Government insurance -0.54 0.72 (-3.6 - 2.5) 
     Uninsured 2.0 0.24 (-1.2 – 5.2) 
Mechanism of Injury       
     Road traffic incident -- -- -- 
     Fall 0.26 0.90 (-4.0 - 4.5) 
     Crush injury 2.6 0.78 (-6.5 – 8.6) 
     Firearm injury -8.5 0.006 (-14.4 - -2.5) 
     Other injury method 1.2 0.66 (-4.2 – 6.5) 
OTA Class    
     OTA arterial, wound, bone loss - score 1 -- -- -- 
     OTA arterial – score 2 1.3 0.65 (-4.5 - 7.2) 
     OTA arterial – score 3 -16.5 0.02 (-30.5 - -2.6) 
     OTA wound – score 2 0.32 0.78 (-1.9 - 2.6) 
     OTA wound – score 3 -2.7 0.26 (-7.2 – 1.9) 
     OTA bone loss – score 2 -2.4 0.28 (-6.8 - 1.9) 
     OTA bone loss - score 3 -1.4 0.76 (-10.6 - 7.7) 
Hours from Injury to Surgery  0.01 0.42 (-0.01 – 0.001) 
Hours from Injury to Hospital -0.07 0.01 (-0.1 - -0.02) 
Initial Fixation       
     Intramedullary nail -- -- -- 
     External fixation -3.0 0.04 (-5.8 - -0.76) 
     Plate 5.8 0.12 (-1.9 - 13.12) 
     Cast only -1.5 0.28 (-4.4 - 0.67) 
     Screws  2.5 0.72 (-11.4 - 16.5) 
     Sarmiento -0.61 0.93 (-14.5 - 13.2) 
*Categorical variables have their comparator variable listed in parentheses 
**Baseline levels are marked with “--" 
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Abstract 
Background: An increasing number of traumatic injuries in low- and low-middle-income 
countries (LICs/LMICs) have coexisting injuries requiring soft-tissue coverage (flaps). Yet, there 
is a lack of subspecialty care and flap training in Latin America. This study assesses the 
effectiveness of a surgical skills training course in improving rotational and free flap knowledge 
and identifies barriers these types of flaps. 
 
Materials and Methods: Participants attending a surgical skills training course in Guadalajara, 
Mexico completed a pre/post-course flaps knowledge survey consisting of 15 questions from the 
plastic surgery in-training examination and also completed a 7-point Likert survey regarding 
perceived barriers to performing flaps at their institution.  
 
Results: Of the course participants, 17 (44.7%) completed the pre-course knowledge survey, 24 
(63.2%) completed the post-course survey, and 37 (97.4%) completed the barriers survey. Scores 
improved from pre- to post-course knowledge surveys (39.6% to 53.6%, p=.005). Plastic surgery 
subsection scores also improved (39.0% to 60.4%, p=.003). Twenty-five percent of attendees 
received prior flap training and had plastic surgeons available to perform flaps. Few participants 
(38.9%) reported flap procedures being commonly completed at their hospitals. Participants 
stating that flaps were uncommon in their hospital reported more institutional barriers and less 
access to dermatomes. These participants also reported lack of operating room and surgical 
personnel availability. 
 
Conclusion: A surgical skills training course may be useful in improving knowledge of soft-
tissue coverage procedures. There are also modifiable physician and institutional barriers that 
can improve the ability to perform rotational and free flaps as identified by the course 
participants. 
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Introduction 
Musculoskeletal injuries are a major cause of global morbidity and mortality, with rates of 
extremity injuries in low- and low-middle-income countries (LMICs) exceeding those of high-
income countries (HICs) 2 to 5-fold.1,2 Lower extremity fractures are among the top nonfatal 
injuries sustained globally, and a significant amount of these injuries in LMICs present with soft-
tissue injuries requiring muscle flaps or skin grafts.3,4 Further adding to the burden of disease, 
despite the status of many Latin American countries as middle- to upper-middle income 
countries, there is still an unequal distribution of wealth in these countries, predisposing a 
significant proportion of their populations to medical conditions normally found in countries 
with lower GDPs.5 Failure to properly manage soft-tissue injuries leads to an increased risk of 
infection and amputation, while implementation of appropriate soft-tissue management allows 
for adequate wound closure and reduced rates of nonunion.6  
 
Multidisciplinary treatment is often required for successful management of fractures with 
accompanying soft-tissue defects, but LMICs face limited access to specialty care.1,7 For this 
reason, there exists a strong need for more training, particularly as it pertains to soft-tissue 
coverage techniques. Knowledge exchange and training courses conducted by HIC specialists 
who can teach local professionals is a suggested method to build surgical capacity.8-10 Training 
local orthopaedic surgeons in locations where there is little surgical subspecialist care may be a 
solution to promote complex soft-tissue defect management in LMICs,11-13 and the Surgical 
Management and Reconstructive Training (SMART) course is one such approach that teaches 
orthopaedic surgeons the principles of soft-tissue reconstruction and complex fracture 
management.10 The curriculum emphasizes lower extremity soft-tissue coverage (flaps) that can 
be performed without microvascular surgery.4,14 A follow-up study of a recent SMART course 
showed that course attendees report increased confidence in and competency of plastic surgery 
techniques when performing muscle flaps, as well as a 93% self-reported success rate of flap 
surgeries performed post-course.4,15  
 
Despite SMART courses delivering potentially promising outcomes, many participants from 
LMICs have difficulty applying the course concepts in actual practice. Local resource constraints 
and pedagogical issues, among other barriers, may be responsible for attendees unsuccessfully 
implementing their newly acquired knowledge. A SMART course was recently completed in 
Mexico, a country in which the open tibia fracture annual incidence may be as high as 50,000 per 
year16 for surgeons in Latin America. Based on prior studies, we hypothesized that the SMART 
course would aid in knowledge acquisition and retention in a cohort of Latin American surgeons 
and that multiple barriers exist to performing flaps including resource limitations and lack of 
extensive surgical training. We thus completed a survey of SMART course participants in order 
to assess knowledge acquisition and to identify barriers to performing soft-tissue reconstruction.  
 
Materials and Methods 
The inaugural 2019 SMART course in Latin America was similar to prior courses in Nepal, 
Tanzania, and San Francisco and consisted of didactics, case-based discussions, and video 
review of cadaver dissections.4,14,15,17 This study was supported by the Federación Mexicana de 
Colegios de Ortopedia y Traumatología (FEMECOT) and approved as exempt by the 
institutional review board of the University of California, San Francisco. 
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Soft-tissue coverage knowledge survey 
A soft-tissue coverage knowledge survey was developed from retired United States plastic 
surgery in-training examination questions with the input of a fellowship trained plastic surgeon 
and two trauma fellowship trained orthopaedic surgeons. The survey consisted of 15 questions, 
with half of the questions pertaining to plastic surgery and lower extremity flap procedures, and 
the other half pertaining to orthopaedic surgery and management of lower extremity open 
fractures with soft-tissue defects. The survey was translated into Spanish and physical copies 
were provided to the participants for the pre- and post-course assessment.  
 
Barriers to performing soft-tissue coverage procedures survey 
Investigators developed a survey based on the existing literature18-20 and the expert opinions of 
SMART course faculty and local FEMECOT partners. The survey utilized a 7-point Likert scale 
to assess participant familiarity with flaps, performance of these procedures in their hospital, 
confidence in performing flaps, and physician, institution, and patient barriers to carrying out 
flaps. The Likert scale was 7-points (1 = Strongly Disagree, 2 = Disagree, 3 = Slightly Disagree, 
4 = Neutral, 5 = Slightly Agree, 6 = Agree, 7 = Strongly Agree). The survey was also translated 
into Spanish and completed by course participants during the four-day course. Participant 
subgroups were identified a priori to assess confidence and barriers to performing flap 
procedures. These groups included participants having received previous flap training, those 
stating that flaps were commonly performed in their hospital, and those stating that their prior 
training was adequate. 
 
Statistical analysis 
Descriptive statistics are reported to summarize participant knowledge survey and barriers 
survey responses. An unpaired, one-sided Student t test was used for assessment of average 
knowledge score between pre- and post-test groups. For the flap barriers survey, an unpaired, 
two-sided Student t test was used for assessment of continuous data and Pearson’s Chi-Squared 
test for categorical data. All data analysis was completed using STATA SE v15.0 (STATACorp, 
College Station, TX) with significance set to p<.05. 
 
Results 
The SMART course consisted of 38 participants from three Latin American countries with the 
majority from Mexico (89.9%) and the others from Cuba (5.6%) and Venezuela (5.6%). No 
participant had previously attended a SMART course. The majority were male (94.6%), 
orthopaedic surgeons (91.2%), and fellowship trained in orthopaedics and musculoskeletal 
trauma (62.2%). Few participants (25%) stated that plastic surgeons are readily available to 
perform flaps in their hospital, and few (25%) had received any prior flap training. Flaps were 
reported as uncommonly performed in most hospitals (61.1%). While the majority of participants 
do not have dermatomes readily available (66.7%), the majority reported access to humby knives 
(88.2%). Participants most commonly cited physician (39.4%) or institutional issues (36.4%) as 
being the most important barriers (Table 1). 
 
Knowledge survey results 
Overall, participants performed significantly better on the post-course survey compared with the 
pre-course survey, with scores improving from 39.6% ± 15.9 to 53.6% ± 17.1 (p=.005). 
Participants also performed significantly better on the plastics component of the survey, with 
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pre-course and post-course scores improving from 39.0% ± 22.5 to 60.4% ± 24.4 (p=.003). 
Participants improved on the orthopaedics component of the survey from 40.3% ± 15.3% to 
45.8% ± 22.2% (p=.1777) (Figure 1). 
 
Barriers survey results 
Nearly half of all participants did not agree that they successfully treat flap complications 
(48.2%), and the majority did not agree that they felt comfortable designing the correct flap for a 
patient in need of soft-tissue coverage (51.9%). Similarly, more than half of participants did not 
agree that they commonly use flaps for Gustilo-Anderson Type IIIB open tibia fractures (54.5%). 
Participants consistently found that institutional issues were significant barriers to performing 
flaps, with numerous participants either disagreeing or strongly disagreeing that their institution 
supports orthopaedic surgeons performing flap procedures (34.4%). Similarly, many either 
disagreed or strongly disagreed to feeling appropriately compensated for performing flaps 
(48.4%) and having enough operating room (OR) time (23.6%) and surgical personnel 
availability (29.4%). A number of participants also disagreed or strongly disagreed that their 
hospital had enough resources for post-operative flap care (23.6%) (Figure 2). 
 
There were no significant differences found regarding participant attitudes toward any barriers 
between participants with prior flap training versus those without. Participants’ confidence in 
designing a flap was significantly lower among participants stating that flaps were uncommonly 
completed at their hospital (3.8 vs. 5.3, p=.050). Availability of dermatomes was also reported to 
be lower in this group (12.5% vs. 57.1%, p=.010), and greater numbers of these participants 
reported that they lack peer support (3.3 vs. 6.0, p<.001), institutional support (3.2 vs. 4.9, 
p=.038), operating room availability (3.9 vs. 6.1, p=.002), and surgical personnel availability (3.3 
vs. 5.7, p=.029). Lastly, this group reported lack of sufficient hospital resources for post-
operative flap care (3.9 vs. 5.5, p=.029) (Table 2). Those with inadequate prior flap training 
reported feeling less confident in treating flap complications (4.1 vs. 6.0, p=.027), choosing the 
correct flap (4.2 vs. 6.2, p=.022), and correctly designing a flap (4.0 vs. 6.0, p=.0141). They also 
reported less common use of soft-tissue coverage/flaps for Gustilo-Anderson Classification type 
IIIB fractures (3.4 vs. 5.8, p=.010) (Table 2). 
 
Discussion 
In this study, we report the results of a survey of Latin American participants attending an 
orthopaedic and soft-tissue coverage procedure surgical training course in Mexico. Among 
attendees, there was improved immediate post-course knowledge of soft-tissue coverage 
procedures, particularly pertaining to plastic surgery. We identified several barriers to 
performing flaps including lack of plastic surgeon availability, inadequate training, lack of 
dermatome access, poor institutional and peer support, and constrained hospital resources for 
post-operative flap care. 
 
Our findings are consistent with prior literature from lower resourced environments, 
demonstrating a lack of personnel with surgical technical expertise, requisite equipment, and 
institutional support in order to perform soft-tissue coverage procedures. A recent systematic 
review identified that key barriers to surgical care included lack of local resources, surgical 
expertise, and costs related to care.7 More specific to plastic surgery, a study from Nepal 
similarly identified a lack of plastic surgery surgical equipment, surgical specialists, and 
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necessary structure and training for plastic surgeons.8  A similar survey study from Vietnam 
found that respondents reported a lack of surgical supplies, sufficient training, and prohibitive 
treatment costs.19 Finally, physicians in South Africa, an upper-middle income country, note that 
they, too, do not have enough plastic surgeons to meet the increasingly large amount of lower 
extremity trauma. The report from South Africa advocates for training orthopaedists in soft-
tissue coverage procedures in settings where it may be challenging to rapidly scale the plastic 
surgery workforce.11  
 
Orthopaedic training programs in LMICs have already been noted in the literature to be cost-
effective measures for treating the large volume of musculoskeletal trauma. Grimes et al. found 
that an orthopaedic clinical officer training program in Malawi cost $92 per DALY averted, 
which is dramatically less costly than other common global health interventions such as anti-
retroviral therapy for HIV or Malaria.21-23 Similarly, in Haiti, a training program for orthopaedic 
fellows had a cost of only $133.97 per DALY averted.24 It stands to reason that training 
orthopaedic surgeons in performing flap procedures in LMICs may be similarly cost-effective as 
other plastic surgery interventions. For example, across various LMICs, cleft lip and palate 
surgery costs from as little as $15 to $96 per DALY averted.25,26  
 
The SMART course model is potentially efficacious in scaling up orthopaedic surgeon skills in 
performing flaps.4,15 These courses may have an additional knock-on effect by which surgeons 
will gain the skills to not only perform flap procedures, but also to teach such procedures to their 
peers. As many of the participants felt they lacked peer and institutional support to perform flap 
procedures, the SMART course may be a potential way to address these barriers. Participants 
may be able to act as local champions for flap completion at their institution by utilizing their 
new skills and providing evidence that flaps are feasible in resource limited settings.27-31  
 
This study has several limitations. The knowledge surveys are an unvalidated tool for evaluating 
flap knowledge, and they do not assess long-term knowledge acquisition and retention. A longer 
follow-up period to assess knowledge retention would be valuable for assessing long-term course 
efficacy. The knowledge surveys were also not individually identifiable to maintain participant 
confidentiality. This resulted in unequal participation in the pre- and post-course surveys, which 
affected the type statistical analysis employed. However, the results are consistent with prior 
SMART course data demonstrating efficacy in improving post-course knowledge survey 
scores.15 This study has a small sample size, and its findings may not be generalizable. Course 
attendees may have been more likely to attend given their lack of flap training thus identifying 
barriers that may not be perceived by surgeons at large. Last, the barriers survey is an 
unvalidated instrument, and it may not capture all barriers to performing flaps among this cohort. 
 
Nonetheless, this is the first study we are aware of to report on the barriers to performing soft 
tissue coverage procedures among Latin American surgeons. We identify that many surgeons 
receive inadequate flap training and that a surgical skills training course may be an effective way 
to improve knowledge of these procedures. Furthermore, we identify cost-effective ways to 
overcome local barriers including increasing dermatome access, improving institutional and peer 
support, and providing adequate resources for post-operative flap care. In addressing these 
barriers, Mexican orthopaedic and plastic surgeons may begin reducing the morbidity of patients 
with severe lower extremity traumatic injuries. 
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Figure 1. Average overall knowledge surveys scores with average score in plastics and 
orthopaedics subdomains before the SMART course and increase in post-course average score. 
*Statistically significant increase in average score, p<.05. 
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Figure 2. Participant response rate to Likert-scale barriers survey questions based on percentage 
of responses among overall course group. 
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Table 1. Course participant characteristics 

 N = 37 (%)* 
Male 35 (94.6) 
Surgeon type  
     Orthopaedic 34 (91.2) 
     Plastic 2 (5.4) 
     General 1 (2.7) 
Practice country  
    Mexico 32 (88.9) 
    Cuba 2 (5.6) 
    Venezuela 2 (5.6) 
Completed fellowship  
    Musculoskeletal trauma 23 (62.2) 
    Hand surgery 5 (13.5) 
    Plastics 2 (5.4) 
    General trauma 7 (18.9) 
Plastics surgeons readily available  9 (25.0) 
Previous flap training 9 (25.0) 
        Prior training was adequate 7 (36.8) 
Flaps commonly done 14 (38.9) 
Regularly perform following flaps  
        Split-thickness skin graft 16 (45.7) 
        Rotational muscle flap 11 (35.5) 
        Free flap 4 (14.3) 
Dermatomes readily available  10 (33.3) 
Humby knives readily available 30 (88.2) 
Most common treatment for 3B fractures☨  
        Negative Pressure Wound Therapy 15 (45.5) 
        Refer to plastic surgery 8 (24.2) 
        Split-thickness skin graft 4 (12.1) 
        Refer to another center 2 (6.1) 
        Saline dressings 1 (3.0) 
Most important barriers  
        Physician 13 (39.4) 
        Institution 12 (36.4) 
        Patient 8 (24.4) 
*Not all question had complete responses  
☨3B (Gustilo-Anderson Classification type 3B open tibia fractures) 
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Table 2. Sub-group analysis of barriers to soft-tissue coverage procedures 

Flaps are commonly done in my hospital Yes (Mean)* SD No (Mean)* SD P Value 
I am comfortable designing the correct flap 5.3 2.1 3.8 1.6 0.050 
My peers help me with flaps when necessary 6.0 1.6 3.3 1.9 <0.001 
My institution supports ortho surgeons doing flaps 4.9 2.1 3.2 2.3 0.038 
Financial compensation for flaps is appropriate 3.4 1.9 2.7 1.6 0.228 
There is enough OR availability to do flaps 6.1 1.6 3.9 2.1 0.002 
There is enough personnel availability to do flaps 5.7 1.8 3.3 1.8 <0.001 
There are enough hospital resources for post-op flap care 5.5 1.7 3.9 2.2 0.029 
Previous flap training was adequate Yes (Mean)* SD No (Mean)* SD P Value 
I successfully treat flap complications 6.0 1.1 4.1 1.7 0.027 
I am comfortable choosing the correct flap 6.2 1.2 4.2 1.6 0.022 
I am comfortable designing the correct flap 6.0 1.3 4.0 1.6 0.014 
I most commonly use flaps for 3B patients 5.8 1.3 3.4 1.7 0.010 
*Weighted mean using a 7-pt Likert-�����;���������������������������������������������������������������������������������������������
���������������� 
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Abstract 
Background: Argentina is a country with varying access to orthopaedic surgical care. The 
Argentine Association of Trauma and Orthopaedics (AATO) “Interior Committee” was 
developed to address potential regional differences and promote standardization of orthopaedic 
trauma care. The paper assesses the level of national standardization of the management of open 
tibia fractures across 9 provinces in Argentina. 
 
Materials and Methods: Utilizing a matched-comparison group design, management of these 
injuries were assessed and compared between 3 groups: an “AATO Exterior Committee” 
consisting of surgeons that practice in Buenos Aires, and two “Interior Committees”, comprising 
surgeons that practice in outlying provinces, 1 of which is affiliated with the AATO, and 1 that is 
not affiliated with the AATO. The study was conducted in 2 phases: phase 1 assessed open tibia 
fracture management characteristics, and phase 2 evaluated the management of soft-tissue wound 
coverage following open fractures. 
 
Results: Soft-tissue coverage procedures for Gustilo Anderson Type IIIB fractures were more 
commonly performed by orthopaedic surgeons in Interior Committees than the AATO Exterior 
Committee. Greater rates of definitive wound coverage within 7 days post-injury were reported 
in both Interior Committees compared to the Exterior Committee. Plastic surgeons were reported 
as more available to those in the AATO Exterior Committee group than in the AATO Interior 
Committees.  
 
Conclusion: While treatment patterns were evident among groups, differences were identified in 
the management and timing of soft-tissue coverage in GA Type IIIB fractures between Exterior 
Committee and both Interior Committees. Future targeted educational and surgical hands-on 
training opportunities that emphasize challenges faced in resource-limited settings may improve 
the management of open tibia fractures in Argentina. 
 
 
  



 

Introduction 
Globally, trauma represents the leading cause of morbidity and mortality in patients younger than 
40 years of age,1 with musculoskeletal injuries, such as open fractures, most commonly 
contributing to significant disability.2,3 Open tibia fractures are common injuries that require 
specialized surgical care and soft-tissue wound coverage treatment.4–7 In particular, these injuries 
bear a disproportionate burden of musculoskeletal disease in low-and middle-income countries 
(LMICs), predominantly in Latin America, due to high rates of road traffic injuries.8,9  
 
Argentina, similar to other Latin American countries, has varying access to orthopaedic surgical 
��������������������������;���� Level I trauma hospitals are mostly concentrated in larger urban 
centers and its capital, Buenos Aires. In contrast, more resource-limited lower-level trauma 
centers are in the peripheral provinces with smaller, rural cities. Unequal access to care may 
occur, in large part, due to disparities in resource allocation between provinces.10–12 In an effort 
to address potential regional differences, the Argentine Association of Trauma and Orthopaedics 
(AATO), developed an “Interior Committee,” comprising orthopaedic surgeons that practice in 
outlying provinces across Argentina. The Interior Committee sought to promote national 
standardization of orthopaedic trauma care to achieve best practices.  
 
This paper assesses the management of open tibia fractures across provinces in Argentina and 
provides insight into the level of standardized treatment of a challenging musculoskeletal injury. 
The findings may be used to address disparities in care through educational opportunities and 
further outreach efforts. 
 
Materials and Methods 
Argentinian orthopaedic surgeons who treat open tibia fractures were invited to participate in the 
study. These surgeons consisted of 3 groups. The first group, an “AATO Exterior Committee,” 
included 19 orthopaedic surgeons that practiced in Buenos Aires and who were active members 
of the AATO. The second group included an “AATO Interior Committee” of 20 orthopaedic 
surgeons that practiced in provinces outside of Buenos Aires and who were active members of 
the AATO. The third group included a “Non-AATO Interior Committee” of 20 orthopaedic 
surgeons that practiced in provinces outside of Buenos Aires and who were not affiliated with 
the AATO. A matched-comparison group design was utilized in this study to reduce confounding 
variables.13 Participants in all 3 groups were selected based on their similar baseline 
characteristics including age, gender, and years in practice to better determine treatment patterns 
and differences across cohorts in Argentina (Table 1). This study was conducted in 2 phases.  
 
Phase 1: Open tibia fracture management 
An initial survey was distributed to orthopaedic surgeons to assess the management of open tibia 
Gustilo Anderson Classification (GA) Type I/II and Type III fractures.14 The 65-question self-
reported survey was designed in Spanish and evaluated the timing and treatment strategies for 
antibiotic prophylaxis, irrigation and debridement, fracture stabilization, and wound 
management. Demographic information including years in practice, specialty training, and 
treatment preferences was also collected. Survey questions were designed based on a review of 
the literature and further evaluated by 3 independent, trauma fellowship-trained orthopaedic 
surgeons. The survey was deemed exempt by the Institutional Review Board at the University of 
California, San Francisco. 



 

 
Phase 2: Management of soft-tissue wound coverage 
Based on the responses from the phase 1 survey, a second survey was distributed to the same 
orthopaedic surgeon-participants. This 36-question self-reported survey was designed by 2 
independent microvascular fellowship-trained orthopaedic and plastic surgeons. The survey 
evaluated their management of wound coverage following open fractures and queried the 
availability of wound care and operating room resources. The survey was deemed exempt by the 
local Institutional Review Board. 
 
Statistical Method  
The data were analyzed using Fisher exact tests with P=.05 as the significance level to assess for 
significant differences in treatment techniques between the 3 cohorts. Analysis was conducted 
using STATA SE Version 17 (StataCorp).  
 
Results  
Demographic information 
The phase 1 and phase 2 surveys were completed by 59 orthopaedic surgeons, representing 9 
provinces across Argentina: Buenos Aires, Chaco, Córdoba, Chubut, Neuquén, La Rioja, Santa 
Cruz, Santa Fe, and Tucumán (Figure 1). Overall, 95% of the participants were male with a mean 
age of 40.5 years and 45% of participants held a resident-teaching position. All participants 
(100%) completed residency training of which 42 (72%) were fellowship-trained. When 
stratified by groups, the AATO Exterior Committee group had a higher percentage of fellowship-
trained colleagues than the Non-AATO Interior Committee group (95% vs. 45%, P=.001). This 
significant difference in training was also observed between the AATO Interior Committee 
group and the Non-AATO Interior Committee group (78% vs. 45%, P=.048). Practice experience 
ranged among participants, with the most commonly reported timeframe being 6 to 10 years 
(32%). Less than half (41%) of the participants had received soft-tissue coverage training in 
some capacity, either through formal training or mentorship from a colleague. The majority of 
survey participants (88%) most commonly treated between 0 and 10 open tibia fractures annually 
(Table 2).  
 
Phase 1: open tibia fracture management 
In phase 1, all 3 groups demonstrated consistent treatment protocols for GA Type I/II fractures 
regarding irrigation and debridement, fracture stabilization, wound closure, and antibiotic 
prophylaxis (Table 3). Most of the AATO Exterior Committee (95%), AATO Interior Committee 
(100%), and Non-AATO Interior Committee (100%) groups performed operative irrigation and 
debridement within 24 hours of injury. Further, the AATO Exterior Committee, AATO Interior 
Committee, and Non-AATO Interior Committee most commonly utilized delayed internal 
fixation for fracture stabilization (84% vs. 85% vs. 90%) and opted for primary wound closure 
(95% vs. 100% vs. 95%), respectively. In addition, most participants across all groups 
administered antibiotics within 3 hours of hospital presentation (74% vs. 70% vs. 65%). 
 
A statistically significant difference was identified, however, in the performance of soft-tissue 
coverage procedures by orthopaedic surgeons for GA Type IIIB fractures between the AATO 
Exterior Committee and the AATO Interior Committee (0% vs. 35%, P=.004) groups. This 



 

discrepancy was also observed between the AATO Exterior Committee group and the Non-
AATO Interior Committee group (0% vs. 50%, P<.001).  
 
Phase 2: management of soft-tissue wound coverage 
All groups commonly reported patient arrival to the operating room within a 6-hour timeframe. 
Regarding soft-tissue coverage timing between the AATO Exterior Committee and the AATO 
Interior Committee, the latter group reported greater rates of definitive wound coverage within 7 
days (32% vs. 74%, P=.009). This difference was also identified between the AATO Exterior 
Committee group and the Non-AATO Interior Committee group (32% vs. 75%, P=.007).  
 
Moreover, the AATO Exterior Committee group more commonly reported plastic surgeons as 
the primary providers for soft-tissue coverage flaps in comparison to the Non-AATO Interior 
Committee group (74% vs. 40%, P=.043). In addition, plastic surgeons were reported as more 
available to those in the AATO Exterior Committee group than in the AATO Interior Committee 
group (84% vs. 35%, P=.005). This was also evident between the AATO Exterior Committee 
group and the Non-AATO Interior Committee group (84% vs. 30%, P=.003) (Table 4). No 
significant differences existed in the number of orthopaedic surgeons who received soft-tissue 
training among the AATO Exterior Committee (42%), the AATO Interior Committee (45%), and 
the non-AATO Interior Committee (35%) groups.  
 
Regarding wound care and operating room resources, a needs analysis showed that most 
institutions have access to Negative Pressure Wound Therapy (85%). Other instruments, such as 
wall suction outside the operating room (42%), Humby blades, and other manual blades for 
harvesting skin graft (37%) were less common. Microsurgery instruments (15%), skin graft 
meshers (13%), and handheld dopplers (12%) were the least accessible resources. Further, 
occlusive dressings were most commonly available in the operating room (85%), with less than 
half of the participants (45%) citing access to saline-moistened sterile gauze dressings and anti-
microbial dressings (28%), including antibiotic ointments and betadine/iodine-based dressings 
(Table 5). Finally, for lower extremity wounds with exposed bone that cannot primarily be 
closed, participants in all 3 groups reported performing muscle flaps most commonly for 
proximal third and middle third defects. Regarding a lower extremity distal third defect, 
participants in the Exterior Committee and the AATO Interior Committee most commonly 
performed fasciocutaneous flaps, and the Non-AATO Interior Committee most frequently used 
direct wound care (Figure 2). 
 
Discussion 
This study evaluated the management of open tibia fractures between surgeons affiliated and 
non-affiliated with the national orthopaedic and traumatology society (AATO) throughout nine 
Argentinian provinces. The Interior Committee was developed by the AATO to promote national 
standardization of orthopaedic trauma care across Argentina. Common reasons for nonstandard 
management of these musculoskeletal injuries in LMICs include limited resources, level of 
surgeon expertise, knowledge deficits, and lack of specialized training.15–18 Educational courses 
are offered at the annual AATO conference on a variety of topics in orthopaedic trauma, 
including the management of open tibia fractures, and the type and timing of soft-tissue 
coverage. Soft-tissue wound coverage surgical techniques, however, have not been specifically 
targeted.  



 

 
Though the Non-AATO Interior Committee had potential for inconsistent reporting given its 
greater geographic separation and non-affiliated status with the AATO, as well as lower rates of 
fellowship-trained colleagues, there were more similarities than differences in the management 
of open tibia fractures reported across all study groups. Many of the results in this study are 
consistent with treatment patterns previously identified across Latin America, particularly 
pertaining to timing of antibiotic administration, irrigation and operative debridement, and 
utilization of delayed internal fixation and primary closure.19,20 In these aspects, the Argentinian 
orthopaedic surgeon groups demonstrate standardization in the management of open tibia 
fractures. Yet, differences in the management of soft-tissue defects in GA Type IIIB fractures 
were evident between the orthopaedic surgeons based in the urban group (AATO Exterior 
Committee), and those in more remote settings (AATO and Non-AATO affiliated Interior 
Committees).  
 
Notably, the AATO Exterior Committee reported performing soft-tissue coverage less frequently 
within a 7 day post-injury standard than the Interior Committee surgeons.21–24 The AATO 
Exterior Committee also reported having more access to plastic surgeons at their institutions, in 
contrast to the AATO and Non-AATO Interior Committee groups that cited a lack of available 
plastic surgeons to provide definitive coverage. This discrepancy in access to multidisciplinary 
management is well-documented in LMICs worldwide.15,16,18,25–27 This might also be observed in 
resource-rich countries, and merits further evaluation. The reported increased delay to definitive 
coverage by the AATO Exterior Committee surgeons seems counter-intuitive, as greater access 
to specialist coverage should likely lead to fewer delays to definitive soft-tissue coverage. One 
possible explanation for these findings is that despite access to plastic surgeons, reliance on their 
availability may result in greater delays relative to timelier coverage performed by orthopaedic 
surgeons. Further examination into the reasons for these differences in coverage treatment and 
timing is necessary. 
 
With only 40% of participants having had training in soft-tissue reconstruction and the lack of 
specialized care in more rural provinces, there is a need for Argentinian orthopaedic surgeons 
with this specialized skill. In addition, of 17 wound care and operating room resources, Negative 
Pressure Wound Therapy was the only resource that was reported available to more than half of 
the participants (85%). Given most of the participants’ limited resources and lack of soft-tissue 
specialists, particularly for Interior Committee groups, a phase 3 study to create a specific 
didactic and hands-on wound coverage technique course could improve open tibia fracture 
management and treatment standardization.28 Previous studies in LMICs have reported on the 
efficacy of such courses, including improving patient outcomes and reducing long-term 
disability. These courses educate orthopaedic surgeons on the basic principles and techniques of 
open fracture management and lower extremity flap reconstruction procedures, with an emphasis 
on challenges faced in resource-limited settings.16,29,30 Improvement in competency scores, skill 
acquisition, and comfort in performing rotational and free flaps have been documented as a result 
of these courses.  
 
To our knowledge, this study is the first to evaluate the level of standardization of open tibia 
fracture management across Argentina’s diverse resource settings. The Interior Committee is an 
effective method that can be used as a model by other national professional societies interested in 



 

developing best practice protocols in resource-limited environments. The results of this study can 
help to advocate for better allocation of wound care resources, operative personnel, and hands-on 
training opportunities needed to improve care for patients with musculoskeletal injuries. 
 
This study has several limitations. This 2-phase study was conducted through self-reported 
assessments, potentially allowing for participants to respond to the perceived optimal treatment 
standards, rather than those practiced. The sample size is small and represents 9 of 23 provinces 
across Argentina. Nevertheless, the 9 provinces represented in the study were socioeconomically 
diverse,31 equally spread geographically across the country, and demonstrated fairly uniform 
treatment patterns. Study participants were also selected by the authors to match age, gender, and 
years in practice among groups, and thus, were subject to selection bias. However, matching 
variables a priori is a standard method for the match-comparison study design and allowed for a 
clearer examination of treatment preferences and differences across a diverse landscape.  
 
Additionally, there may have been differences in the way the participants classified GA Type 
IIIB fractures, as this classification system was not specifically reviewed with the participants, 
and it has been shown to have only moderate agreement among surgeons.32 Nevertheless, the GA 
classification is the most commonly used system in Argentina and GA Type IIIB injuries are a 
smaller subset of injuries that involve extensive soft-tissue damage.14 Finally, this study focused 
on treatment patterns and not related patient outcomes. Treatment outcomes secondary to 
differences in practices is a subject that warrants future investigation. 
 
In summary, the formation of an Interior Committee by the AATO sought to improve the quality 
of musculoskeletal care in Argentina. A difference in the use of soft-tissue coverage following 
GA Type IIIB fractures was identified between the orthopaedic surgeons in the Exterior 
Committee and Interior Committee groups, with the latter performing these procedures more 
often and in a timelier manner (<7 days). Further investigation behind the reason for this 
discrepancy in treatment is necessary. Future targeted surgical educational interventions that 
emphasize challenges faced in resource-limited settings may improve the management of open 
tibia fractures, representing a potential area for examination.  
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Figure 1. Map of survey participants by province in Argentina 



Figure 2. Orthopaedic surgeons’ preferences for soft-tissue management of lower extremity 
proximal third, middle third, and distal third defects, stratified by groups 
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Table 1. Characteristics of matched cohorts 

 
 
 
  

 AATO Exterior 
Committee (n=19) 

AATO Interior 
Committee (n=20) 

Non-AATO Interior 
Committee (n=20) 

Total     
Mean age 
Gender (male) (%) 

40.1 
94.7 

40.3 
95 

41 
95 

Years in practice (mean) 10.6 10.3 10.4 



 

Table 2. Demographic data of survey respondents 
 

 Total N (%) 
 59 (100) 
Male 56 (95) 
Years in practice  
0-5 14 (23.7) 
6-10 19 (32.2) 

       11-15 17 (28.8) 
       16-20 7 (11.9) 
       >21  2 (3.4) 
Residency training 59 (100) 
Fellowship in ortho trauma or plastic surgery 42 (72.4) 
Practice setting  
Combination 25 (42.4) 
Private practice 24 (40.7) 
Public practice 7 (11.9) 
Academic practice 3 (5) 

Supervise Residents 27 (45.8) 
Received soft-tissue training? 24 (40.7) 
Number of open tibia fractures personally treated 
each year 

 

        0-10 51 (87.9) 
        11-20 7 (12.1) 
*Various data not reported by all respondents 

 

  



 

Table 3. Comparison of orthopaedic surgeons’ management of open tibia fractures 

 

*Tests of significance completed with Fisher’s exact test (⍺ = 0.05) 

 
  

  
AATO 
Exterior 
Committee  
n (%) 
 

 
AATO 
Interior 
Committee 
n (%) 

 
P Value 

 
AATO 
Exterior 
Committee  
n (%) 

 
Non-AATO 
Interior 
Committee 
n (%) 

 
P Value 

 
AATO 
Interior 
Committee 
n (%) 

 
Non-AATO 
Interior 
Committee 
n (%) 

 
P Value 

Total  19 (100) 20 (100)  19 (100) 20 (100)  20 (100) 20 (100)  

Irrigation and 
Debridement 

         

Average time to 
operative 
debridement 

         

       <24 hours 18 (94.7) 20 (100) 0.487 18 (94.7) 20 (100) 0.487 20 (100) 20 (100) 1 
       >24 hours 1 (5.3) 0  1 (5.3) 0  0 0  

Fracture 
Stabilization 

         

Utilize primary 
versus delayed 
internal fixation 

         

       Primary 3 (15.8) 3 (15) 1 3 (15.8) 2 (10)  3 (15) 2 (10) 1 
       Delayed 16 (84.2) 17 (85)  16 (84.2) 18 (90) 0.661 17 (85) 18 (90)  

Wound Closure          
Utilize primary 
versus delayed 
closure 

         

       Primary 18 (94.7) 20 (100) 0.487 18 (94.7) 19 (95) 1 20 (100) 19 (95) 1 
       Delayed 1 (5.3) 0  1 (5.3) 1 (5)  0 1 (5)  

Antibiotic 
Prophylaxis 

         

Average time to 
antibiotics 

         

       <3 hours 14 (73.7) 14 (70) 1 14 (73.7) 13 (65) 0.731 14 (70) 13 (65) 0.736 
       >3 hours 5 (26.32) 6 (30)  5 (26.3) 7 (35)  6 (30) 7 (35)  

Soft-Tissue 
Coverage 

         

Perform soft-
tissue procedures 
for IIIB fractures     

         

       Yes 0 7 (35) 0.004 0 10 (50) > 0.001 7 (35) 10 (50) 0.337 
       No 19 (100) 13 (65)  19 (100) 10 (50)  13 (65) 10 (50)  



 

Table 4. Comparison of orthopaedic surgeons’ management of soft-tissue coverage following 
open tibia fractures  

*Tests of significance completed with Fisher’s exact test (⍺ = 0.05) 
 
 

  

  
AATO 
Exterior 
Committee  
n (%) 
 

 
AATO 
Interior 
Committee 
n (%) 

 
P Value 

 
AATO 
Exterior 
Committee 
n (%) 

 
Non-
AATO 
Interior 
Committee 
n (%) 
 

 
P Value 

 
AATO 
Interior 
Committee 
n (%) 

 
Non-
AATO 
Interior 
Committee 
n (%) 

 
P Value 

Total  19 (100) 20 (100)  19 (100) 20 (100)  20 (100) 20 (100)  
Average time to provide 
soft-tissue coverage 

         

<7 days 6 (31.6) 14 (73.7) 0.009 6 (31.6) 15 (75) 0.007 14 (73.7) 15 (75) 0.925 
        >7 days 13 (68.4) 5 (26.3)  13 (68.4) 5 (25)  5 (26.3) 5 (25)  
Average time for arrival to 
OR 

         

         <6 hours 13 (68.4) 13 (65) 0.614 13 (68.4) 16 (80) 0.408 13 (65) 16 (80) 0.425 
         6-24 hours 6 (31.6) 6 (30)  6 (31.6) 4 (20)  6 (30) 4 (20)  
         24-48 hours 0 1 (5)  0 0   1 (5) 0  
Who primarily provides 
soft-tissue coverage to 
GA-IIIB fractures? 

         

        Plastic surgeon 14 (73.7) 11 (55) 0.263 14 (73.7) 8 (40) 0.043 11 (55) 8 (40) 0.547 
        Orthopaedic surgeon 5 (26.3) 7 (35)  5 (26.3) 8 (40)  7 (35) 8 (40)  
        No available surgeon 0 2 (10)  0 4 (20)  2 (10) 4 (20)  
Do you have a plastic 
surgeon available at your 
institution? 

         

         Yes 16 (84.2) 7 (35) 0.005 16 (84.2) 6 (30) 0.003 7 (35) 6 (30) 0.765 
         No 1 (5.3) 9 (45)  1 (5.3) 8 (40)  9 (45) 8 (40)  
         Sometimes 2 (10.5) 4 (20)  2 (10.5) 6 (30)  4 (20)  6 (30)  
Have you had soft-tissue 
coverage training? 

         

         Yes 8 (42.1) 9 (45) 0.855 8 (42.1) 7 (35) 0.648 9 (45) 7 (35) 0.519 
         No 11 (57.9) 11 (55)  11 (57.9) 13 (65)  11 (55) 13 (65)  



 

Table 5. Wound care and operating room resources 
 

 Total n (%) 
 59 (100) 
Which OR resources do you have access to?+  
        Negative Pressure Wound Therapy (NPWT or Wound 
VAC) 

51 (85) 

        Wall suction outside the OR 25 (42) 
        Manual blade for harvesting skin grafts (e.g Humby blade) 22 (37) 
        Power dermatome 19 (32) 
        Magnifying loupes 15 (25) 
        Microsurgery instruments 12 (20) 
        Operating microscopes 9 (15) 
        Skin graft mesher 8 (13) 
        Handheld doppler 7 (12) 
Which dressings do you have access to?+  

Occlusive dressing 51 (85) 
Saline-moistened sterile gauze dressing 27 (45) 
Anti-microbial dressing 17 (28) 

What type of anti-microbial dressings do you have access to?+  
        Antibiotic ointments 26 (43) 
        Betadine/Iodine-based dressing 26 (43) 
        Silvadene 11 (18) 
        Honey-based dressing 11 (18) 
        Dakins/Dilute bleach 5 (8) 
        Other 9 (15) 
What type of microsurgical instruments are available at your 
institution?+ 

 

         Not sure  
         8-0 suture (nylon, proline) 20 (33) 
         9-0 suture 14 (23) 
         Micro needle-holder 13 (22) 
         Curved micro dissecting scissors 12 (20) 
         Straight micro scissors  12 (20) 
         10-0 suture 11 (18) 
         Micro-pickups 9 (15) 
         Micro vessel dilator 9 (15) 
*Various data not reported by all respondents 
+Participants were able to select multiple responses 
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General Discussion 
Clinical Research: Regional Barriers 
In order to address issues critical to Latin America, it is essential that clinical providers engage in 
investigative work on issues relevant to their populations. Results from these studies, in turn, 
should be disseminated through academic publications and across academic societies.1 Despite 
Latin America’s overwhelming volume of musculoskeletal injuries, peer-reviewed articles 
originating from Latin American countries are underrepresented in major orthopedic surgery 
journals,2–4 fundamentally limiting the development of knowledge that could improve traumatic 
injury care and inform research and policy priorities. In an effort to overcome this gap, in 2011 
the Osteosynthesis and Trauma Care Foundation sponsored a “Forum of the Americas”, a 
meeting held to discuss ways to increase research capacity in the field of orthopaedic trauma 
surgery across Spanish-speaking Latin American countries.5 (Chapter 2) In this meeting, experts 
from across Latin America identified barriers to research and reasons for lack of robust research 
infrastructure. While research was considered a requirement for professional advancement in 
many surgeons’ positions, the lack of structural and financial support, as well as the lack of 
investigative background precluded their participation in clinical research activities. A need for 
stronger global North-South relationships was emphasized, with a focus on improved access to 
scientific literature, investigational infrastructure, training support, and scholarship opportunities 
between colleagues in Latin America, North America, and Europe. Indeed, this model between 
partner institutions in LMICs and HICs has been successful for other orthopaedic groups.6–9 
Additionally, rapid growth of the internet has made the sharing of scientific literature more 
accessible to orthopaedic surgeons in lower-resourced settings through electronic journals and 
online repositories. Initiatives such as the Health InterNet Access to Research Initiative 
(HINARI), a project supported by the World Health Organization, and the Biomed Central 
(BMC), a United Kingdom-based journal, have provided free access to full-text electronic 
articles for surgeons in low-income countries.10 Overall, fostering collaboration between 
multidisciplinary groups can benefit those in LMICs to overcome barriers and promote locally 
driven investigative work.  
 
To this end, the Asociación de Cirujanos Traumatólogos de las Américas (Association of Trauma 
������������������������;�������������developed.11 (Chapter 3) The aim of this 
organization was to promote a collaborative research environment between Latin America and 
North America, with the goal to improve the clinical care of musculoskeletal trauma through the 
dissemination of research methodology and development of multi-center studies. ACTUAR has 
been the mechanism through which Latin American surgeons have been able to organize their 
successful involvement in multi-national, multi-center studies such as the International 
Orthopaedic Multi-Center Study in Fracture Care (INORMUS). INORMUS, based primarily at 
McMaster University and in collaboration with the University of California, San Francisco 
(UCSF), seeks to document the burden of disease of orthopaedic trauma globally. These types of 
studies enable the use of evidence-based medicine to guide clinical practice,12 and are important 
tools for joint action. Given the small proportion of multi-center studies and the high rate of road 
traffic fatalities in this region, collaborative initiatives, such as ACTUAR, are a measured 
solution for better defining and understanding musculoskeletal injury and treatment patterns.13 
Orthopaedic research conducted through the ACTUAR network investigates clinical research 
questions that are guided by the needs of the Latin American patient populations. Partnering with 



General Discussion and Future Directions   |   211   

13

 

researchers in and outside of the region through similar organizations can help to build 
investigational infrastructure, change clinical practice, and ultimately impact health policy.  
 
Further, non-clinical competencies that promote interprofessional networking as well as 
organizational and communicative skills are increasingly recognized as beneficial for surgeons. 
These types of “soft skills” for surgeons have been found to improve patient care.14–16 
Leadership skills and teamwork have shown to have a significant impact on trauma care,17 
leading to decreased time to CT and transfers to the operating room.18 These same leadership 
qualities transfer over to a variety of surgeon-led teams, including investigative groups. While 
many studies recognize the impact that leadership development programs have on physicians in 
North America, there is a paucity of literature on available leadership development programs in 
the Latin American region.19 Orthopaedic surgeons are expected to lead various multi-
disciplinary teams and effectively communicate, teach, and facilitate learning, yet few studies 
have examined the educational leadership needs of orthopaedic trauma surgeons in Latin 
America. Therefore, a region-specific assessment survey identified the greatest needs and 
barriers to skills-based leadership development programs for orthopaedic trauma surgeons.20 
(Chapter 4) Though the majority (81%) of the surgeon-participants reported that they currently 
held formal leadership roles in some capacity (hospital, professional society or clinical setting), 
of which many had more than 20 years’ experience in this role, only 18% had reported 
previously attending a formal leadership development course. Professional ethics, crisis 
management/organizational change management, and high performing team-building skills were 
cited as the most important themes. Interestingly, these themes were also perceived as most 
important by Cuban orthopaedic trauma surgeons in a recent study,21 confirming the importance 
of developing and tailoring such programs to specific cohorts of individuals, cultures, 
professions, and regions.22,23  
 
The first leadership development skills course, which included the topics identified in the needs 
assessment survey, was delivered to orthopaedic surgeons in Hermosillo, Mexico at the National 
Mexican Orthopaedic and Traumatology Congress (FEMECOT).24 (Chapter 5) All surgeon-
leaders who attended the session held national leadership positions across Latin America. This 
course, as evaluated by the attendees, provided useful knowledge, and was viewed as an 
effective way to enhance healthcare providers non-clinical skills. It was subsequently used as a 
model for other such instruction in Latin American countries and can be further used by other 
orthopaedic trauma surgeons in lower-resourced settings across the region.  
 
Clinical Research: Regional Priorities 
Health research can provide solutions to the increasing mortality and morbidity rates in Latin 
America by better improving health services to those in regions that are disproportionately 
affected by musculoskeletal conditions, effectively reducing the gaps in care between those in 
resource-rich and resource-limited settings. Globally, formalized trauma care systems and 
treatment guidelines are lacking among countries and regions.25 Critical to these systems and 
guidelines are the resources needed to deliver musculoskeletal trauma care, which vary in 
availability regionally.26 However, the supplies and equipment required to satisfy trauma care 
guidelines are often only available in HICs, not LMICs.27,28 In an effort to develop effective 
guidelines and create treatment standards with resources that are applicable to those in lower-
resourced settings, such as in Latin America, the most essential musculoskeletal trauma care 
resources across diverse resource settings worldwide were identified. (Chapter 6) Surgeons, 
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representing low-, middle-, upper-, and high-income countries, reported no significant 
differences in ratings for musculoskeletal injury management resources. Consensus was reached 
by surgeons worldwide on 71 resources considered “most essential”, suggesting that these 
supplies and equipment are locally available across any given setting. These results can be used 
to establish effective guidelines and treatments standards worldwide. 
 
Notably, government funding in countries across Latin America is substantially low, with only 
0.1% to 1% of a country’s Gross Domestic Product (GDP) being spent on research for health,29 
causing research priorities in this region to be ill defined.29 In recognition of this limitation and 
in an effort to guide future clinical studies within this region, the clinical areas in orthopaedic 
trauma that are considered the greatest need for research priorities in Latin America were 
evaluated.30 (Chapter 7) Open fracture management was found to be one of the major unmet 
areas of interest, including the determination of optimal protocols for initial and definitive open 
fracture treatment that include issues such as treatment timing, antibiotic prophylaxis, irrigation 
and debridement, fixation, and wound coverage. 
 
Open Tibial Shaft Fractures: Current Management 
The management of open tibial shaft fractures was recently defined as one of the top health 
research priorities in Latin America.30 These injuries, caused by high-energy trauma and among 
the most problematic of orthopaedic injuries in the region, have high rates of incidence from road 
traffic injuries and poor outcomes associated with soft-tissue defects. In Latin America, more 
than 50,000 open fractures per year occur in some countries, and complication rates reach as 
high as 25% in Gustilo Anderson (GA) Type III fractures.31–33 Despite these staggering figures, 
open fracture management in Latin America is poorly understood, making it difficult to create 
treatment standards and advocate for necessary resources. With a goal of characterizing the 
treatment standards and patterns of open tibia fractures in this region, the current management of 
isolated open tibia fractures throughout Latin America sites was analyzed.26 (Chapter 8) 
Identifying treatment patterns for open tibia fractures will lay the groundwork for the potential 
implementation of best practices. 
 
In addition, there is a need for plastic and reconstructive surgery for these traumatic injuries.34 
Severe soft-tissue wound defects associated with open tibia fractures have negative 
socioeconomic impacts,35 with major complications that include infection, nonunion, 
amputation, and death.36 In HICs, multidisciplinary management between plastic and 
orthopaedic surgery teams for soft-tissue reconstruction (flap) procedures and fracture 
stabilization is common for such injuries.37 However, in LMICs across Latin America, plastic 
surgeons are less likely to be the primary soft-tissue coverage provider for GA Type IIIB 
fractures requiring flap coverage,38 requiring orthopaedic surgeons to perform these procedures. 
Exacerbating this issue, most orthopaedic surgeons do not receive training on soft-tissue 
coverage.26 In order to determine the Latin American orthopaedic trauma surgeons’ current 
management of soft-tissue coverage practices of open tibia fractures, provide region-specific 
knowledge gaps, and support the need for better allocation of surgical tools and resources for 
flap procedures, the treatment of soft-tissue defects following open fractures in the region were 
examined.38 (Chapter 9) 
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Open tibia diaphyseal fractures, the most common open long bone injury, contribute to a 
growing epidemic in this region.39,40 However, few comprehensive observational studies have 
reported on the current state of open tibia fractures in Latin America.13 It is challenging to 
address orthopaedic care gaps without understanding current treatment protocols and 
epidemiology of such injuries. The management of open tibia fractures across Latin American 
countries assessing the clinical outcomes and health-related predictors of quality of life at one-
year was prospectively studied. (Chapter 10) Given the size of Latin America’s population, 
which is almost double that of the United States and Canada combined,13 utilizing a prospective 
observational multi-center study design allowed for the collection of a larger sample size of 
epidemiological data that can improve generalizability in a patient population.41 Providing 
evidence-based guidelines that address the diverse resource settings faced in Latin America can 
help prevent major complications following injuries and provide critical information for 
orthopaedic surgeons that can be applied in the Global South. 
 
Open Tibial Shaft Fractures: Interventions 
Adequate coverage of the open tibia fracture site is critical for wound healing and optimal limb 
function. Flap procedures do not necessarily require technologically advanced or expensive 
equipment, and often are possible to treat with locally-available resources and in the absence of 
plastic surgery expertise.42 In a response to the shortage in subspecialty care and soft-tissue 
training for orthopaedic surgeons in many LMICs across Latin America,43 sustainable surgical-
skills training courses that teach limb-saving, soft-tissue coverage techniques have been 
developed. Specifically geared towards orthopaedic surgeons in LMICs, these courses have been 
shown to be effective, reportedly impacting surgeons performance and comfort level with flap 
procedures.44,45 The efficacy of a two-day soft-tissue coverage course delivered for orthopaedic 
trauma surgeons in Latin America assessed the implementation of this type of training.46 
(Chapter 11) Such courses can provide for an effective model for training in other Latin 
American countries. 
 
The economic and demographic characteristics of countries across Latin America are diverse, 
and large disparities in development exist.29 Many Latin American countries are predisposed to 
conditions that are often found in countries with much lower GDPs, posing challenges such as a 
lack of access to resources, shortages in specialists, and overburdened health systems. Argentina, 
for example, has one of the largest economies and one of the highest healthcare expenditures per 
capita in the region,29 yet significant inequalities in access to healthcare services and varying 
levels of orthopaedic surgical care exist between provinces.47 In an effort to address potential 
regional differences in the management of open tibia fractures, treatment patterns were examined 
to assess the extent of standardized care across provinces in Argentina. Further, the effectiveness 
of an educational intervention initiated by the national orthopaedic trauma society, which sought 
to promote national standardization of orthopedic trauma care, was examined. (Chapter 12) The 
overarching goal was to standardize treatment care and achieve best practices for the 
management of open tibia fractures across diverse resource settings in Latin America.  
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Future Directions  
The body of work presented in this thesis described aspects of the burden of musculoskeletal 
trauma, orthopaedic trauma surgeons’ capacity for developing skills to better address locally-
relevant questions, and gaps in resources needed to provide the necessary care for post-traumatic 
musculoskeletal injuries. Future work is needed to bridge the gap between the findings presented 
and their successful implementation, particularly in the standardization of open tibia treatment 
practices through the establishment of formal guidelines and policies.  
 
Many of the studies included in this thesis highlighted a broader, regional, or global overview of 
the relevant questions. However, the number of survey respondents is small relative to the 
number of practicing orthopaedic surgeons in Latin America and does not necessarily reflect 
conditions within all subregions. A closer evaluation of open tibia treatment patterns from each 
country within Latin America, with larger sample sizes, could facilitate a more in-depth 
understanding of the gaps in practice. Subsequently, findings that are specific to each country in 
Latin America could aid in the development of more accurate treatment guidelines and best 
practices. As an example, Chapter 6 used the modified Delphi design to determine opinion 
consensus from one surgeon-expert per country. While this provided for a broader overview 
worldwide, it is difficult to extrapolate these findings to a more limited local level, particularly in 
locations with diverse resources. Additionally, within countries with larger populations and 
economies, such as Argentina, Brazil, and Mexico, there are often significant scales of 
economies that also make broader results even more difficult to apply. Studies that used an open 
survey technique, including some in this thesis, have the potential to disproportionately represent 
one country relative to another;�� significant difference in the number of survey responses 
collected from each country could make it more difficult to apply results universally. Therefore, 
future work should augment the current studies by concentrating the focus on more narrow areas 
of interest and regions. 
 
The studies presented in this thesis showed that there was value in skill development. However, 
the results reflected shorter-term assessments, and therefore, longer-term evaluations are needed. 
Post-course evaluations that measure knowledge retention and practice-changing behavior, as 
observed following a soft-tissue reconstruction surgical skills training course for example, would 
be useful to determine long-term impact of the interventions. Further, course reach could be 
expanded through an on-line delivery, such as the leadership development training offerings, but 
on-line learning efficacy would need to be determined, as a main feature of the course is 
interactive. 
 
Finally, treatment guidelines for the management of injuries, such as open tibia fractures, are 
significantly lacking throughout Latin American countries26 and have yet to be formally 
established on a regional level. A follow up study on the most essential musculoskeletal trauma 
care resources particularly for Latin American countries could be conducted to develop effective 
setting-specific guidelines and create best practice treatment standards. Further, these results 
could be used by national academic societies to support the development of best practice 
guidelines and advocate for standard resource availability. 
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Summary 
Each chapter progressed towards addressing the three major objectives in the thesis. Chapter 1 
provided a general introduction on the Global Burden of Disease, with a focus on the large 
subset of musculoskeletal-related injuries in Latin America and the significant lack of region-
specific clinical research studies targeting this population. 
 
The first objective was to identify barriers relevant to clinical research and non-clinical 
opportunities in Latin America.  
 
In line with this, Chapter 2 identified the reasons behind knowledge gaps in the literature, 
addressing musculoskeletal-related injuries in Latin America, despite this region having one of 
the largest rates of musculoskeletal conditions that contribute to the Global Burden of Disease 
resulting from trauma. Approximately half of the orthopaedic surgeons that were surveyed 
reported current involvement in research initiatives but cited potential reasons for decreased 
productivity. Barriers such as lack of robust investigational infrastructure, lack of evidence-based 
knowledge, and lack of funding were reported. Clinical research support staff and financial aid 
were identified as two factors that could increase research capacity at local institutions. 
Strategies to overcome these perceived obstacles included collaboration between “more 
developed” (global North) and “less developed” (global South) organizations, increased access to 
scientific journals, establishment of clinical databases, and scholarship opportunities. Taking into 
account the perceived barriers and facilitators to incentivize participation in research, the work 
described in Chapter 3 outlined a potential solution to address these issues through a multi-
national consortium, the Association of Trauma Surgeons in the Americas (Asociación de 
Cirujanos Traumatólogos de las Amé�����;���������������������������-South organization, 
������������������������������������������������������������������������������������������������
promotes collaborative investigative work across Latin American institutions to address critical 
treatment questions guided by Latin American patient populations. A research symposium held 
at the annual meeting of the �������������������������������������������������������
(������������������������������������������������������������; �������������������������
���������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������ll, 
this network supports the sharing of scientific information to advance clinical care of 
musculoskeletal injuries in Latin America and has led to a number of collaborative publications.  
 
Chapter 4 described the paucity of available leadership development training for orthopaedic 
trauma surgeons’ non-clinical skills. Despite recognition of non-clinical leadership skills being 
effective tools for surgeons’ personal and professional success, no studies assessed educational 
leadership needs on these topics for orthopaedic trauma surgeons in Latin America. A needs 
assessment of 144 orthopaedic trauma surgeons showed that while almost half of the group 
��������������������������������������������63% reported never having attended a leadership 
�������������������������������������������������������������������������������� The main barriers 
cited were lack of invitations, difficulty missing work, and cost.  
 
As a solution, Chapter 5 described the creation and delivery of the first-of-its-kind leadership 
�����������������������������������������������������������������������������������������������
needs reported by the Latin American orthopaedic trauma surgeons. The goal of the course was 
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to enrich surgeons’ development of non-clinical leadership skills, increase their knowledge of 
leadership concepts and principles, facilitate networking, reinforce Global North-South 
partnerships, and ultimately advance high-quality musculoskeletal care. 
 
Conclusions: 
-  Reported barriers to clinical research among Latin Americans included a lack of 
investigational infrastructure, evidence-based medicine knowledge, and financial support. 
There was complete agreement among participants that research capacity and interest 
would improve if structural and economic support were available. 

-  Through a global North-South collaboration (ACTUAR), Latin American orthopaedic 
trauma surgeons have increased collaboration with likeminded individuals interested in 
building research capacity and sharing resources. The group identified open tibia fracture 
management to target as an initial multi-center collaborative pilot project. 

-  One hundred and forty-four orthopaedic trauma surgeons from 18 countries across 
Spanish-speaking and Portuguese-speaking Latin America identified professional ethics, 
crisis management/organizational management, and high performing team-building skills 
as the most important leadership development themes. Eighty-one percent of surgeon-
participants self-reported holding leadership roles, but 63% had never attended a 
leadership course due to lack of invitations, difficulty missing work, and cost. Almost all 
participants (97%) expressed interest in attending a leadership course designed for their 
surgical specialty. 

-  Course curriculum was developed based on the needs assessment for orthopaedic trauma 
surgeons, and the first Latin American leadership development course was delivered to 
surgeons free of cost at the FEMECOT conference in Mexico. 

 
The second objective of the thesis was to define clinical needs, clinical research priorities, and 
explore the management of open tibia fractures across the region. 
 
Chapter 6 sought to broadly identify the most critical resources needed to support 
musculoskeletal trauma care worldwide. The findings, which can be used to develop guidelines 
for care, underscored the need to prioritize resources that are locally available across diverse 
resource settings. Using a modified Delphi study design, 103 orthopaedic surgeons, representing 
low-and middle-income countries (LMICs), upper-middle income countries (UMICs), and high-
income countries (HICs), established consensus on 71 resources considered most important for 
pre-, in-, and post-hospital care. These resources were associated with a variety of categories, 
such as ancillary services, personnel, training, protocols, infrastructure, and supplies and 
equipment. Examples of the most essential resources included anesthesiologists, orthopaedic 
surgeons, quick response teams, blood banks, reliable power supply, trauma management 
protocols, pre-operative anesthesia assessment protocol, power equipment, intubation supplies, 
and traction tables.  
 
Chapter 7 similarly used a modified Delphi approach to examine the most important clinical 
research priorities in Latin America, identified by orthopaedic trauma surgeons across the region. 
Six clinical questions reached consensus, establishing the following topics as top health research 
priorities: open fractures, geriatric hip fractures, polytrauma, pelvic and acetabular fractures, and 
musculoskeletal infections. With open fracture management being considered as a top health 
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research priority in Latin America, Chapter 8 detailed one of the first studies to characterize 
open tibia fracture treatment patterns on a regional level. Of the 616 participants from 20 
national orthopaedic societies who completed the survey, only 26.5% reported having formalized 
treatment guidelines for open tibia fractures at their institutions. Regarding antibiotics, 34.6% of 
surgeons administered antibiotics more than three hours after patient presentation to the hospital. 
For irrigation and debridement, 53.9% reported treating these fractures between 6 to 24 hours 
after arrival to the hospital due to lack of operative personnel or rooms. Primary closure was 
performed most frequently (87.5%), but 31.5% of GA Type IIIB fractures did not receive soft-
tissue coverage due to lack of either plastic surgical support or surgeon training to perform flaps. 
Finally, 29.6% of respondents reported patients presenting to their hospitals greater than 24 
hours post-injury. Treatment patterns were also compared between surgeons from MICs to HICs 
to better understand the differences in management across income groups and showed that 
delayed internal fixation (p<0.001) and primary closure (p<0.001) were performed more 
commonly by surgeons in MICs than HICs.  
 
Chapter 9 further assessed open tibia fracture treatment, with a focus on soft-tissue wound 
management. The survey was completed by 469 surgeons in Latin America and showed that only 
44% had prior soft-tissue training. Plastic surgeons were the primary providers for soft-tissue 
coverage for GA Type IIIB fractures more commonly in HICs than in MICs (p<0.01) and were 
available more commonly (within 24 hours) in HICs than MICs (p=0.05). In general, orthopaedic 
surgeons in HICs had more access to plastic surgeons at their institutions than those in MICs, 
�������������������������������������������������������������������;���������������������������
more commonly in HICs than MICs for proximal third (p<0.01), middle third (p=0.02), and 
distal third (p<0.01) lower extremity defects. Further, for wound coverage resources, only 
negative pressure wound therapy (NPWT or Wound VAC) was available to more than half of the 
respondents. Finally, Chapter 10 prospectively evaluated the management of 288 open tibia 
diaphyseal fractures through an observational study to assess predictors of clinical outcomes in 
health-related quality of life (HRQOL) following open tibia fractures at one-year. Using the SF-
12, the primary outcome measure was the Physical Component Summary (PCS) and Mental 
Component Summary (MCS) scores. For PCS, there was a significant quality of life impact on 
those that sustained a firearm-related injury (estimate: -8.5, 95% CI (-14.4 – -2.5)) or an OTA 
arterial score 3 injury (estimate: -16.5, 95% CI (-30.5 – -2.6)). For MCS, delays in timing from 
injury to hospital (estimate per hour: -0.07, 95% CI (-0.1 – -0.02)) were associated with a 
decrease in HRQOL and external fixation at initial stabilization was associated with a reduced 
mental quality of life at one-year when compared to intramedullary fixation (estimate: -3.0, 95% 
CI (-5.8 – -0.7). Only 47.2% of patients received definitive fixation at the time of their initial 
treatment, which included intramedullary nailing (35.8%), non-operative management with 
splinting/casting (33.7%), and external fixation (28.1%).  
 
Conclusions: 
-  A total of 308 unique resources for pre-, in-, and post-hospital phases of care were 
identified, of which 71 resources achieved consensus as most essential for 
musculoskeletal trauma care across any given setting worldwide. There was a significant 
difference (p<0.0167) in ratings between income groups (LMICs, UMICs, and HICs) for 
16 resources, all of which were related to general trauma care rather than musculoskeletal 
injury management. 
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-  Open fractures were identified as a top clinical research priority in Latin America, 
specifically, examining the optimal protocol for timing, antibiotics, fracture fixation, and 
wound coverage at various hospital levels across the region. 

-  Open tibia fracture treatment patterns showed differences between MICs and HICs 
regarding delayed internal fixation (53.3% vs. 22.0%, p<0.001) and primary closure 
(88.9% vs. 62.8%, p<0.001) for GA Type I and II fractures. Almost one-third (31.5%) of 
GA Type IIIB fractures did not receive soft-tissue coverage and only 26.5% of the 616 
survey respondents from 20 Latin American countries reported having formalized 
treatment guidelines for open tibia fractures at their institutions. 

-  Access to soft-tissue coverage providers was different between income groups (HICs and 
MICs). Plastic surgeons were the primary provider for GA Type IIIB fractures more 
commonly in HICs than in MICs (100% vs. 47%, p<0.01) and were available more 
commonly (<24 hours) in HICs than MICs (63% vs. 26%, p=0.05). Free flaps were 
performed more commonly in HICs than MICs for proximal third (55% vs. 10%, 
p<0.01), middle third (36% vs. 9%, p=0.02), and distal third (55% vs. 10%, p<0.01) 
lower extremity defects. 

-  External fixation at initial stabilization was associated with a reduced mental quality of 
life at one-year when compared to intramedullary fixation (estimate: -3.2, 95% CI (-5.5 – 
-0.8)) and there was a significant physical quality of life impact on those that sustained a 
firearm-related injury (estimate: -8.2, 95% CI (-14.2 – -2.1)) or Type III OTA arterial 
subcategory injury (estimate: -3.0, 95% CI (-30.9 – -2.6)). Only 47.2% of patients 
received definitive fixation at the time of their initial treatment, with intramedullary 
nailing (35.8%) being the most common method. 

 
The final objective of the thesis was to address the treatment of open tibia fractures by 
developing potential interventions to surgical care and the development of best practice 
guidelines, taking into account the low-and-middle income countries’ (LMICs) resource-limited 
settings in Latin America. 
 
With limited soft-tissue coverage training opportunities, lack of specialists in MICs providing 
flap procedures, and lack of soft-tissue coverage being performed on GA Type IIIB fractures due 
to institutional barriers, Chapter 11 described the efficacy of the Surgical Management and 
Reconstructive Training (SMART) Course, a soft-tissue surgical skills training as an educational 
intervention for Latin American orthopaedic surgeons. A pre- and post-course knowledge test 
showed that overall scores improved (p=0.005), particularly on the plastic surgery component 
(p=0.003). On the needs assessment, 51.9% did not feel comfortable designing or choosing the 
correct flap for a patient. The majority of participants (61.1%) reported that flaps were 
uncommonly performed in their hospitals. Barriers to performing flaps included lack of 
subspecialist care, lack of resources such as dermatomes, and poor institutional and peer support. 
This training course could serve as an educational model for orthopaedic surgeons in other 
LMICs in the absence of plastic surgeons. Chapter 12 evaluated the level of standardization of 
open tibia fracture management across Argentina’s diverse regional settings, with the goal to 
achieve best practices throughout the country. The Argentine Association of Trauma and 
Orthopaedics (AATO), seeking to attain improvements in care throughout the country, 
developed an “Exterior Committee”, based in Buenos Aires, and an “Interior Committee”, 
comprising surgeons practicing in outlying provinces across Argentina. Notably, results showed 
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that wound coverage procedures for GA Type IIIB injuries were more commonly treated by 
orthopaedic surgeons in the interior versus the exterior regions (p=0.004), with greater rates of 
definitive wound coverage within seven days post-injury reported in comparison to those in the 
exterior (p=0.009). �������������������������������;���������������������������������������
surgeons in more peripheral, rural settings would seem to lead to greater delays to soft-tissue 
coverage. However, given the results of fewer delays, one possible explanation is that reliance on 
plastic surgeons’ availability may cause greater delays than the orthopaedic surgeons performing 
the procedures themselves. This supports the concept of enhanced soft-tissue coverage training 
for orthopaedic surgeons. This type of intervention may be a model for future trainings 
sponsored by other national orthopaedic societies. 
 
Conclusions: 
- The SMART Course is effective in improving the level of knowledge and comfort in  
performing flaps for orthopaedic surgeons. A pre- and post-course test showed that 
knowledge-based scores improved (39.6% to 53.6%, p=0.005). Additionally, institutional 
and physician barriers to performing flaps were reported, many of which were modifiable 
through training programs such as the SMART Course. 

- Treatment patterns were identified across provinces in Argentina for open tibia fracture  
management, however, differences were reported in soft-tissue procedures. Surgeons in the 
more rural, less-resourced interior of the country more commonly performed flap 
procedures (0% vs. 35%, p=0.004) than those in the urban, greater-resourced exterior of 
the country, with greater rates of definitive wound coverage within seven days post-injury 
(32% vs. 74%, p=0.009). 

 
Chapter 13 provided a general discussion on the overall findings and future directions. 
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Nederlandse samenvatting 
Elk hoofdstuk behandelt een van de drie belangrijkste doelstellingen van het proefschrift. 
Hoofdstuk 1 gaf een algemene inleiding over de wereldwijde ziektelast, met de nadruk op de 
grote groep van musculoskeletale letsels in Latijns-Amerika en het aanzienlijke gebrek aan 
regiospecifiek klinisch onderzoek gericht op deze populatie. 
 
De eerste doelstelling was het identificeren van belemmeringen die relevant zijn voor klinisch 
onderzoek en niet-klinische kansen in Latijns-Amerika. 
 
In overeenstemming hiermee identificeerde Hoofdstuk 2 de redenen achter kennislacunes over 
musculoskeletale letsels in Latijns-Amerika in de literatuur, ondanks het feit dat deze regio een 
van de grootste percentages musculoskeletale aandoeningen heeft die bijdragen aan de 
wereldwijde ziektelast door trauma. Ongeveer de helft van de responderende orthopedisch 
chirurgen gaf aan momenteel betrokken te zijn bij onderzoeksinitiatieven, maar noemde 
mogelijke redenen voor verminderde productiviteit. Andere genoemde belemmeringen waren 
een gebrek aan robuuste onderzoeksinfrastructuur, gebrek aan op feiten gebaseerde kennis en 
gebrek aan financiering. Ondersteunend personeel voor klinisch onderzoek en financiële 
ondersteuning werden geïdentificeerd als twee factoren die de onderzoekscapaciteit bij lokale 
instellingen zouden kunnen vergroten. Strategieën om deze waargenomen obstakels te 
overwinnen, waren onder meer samenwerking tussen "meer ontwikkelde" (mondiale noorden) en 
"minder ontwikkelde" (mondiale zuiden) organisaties, betere toegang tot wetenschappelijke 
tijdschriften, het opzetten van klinische databases en mogelijkheden voor beurzen. Rekening 
houdend met de ervaren belemmeringen en facilitators om deelname aan onderzoek te 
stimuleren, schetste het in Hoofdstuk 3 beschreven werk een mogelijke oplossing om deze 
problemen aan te pakken via een multinationaal consortium, de Association of Trauma Surgeons 
���������������������������������������������������������������������;��������� Deze 
wereldwijde Noord-Zuid-������������������������������������������������������������������������
������������������������������������������������������������������������������������������-
Amerikaanse instellingen om kritische behandelingsvragen aan te pakken, geleid door Latijns-
Amerikaanse patiëntpopulaties. Een jaarlijks onderzoekssymposium tijdens het landelijk 
jaarcongres van de Federación Mexicana de Colegios de Ortopedia y Traumatología 
(����������������������������������������������������������� onderwijs geeft over de 
principes van klinische onderzoeksmethoden en -�����������������������������������������������
����������������������������������������������������������������������������������������
wetenschappelijke informatie om de klinische zorg voor letsels van het steun- en 
bewegingsapparaat in Latijns-Amerika te bevorderen. Dit heeft tot een aantal gezamenlijke 
publicaties geleid. 
 
Hoofdstuk 4 beschreef het gebrek aan beschikbare leiderschapsontwikkelingstrainingen voor de 
niet-klinische vaardigheden van orthopedisch traumachirurgen. Ondanks de erkenning dat niet-
klinische leiderschapsvaardigheden effectieve hulpmiddelen zijn voor het persoonlijke en 
professionele succes van chirurgen, zijn er geen studies die de educatieve behoeften aan 
leiderschap over deze onderwerpen voor orthopedisch traumachirurgen in Latijns-Amerika 
��������������������������������������������������������������disch traumachirurgen bleek 
dat ondanks het feit dat ���������������������������������������������������������������������
����������������������������������������������������������������������������������������
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interesse toonde om deel te nemen zo'n opleiding. De belangrijkste genoemde belemmeringen 
waren het gebrek aan uitnodigingen, de moeilijkheid om werk te missen en de kosten. 
 
Als oplossing beschrijft Hoofdstuk 5 de opzet en beschikbaar maken van een eerste 
leiderschapsontwikkelingsprogramma in Mexico, waarbij gebruik werd gemaakt van het 
curriculum dat specifiek was ontworpen voor de interesses en behoeften die door de Latijns-
Amerikaanse orthopedische traumachirurgen werden gemeld. Het doel van de cursus was om de 
ontwikkeling van niet-klinische leiderschapsvaardigheden van chirurgen te verrijken, hun kennis 
van leiderschapsconcepten en -principes te vergroten, netwerken te vergemakkelijken, Noord-
Zuid-partnerschappen te versterken en uiteindelijk hoogwaardige musculoskeletale zorg te 
bevorderen. 
 
Conclusies: 
-  Gerapporteerde belemmeringen voor klinisch onderzoek onder Latijns-Amerikanen 
waren onder meer een gebrek aan onderzoeksinfrastructuur, evidence-based medische 
kennis en financiële steun. De deelnemers waren het er volledig over eens dat de 
onderzoekscapaciteit en -interesse zou toenemen als er structurele en fincanciële steun 
beschikbaar zou zijn 

-  Door een wereldwijde Noord-Zuid-samenwerking (ACTUAR) hebben Latijns-
Amerikaanse orthopedische traumachirurgen de samenwerking versterkt met 
gelijkgestemde personen die geïnteresseerd zijn in het opbouwen van 
onderzoekscapaciteit en het delen van middelen. De groep identificeerde de behandeling 
van open tibiafracturen als een interessant doel voor een eerste, pilot multicenter 
samenwerkingsproject 

-  Honderdvierenveertig orthopedisch traumachirurgen uit 18 landen in Spaanstalig en 
Portugeessprekend Latijns-Amerika voltooiden benoemden beroepsethiek, crisis-
/organisatiemanagement en goed presterende teambuilding naar voren als de 
belangrijkste leiderschapsthema’s voor leiderschapsontwikkeling. Eenentachtig procent 
van de deelnemende chirurgen gaf zelf aan leiderschapsposities te bekleden, maar 63% 
had nog nooit een leiderschapscursus gevolgd vanwege een gebrek aan uitnodigingen, 
moeite met het missen van werk en kosten. Bijna alle deelnemers (97%) toonden 
interesse in het bijwonen van een leiderschapscursus die was ontworpen voor hun 
chirurgische specialiteit 

-  Het cursuscurriculum is ontwikkeld op basis van de behoefteanalyse voor orthopedische 
traumachirurgen, en de eerste Latijns-Amerikaanse cursus voor leiderschapsontwikkeling 
werd gratis aan chirurgen gegeven tijdens het FEMECOT-congres. 

 
Het tweede doel van dit proefschrift was het identificeren van klinische behoeften, klinisch en 
regionaal relevante onderzoeksprioriteiten en uiteindelijk het onderzoeken van de behandeling 
van open tibiafracturen in de hele regiom om een aanzienlijk problematisch regionaal 
gezondheidsprobleem aan te pakken. 
 
Hoofdstuk 6 had als doel om op hoofdlijnen de meest kritieke middelen te identificeren die 
nodig zijn voor goede musculoskeletale traumazorg wereldwijd. Deze bevindingen, de gebruikt 
kunnen worden om richtlijnen voor zorg te ontwikkelen, onderstrepen de noodzaak om prioriteit 
te geven aan middelen die lokaal beschikbaar zijn in de verschillende inkomensgebieden. Met 
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behulp van een aangepast Delphi-design bereikten 103 orthopedisch chirurgen, die lage- en 
middeninkomenslanden (LMIC's), hogere-middeninkomenslanden (UMIC's) en hoge-
inkomenslanden (HIC's) vertegenwoordigden, consensus over de 71 belangrijkste 
randvoorwaarden voor goede pre-, in- en post-hospitale zorg. Deze items werden verdeeld in 
categorieën, zoals ondersteunende diensten, personeel, training, protocollen, infrastructuur en 
voorraden en apparatuur. Voorbeelden van essentiële middelen waren onder meer voldoende 
anesthesiologen, orthopedisch chirurgen en acute zorgteams, toegant tot bloedproducten, 
betrouwbare stroomvoorziening, protocollen voor trauma opvang, een protocol voor 
preoperatieve screening door de anesthesist, elektrische apparatuur, intubatiebenodigdheden en 
tractietafels. 
 
Hoofdstuk 7 gebruikte een vergelijkbare aangepaste Delphi-methode om de belangrijkste 
klinische researchprioriteiten in Latijns-Amerika te onderzoeken, geïdentificeerd door 
orthopedische traumachirurgen in de hele regio. Over zes onderwerpen werd consensus bereikt, 
waarbij open fracturen, geriatrische heupfracturen, polytrauma, bekken- en acetabulumfracturen 
en musculoskeletale infecties werden geprioriteerd voor onderzoek. Omdat de behandeling van 
open fracturen wordt beschouwd als een topprioriteit voor gezondheidsonderzoek in Latijns-
Amerika, beschrijft Hoofdstuk 8 een van de eerste studies naar de behandeling van open 
tibiafracturen op regionaal niveau. Van de 616 deelnemers van 20 nationale orthopedische 
verenigingen die de enquête hebben ingevuld, gaf slechts 26,5% aan geformaliseerde 
behandelingsrichtlijnen voor open tibiafracturen in hun ziekenhuis te hebben. Met betrekking tot 
antibiotica, diende 34,6% van de chirurgen antibiotica pas meer dan drie uur na presentatie van 
de patiënt in het ziekenhuis toe. Voor irrigatie en debridement gaf 53,9% aan deze fracturen 
tussen 6 en 24 uur na aankomst in het ziekenhuis te behandelen wegens gebrek aan 
operatiepersoneel of -kamers. Primaire sluiting werd het vaakst uitgevoerd (87,5%), maar bij 
31,5% van de GA Type IIIB-fracturen werd geen weke delen bedekt vanwege een gebrek aan 
plastische chirurgische ondersteuning of een gebrek aan scholing van de chirurg in het uitvoeren 
van gesteelde of vrij-gevasculariseerde lappen. Ten slotte meldde 29,6% van de respondenten dat 
patiënten zich meer dan 24 uur na het ongeval bij hun ziekenhuis meldden. Ook werden 
behandelingen tussen chirurgen van MIC's naar HIC’s vergeleken om de verschillen in tussen 
inkomensgroepen beter te begrijpen.  Dit toonde aan dat uitgestelde interne fixatie (p<0,001) en 
primaire sluiting (p<0,001) meer werden gebruikt door chirurgen in MIC's dan in HIC's. 
 
Hoofdstuk 9 gaat verder in op de behandeling van open tibiafracturen, meer specifiek de 
behandeling van weke-delenletsel. Het vragenlijst werd ingevuld door 469 chirurgen in Latijns-
Amerika en toonde aan dat slechts 44% een weke-delentraining had gehad. Plastisch chirurgen 
voerden het vaakst de weke-delendekking uit voor GA Type IIIB-fracturen. Dat deden zij vaker 
in HIC's dan in MIC's (p<0,01) en ze waren vaker (binnen 24 uur) beschikbaar in HIC's dan in 
MIC's (p=0,05). Over het algemeen hadden orthopedisch chirurgen in HIC's meer toegang tot 
plastisch chirurgen in hun ziekenhuis dan orthopedisch chirurgen in MIC's, en dit beïnvloedde 
����������������������������������������������������������������������;���������������������
vaker uitgevoerd bij HIC's dan bij MIC’s voor defecten aan het proximale derde (p<0,01), 
middelste derde (p=0,02) en distale derde (p<0,01) van de onderste extremiteit. Daarnaast was 
voor wondbedekking alleen negatieve druktherapie (NPWT of Wound VAC) beschikbaar voor 
meer dan de helft van de respondenten. 
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Ten slotte evalueerde Hoofdstuk 10 prospectief de behandeling van 301 open tibia diafysaire 
fracturen door middel van een observationele studie om voorspellers van klinische uitkomsten in 
gezondheidsgerelateerde kwaliteit van leven na open tibiafracturen na 1 jaar te identificeren. Met 
behulp van de SF-12 was de primaire uitkomstmaat Physical Component Summary (PCS) en 
Mental Component Summary (MCS). Voor PCS was er een significante impact op de kwaliteit 
van leven van degenen die een vuurwapengerelateerd letsel opliepen (effectmaat: -8.5, 95% CI (-
14.4 – -2.5)) of OTA type III arterieel letsel (effectmaat: -16.5, 95% CI (-30.5 – -2.6)). Voor 
MCS was externe fixatie bij initiële stabilisatie geassocieerd met een verminderde mentale 
kwaliteit van leven na een jaar in vergelijking met intramedullaire fixatie (effectmaat: 3.0, 95% 
CI (-5.8 – -0.7)). Slechts 47,2% van de patiënten onderging definitieve fixatie ten tijde van hun 
initiële behandeling, waaronder een intramedullaire pen (35,8%), niet-operatieve behandeling 
met spalk/gips (33,7%) en externe fixatie (28,1%). 
 
Conclusies: 
-  In totaal werden 308 unieke items voor goede musculoskeletale traumazorg in de pre-, 
per- en post-ziekenhuisfasen van zorg geïdentificeerd. 71 items werden in consensus 
beschouwd als meest essentieel in elke setting wereldwijd. Er was een significant verschil 
(p<0,0167) in beoordeling tussen inkomensgroepen (LMIC's, UMIC's en HIC's) voor 16 
middelen, die allemaal meer betrekking hadden op algemene traumazorg dan op het 
behandelen van musculoskeletale letsels. 

-  Open fracturen werden geïdentificeerd als een topprioriteit voor klinisch onderzoek in 
Latijns-Amerika, met name het onderzoeken van het optimale protocol voor timing, 
antibiotica, fractuurfixatie en wonddekking op verschillende ziekenhuisniveaus in de 
regio. 

-  Behandelprotocollen voor open tibiafracturen verschilden tussen MIC's en HIC's met 
betrekking tot vertraagde interne fixatie (53,3% vs. 22,0%, p<0,001) en primaire sluiting 
(88,9% vs. 62,8%, p<0,001) bij GA Type I en II fracturen. Bijna een derde (31,5%) van 
de GA Type IIIB-fracturen kreeg geen weke-delendekking en slechts 26,5% van de 616 
respondenten uit 20 Latijns-Amerikaanse landen gaf aan geformaliseerde 
behandelingsrichtlijnen voor open tibiafracturen in hun ziekenhuis te hebben. 

-  Beschikbaarheid van chirurgen voor weke-delendekking verschilde tussen 
inkomensgroepen (HIC's en MIC's). Voor GA Type IIIB-fracturen werd die vaker 
verzorgd door plastisch chirurgen in HIC's dan in MIC's (100% vs. 47%, p<0,01) en zij 
waren vaker binnen 24 uur beschikbaar in HIC's dan in MIC's (63% vs. 26 %, p=0,05). 
Vrije flappen werden vaker uitgevoerd in HIC's dan MIC’s bij defecten aan het proximale 
derde (55% vs. 10%, p<0,01), middelste derde (36% vs. 9%, p=0,02) en distale derde 
(55% vs. 10 %, p<0,01) van de onderste ledematen. 

-  Externe fixatie bij initiële stabilisatie ging gepaard met een verminderde mentale 
kwaliteit van leven na een jaar in vergelijking met directe intramedullaire fixatie 
(effectmaat: -3.2, 95% CI (-5.5 – -0.8)) en er was een significante impact op de fysieke 
kwaliteit van leven bij degenen die een vuurwapengerelateerd letsel hebben opgelopen 
(effectmaat: -8.2, 95% CI (-14.2 – -2.1)) of OTA-subcategorie Type III arterieel letsel 
(effectmaat: -3.0, 95% CI (-30.9 – -2.6)). Slechts 47,2% van de patiënten kreeg 
definitieve fixatie op het moment van hun eerste behandeling, waarbij een intramedullaire 
pen (35,8%) de meest gebruikelijke methode was. 

 



Summary and Summary in Dutch   |   229   

14

 

 
Het laatste doel van dit proefschrift was om de behandeling van open tibiafracturen te 
onderzoeken door mogelijke interventies voor chirurgische zorg en ‘best practice’richtlijnen te 
ontwikkelen, rekening houdend met de beperkte middelen van de lage- en 
middeninkomenslanden (LMIC's) in Latijns Amerika. 
 
Tegen de achtergrond van de beperkte trainingsmogelijkheden voor weke-delendekking, het 
gebrek aan specialisten in MIC's om flapprocedures uit te voeren, en het beperkte aantal weke-
delendekkingen dat wordt uitgevoerd bij GA Type IIIB open tibiafracturen als gevolg van 
barrières in het ziekenhuis, beschrijft Hoofdstuk 11 de effectiviteit van de Surgical Management 
and Reconstructive Training (SMART) Course, een training voor chirurgische weke-delen 
behandeling als educatieve interventie voor Latijns-Amerikaanse orthopedisch chirurgen. Uit een 
kennistoets voor en na de cursus bleek dat de algemene scores verbeterden (p=0,005), met name 
op het onderdeel plastische chirurgie (p=0,003). Bij de behoefteanalyse voelde 51,9% zich niet 
comfortabel bij het ontwerpen of kiezen van de juiste flap voor een patiënt. De meerderheid van 
de deelnemers (61,1%) meldde dat flappen zelden werden uitgevoerd in hun ziekenhuis. 
Belemmeringen daarvoor waren onder meer een gebrek aan subspecialistische zorg, gebrek aan 
middelen zoals dermatomen en slechte institutionele en collegiale ondersteuning. Deze training 
zou als opleidingsmodel kunnen dienen voor orthopedisch chirurgen in andere LMIC's indien 
plastisch chirurgen niet beschikbaar zijn. 
 
Hoofdstuk 12 evalueerde het niveau van standaardisatie van de behandeling van open 
tibiafracturen in verschillende regionale ziekenhuis in Argentinië, met als doel best practices in 
het hele land te bereiken. De Argentijnse Vereniging voor Trauma en Orthopedie (AATO), die 
streeft naar verbeteringen in de zorg in het hele land, ontwikkelde een "Exterior Comittee", 
gevestigd in Buenos Aires, en een "Interior Comittee", bestaande uit chirurgen die in afgelegen 
provincies in heel Argentinië werkzaam zijn. De resultaten toonden met name aan dat 
wondbedekkingsprocedures voor GA Type IIIB-verwondingen vaker werden behandeld door 
orthopedisch chirurgen in het binnenland dan het stedelijk buitengebied (p=0,004), met hogere 
percentages van definitieve wonddekking binnen zeven dagen na het letsel gerapporteerd in 
vergelijking met die in het stedelijk buitengebied (p=0,009). Deze bevindingen lijken 
����������;�verminderde toegang tot plastisch chirurgen in meer perifere, landelijke omgevingen 
lijkt te leiden tot grotere vertragingen bij de dekking van weke-delen. Een andere verklaring is 
dat de afhankelijkheid van beschikbare plastisch chirurgen grotere vertragingen kan veroorzaken 
dan wanneer de orthopedisch chirurgen de procedures zelf uitvoeren. Dit ondersteunt het concept 
van verbeterde weke-delen bedekkingstraining voor orthopedisch chirurgen. Dit type interventie 
kan een model zijn voor toekomstige trainingen die worden gesponsord door andere nationale 
orthopedische verenigingen 
 
Conclusies: 
-  De SMART Cursus is effectief in het verbeteren van het kennisniveau en comfort bij het 
uitvoeren van flappen voor orthopedisch chirurgen. Uit een pre- en post-cursus test bleek 
scores voor kennis verbeterden (39,6% naar 53,6%, p=0,005). Bovendien werden 
belemmeringen voor ziekenhuizen en artsen voor het uitvoeren van flappen gemeld, die 
vaak konden worden gewijzigd door middel van trainingsprogramma's zoals de SMART-
cursus. 
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-  Behandelpatronen werden geïdentificeerd in verschillende provincies in Argentinië voor 
de behandeling van open tibiafracturen, maar er werden verschillen gemeld in procedures 
voor weke-delen. Chirurgen in het meer landelijke binnenland met minder middelen 
voerden vaker flapprocedures uit (0% vs. 35%, p=0,004) dan die in het stedelijke 
buitengebied met meer middelen, met hogere percentages definitieve wonden dekking 
binnen zeven dagen na verwonding (32% vs. 74%, p=0,009). 

 
Hoofdstuk 13 geeft een algemene discussie over de belangrijkste bevindingen en mogelijkheden 
voor toekomstig onderzoek. 
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