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Tobias Hüttl, MD, MBA, Kodi Kojima, MD, PhD, Brian P. Bernstein, MD, Theodore Miclau, MD, and the Delphi Study Group*

Investigation performed at Zuckerberg San Francisco General Hospital, University of California San Francisco, San Francisco, California

Background: Despite evidence that formalized trauma systems enhance patient functional outcomes and decrease
mortality rates, there remains a lack of such systems globally. Critical to trauma systems are the equipment,
materials, and supplies needed to support care, which vary in availability regionally. The purpose of the present
study was to identify essential resources for musculoskeletal trauma care across diverse resource settings
worldwide.

Methods: The modified Delphi method was utilized, with 3 rounds of electronic surveys. Respondents consisted of
1 surgeon with expertise in musculoskeletal trauma per country. Participants were identified with use of 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: One hundred and three of 111 invited surgeons completed the first survey and were included throughout
the subsequent rounds (representing a 93% response rate). Most participants were fellowship-trained (78%) trauma
and orthopaedic surgeons (90%) practicing in an academic setting (62%), and 46% had >20 years of experience.
Respondents represented low-income and lower-middle-income countries (LMICs; 35%), upper-middle income
countries (UMICs; 30%), and high-income countries (HICs; 35%). The initial survey identified 308 unique resources
for pre-hospital, in-hospital, 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 toward 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.

Clinical Relevance: 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.

*A list of the Delphi Study Group members is included as a note at the end of this article.
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T
rauma is a leading cause of morbidity and mortality
worldwide, with musculoskeletal injury representing a
large proportion of this burden overall1,2. According to

the World Health Organization (WHO), >4 million deaths are
attributed to traumatic injuries annually3. While trauma im-
pacts all populations, injury patterns vary widely by region,
disproportionately affecting those in low-income and lower-
middle-income countries (LMICs), where 90% of injury-related
deaths occur1,4. Unsafe conditions, less access to resources, and
lack of standardized treatment efforts contribute to this disparity5.
Strategies to address this burden include trauma systems and es-
tablished guidelines. Despite evidence that coordinated trauma
systems enhance functional patient outcomes, decrease mortality
rates among treated trauma patients by 15% to 20%, and provide
support for improved allocation of resources1,5-7, there remains a
lack of formalized systems globally8-10. 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 system8. Critical to these systems are the equipment,
materials, and supplies needed to deliver musculoskeletal care,
which vary in availability regionally. Given the breadth of geo-
graphic and economic differences globally, recommendations for
trauma care are not always generalizable from higher-income to
lower-income countries. Understanding the most high-yield and
locally available resources formusculoskeletal 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

A3-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 2 decades, this
method has become an increasingly valuable tool used to
enhance decision-making processes in the field of health
research11,12. The current study involved 3 survey rounds:
(1) an initial survey to identify a list of essential musculo-
skeletal 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 own
opinions against those of the group.

The group of experts were practicing surgeons in lead-
ership roles (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 6 weeks and was administered elec-
tronically through REDCap (Research Electronic Data Capture), a
secure web-based application for online surveys and databases.
The study was approved by the institutional review board at
the University of California, San Francisco (UCSF), and
participant consent was obtained at the time that the survey
was administered.

Delphi Round 1
The purposes of the Round 1 survey were to collect the sur-
geons’ demographic information and to develop a compre-
hensive list of resources considered essential for pre-hospital,
in-hospital, and post-hospital phases of care for musculoskel-
etal injury with use of a free-text response field. The panelists
were encouraged to identify a minimum of 5 resources for each
phase of hospital care.

Fig. 1

Flowchart of survey administration and respondents.
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Delphi Round 2
All free-text responses from the Round 1 survey were compiled
and synthesized into appropriate categories and were reviewed by
the steering committee, which included a total of 10 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 (with 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 sys-
tem. All participants were encouraged to submit any additional
resources that were considered of importance and that were not
already included after the Round 1 survey.

Delphi Round 3
The overall mean for each resource was scored and listed by
category from most important to least important in the elec-
tronic 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 3 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 consensus13. 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 modifica-
tion allowed for the identification of only the highest ranked, or
most essential, resources.

In addition, a comparison analysis of the surgeons’ rat-
ings was performed across income levels as defined by the 2021
World Bank and Lending Groups data14. 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 3 pairwise compari-
sons among income groups). Adjustments for multiple testing
across variables were not performed, as each variable was
independent. All analyses were conducted with use of Stata SE
(version 17; 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 2 survey
rounds (Fig. 1). Participants represented countries across all
income groups: low-income countries and LMICs (35%),

Fig. 2

World map representing respondents’ countries of origin.
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upper-middle income countries (UMICs; 30%), and HICs
(35%) (Fig. 2).

Most respondents were fellowship-trained (78%) or-
thopaedic surgeons (90%) practicing in an academic setting
(62%), and 46% had >20 years of experience (Table I). Given
the networks 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 musculoskeletal injuries). The initial survey
yielded a total of 308 unique resources for pre-hospital, in-
hospital, and post-hospital phases of care (see Appendix).
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-hospital care (personnel and
supplies) (Table II).

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, andHICs) for 16 resources, whichwere
designated under the following categories: pre-hospital care
(ancillary services and infrastructure), in-hospital care (per-
sonnel, 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 (ven-
tilator, intubation supplies, analgesia) (Table III).

In all 3 phases of care, surgeons from lesser-resourced
countries rated most of these resources as having significantly
lower priority relative to those from higher-resourced coun-
tries. One exception was seen in the in-hospital personnel
category; these personnel included research assistants, general
practitioners, psychiatrists, and psychologists. Another excep-
tion was in the 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
supplies15. The number of orthopaedic and traumatology
specialists per capita ranges substantially across income groups,
with the number of surgeons providing care for musculoskeletal
injuries being estimated at 2.6 per 1 million inhabitants in LMICs
and 58.8 per 1 million inhabitants in HICs8. Similarly, there are
disparities in the equipment, materials, and supplies needed to
support musculoskeletal trauma care across different regional
economies that further impact injury management, although the
specific resources required for this care are not well docu-
mented16,17. 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 provisions18, un-
derscoring 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 to be “most essential” by the expert panel
across all income groups, suggesting that these are widely re-
garded 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 musculoskel-
etal 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. There-
fore, many LMIC providers only refer to guidelines for needs
assessments, advocacy, and policy development purposes,
with a minority implementing these recommendations10,19.
This suggests that the recommended use of locally available
resources is critical for effective guidelines20-22. The differ-
ences 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 techno-
logical resources that are more accessible in resource-rich
countries, such as computed tomography (CT) suites and

TABLE I Demographic Data of Surgeon Respondents

Characteristic

No. of
Respondents
(N = 103)

Training

Orthopaedic surgeon 93 (90.3%)

Fellow (undergoing orthopaedic trauma specialty
training)

7 (6.8%)

Other 3 (2.9%)

No. of years in practice

0-5 18 (17.5%)

6-10 12 (11.6%)

11-15 15 (14.6%)

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%)

*Multiple responses were selected.
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TABLE II Most Essential Resources Identified Across Income Groups (LMICs, UMICs, and HICs)*

Overall Mean LMIC Mean UMIC Mean HIC Mean P Value

Pre-hospital phase

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

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

Continuing 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

Preoperative 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

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

continued
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24/7 (always available) angiography suites, also were 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 pri-
mary health-care personnel as being more important than
did surgeons from HICs, perhaps indicating that primary-
care providers play a more substantial role in resource-limited

TABLE II (continued)

Overall Mean LMIC Mean UMIC Mean HIC Mean P Value

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

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

*Resources rated £2 with consensus by ‡75% of the group. IV = intravenous, OR = operating room, ER = emergency room, CT = computed
tomography. †Significantly different between income groups (p < 0.0167).
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settings. These findings support the importance of prioritiz-
ing locally available equipment and services for the develop-
ment of effective guidelines23,24.

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 settings21. 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 LMICs6,22. The list of
recommendations addressed general trauma surgical ser-
vices, including basic resuscitation, airway management,
and hemorrhage control. While the EsTC Project has made
progress in implementing locally relevant recommenda-
tions across sites in LMICs6, 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 nonoperative, specialist, and
tertiary providers across LMICs in Africa24. The current
study expands on that work and includes 3 phases of care,
identifying additional resource categories (i.e., personnel,
education, policies, protocols).

The present study had several potential limitations. Although
>300 unique resources were reported by the expert panel, it is
highly likely that there were additional items—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 cri-
teria. 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

TABLE III Significant Differences in Ratings Between Income Groups (LMICs, UMICs, HICs)*

Resource LMIC Mean UMIC Mean HIC Mean P Value

Pre-hospital phase

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

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

Community education

Short-term housing 3.67 4.63 3.40 0.01

*Out of the total of 308 resources identified. CT = computed tomography, ED = emergency department.
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limited the participants’ responses. Additionally, while >70%
of the respondents had >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 studies13, the
present study sought to have sufficiently broad geographical
and economical representation for comparison between
income groups6. The selection of 1 surgeon-expert per
country provided for this greater overview; however, a single
surgeon would not be representative of an entire country or
region, within which substantial variations in socioeconomic
conditions may exist. Further investigation is therefore nec-
essary to evaluate and validate resource criteria that are
unique to specific regions; the findings from this study could
be used as a basis for those investigations.

In summary, resource availability is critical for the suc-
cessful development of trauma systems and the delivery of
musculoskeletal trauma care. In the present study, survey
respondents from LMICs, UMICs, and HICs achieved agree-
ment 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 in-
ternational 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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