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B A C K G R O U N D The burden of complex orthopedic trauma in low- and middle-income countries

(LMICs) is exacerbated by soft-tissue injuries, which can often lead to amputations. This study’s purpose

was to create and evaluate the Surgical Management and Reconstruction Training (SMART) course to

help orthopedic surgeons from LMICs manage soft-tissue defects and reduce the rate of amputations.

M E T H O D S In this prospective observational study, orthopedic surgeons from LMICs were recruited to

attend a 2-day SMART course taught by plastic surgery faculty in San Francisco. Before the course, par-

ticipants were asked to assess the burden of soft-tissue injury and amputation encountered at their

respective sites of practice. A survey was then given immediately and 1-year postcourse to evaluate the

quality of instructionalmaterials and the course’s effect in reducing the burden of amputation, respectively.

R E S U L T S Fifty-one practicing orthopedic surgeons from 25 countries attended the course. No partic-

ipant reported previously attempting a flap reconstruction procedure to treat a soft-tissue defect. Before

the course, participants cumulatively reported 580-970 amputations performed annually as a result of soft-

tissue defects. Immediately after the course, participants rated the quality and effectiveness of training

materials to be a mean of �4.4 on a Likert scale of 5 (Excellent) in all 14 instructional criteria. Of the 34

(66.7%) orthopedic surgeons who completed the 1-year postcourse survey, 34 (100%, P < 0.01) reported

performing flaps learned at the course to treat soft-tissue defects. Flap procedures prevented 116 patients

from undergoing amputation; 554 (93.3%) of the cumulative 594 flaps performed by participants 1 year

after the course were reported to be successful. Ninety-seven percent of course participants taught flap

reconstruction techniques to colleagues or residents, and a self-reported estimate of 28 other surgeons

undertook flap reconstruction as a result of information dissemination by 1 year postcourse.

C O N C L U S I O N The SMART Course can give orthopedic surgeons in LMICs the skills and knowledge

to successfully perform flaps, reducing the self-reported incidence of amputations. Course participants

were able to disseminate flap reconstructive techniques to colleagues at their home institution. While

this course offers a collaborative, sustainable approach to reduce global surgical disparities in ampu-

tation, future investigation into the viability of teaching the SMART course in LMICs is warranted.
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I N T RODUC T I ON

Injuries account for 9.6% of the world’s deaths and
11.2% of the global burden of disease; >90% of
injuries occur in low- and middle-income countries
(LMICs).1,2 The global surgical burden of injuries
is further complicated by estimates that for every
death, as many as 3-8 more people may be perma-
nently disabled.3 One of the most common and pre-
ventable forms of disability in LMICs is
amputation, which often occurs after failure of
soft-tissue wound management in the setting of
traumatic fracture.4-11 It has been estimated that
soft tissue injuries are present in up to 82.8% of
traumatic injury, significantly increasing risk of
infection and complicating potential limb salvation
for the LMIC patient.9-11 When used appropri-
ately, soft-tissue reconstruction can close wounds,
promote revascularization of ischemic bone and tis-
sue, prevent infection, limit nonunion, and ulti-
mately prevent amputation.12-14 From a technical
skill and equipment perspective, soft-tissue coverage
procedures can be performed effectively in low-
resource settings.15,16

A substantial deficit in the number of surgeons
trained to manage soft tissue defects and prevent
amputation has been documented in LMICs.4,17,18

Opportunities to improve soft-tissue wound care
and reduce disability-adjusted life years by providing
increased flap reconstruction training or access to
plastic surgery services have been suggested in the
literature.4,5,8,14-23 Although surgical mission trips
were devised to provide wound management care
to trauma patients in LMICs, the mission-based
model has been criticized for its lack of sustainabil-
ity because volunteers can only provide surgical serv-
ices for a finite period of time.7-10 In response to
criticism, recent publications have outlined guide-
lines for the plastic surgery community to deliver
ethical and quality care in resource-poor settings.24

Despite the known lack of soft-tissue-coverage
expertise, little has been done to address this grow-
ing disparity in LMICs.

To address the need for soft-tissue reconstruc-
tion in LMIC trauma patients in a sustainable,
resource-efficient process, the Surgical Management
and Reconstruction Training (SMART) course was
created for orthopedic surgeons from regions with
limited plastic surgery access. The purpose of this
study was to evaluate the effect of the SMART
course with respect to soft-tissue wound manage-
ment on LMIC orthopedic surgeons previously
untrained in flap reconstruction. We hypothesize
that the SMART course can teach participants to
successfully perform flaps on trauma patients in
low-resource settings, reducing the self-reported
incidence of amputations. We further hypothesize
course participants would feel confident enough to
teach skills learned at the SMART course to col-
leagues at their home institutions.

METHODS

The 2-day SMART course was hosted by the Insti-
tute for Global Orthopaedics and Traumatology at
the Orthopaedic Trauma Institute of San Francisco
General Hospital. Participants were selected from
an applicant pool of orthopedic trauma surgeons
from LMICs, with preference given to academically
affiliated applicants facing a high volume of soft-
tissue injuries and without access to plastic surgery.
Course content was created through feedback from
LMIC orthopedic surgeons who had previously
attended pilot flap courses and was modified
through consultation with instructors from institu-
tions experienced in conducting flap courses. After
2 years of content development, 22 flaps (11 upper
extremity, 8 lower extremity, 3 trunk) were chosen
for the course curriculum because of their versatility,
ease of being taught, and potential to prevent
amputations (Table 1). The course content was
taught through multidisciplinary case-based didac-
tics, open discussion, and case-based cadaver dissec-
tion sessions. Instructors and course directors
consisted of board-certified plastic surgery and
orthopedic trauma faculty from multiple US
institutions.

To facilitate hands-on experience, participants
were split into 2 groups, lecture and dissection,
with each group alternating between lectures and
cadaveric wet labs. All lectures focused on technical
performance, indications, complications, and out-
comes of the procedures. During wet-lab sessions,
groups of 4-6 participants were assigned 1 instructor
and 1 cadaver, providing participants the opportu-
nity to perform simulated flap procedures under
close instructor guidance. In addition, participants
were given a syllabus, an electronic version of didac-
tic lectures, and step-by-step videos of surgical tech-
niques performed by course faculty to enhance
retention of course content.

Before the course began, participants were sent a
precourse survey designed to assess the need for
soft-tissue management skills in their clinical prac-
tices, identify the proportion of operative cases
that had an associated soft-tissue injury or



Table 1. Flaps Taught at the Surgical Management and
Reconstruction Training (SMART) Course

Upper Extremity Flaps 1. Cross-Finger

2. Thenar

3. Axial

4. Kite

5. Radial forearm

6. Flexor carpi ulnaris

7. Brachioradialis

8. Anconeus

9. V-Y hand

10. Flexor carpi radialis

11. Reverse radial forearm

Lower Extremity Flaps 1. Gastrocnemius

2. Soleus

3. Sural

4. Reverse sural

5. Gluteus

6. Tensor fascia latae

7. Posterior thigh

8. Gracilis

Trunk Flaps 1. Latissimus

2. VY sacrum

3. Groin
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complication related to soft-tissue injury, and deter-
mine amputations performed as a result of soft-
tissue injuries. At the course conclusion, a post-
course survey was administered in person to assess
participant satisfaction with course materials, dissec-
tions, didactics, overall course logistics, and the abil-
ity of the course to meet learning objectives.
Participants evaluated the course components on a
5-point Likert scale (1 ¼ Poor; 2 ¼ Fair; 3 ¼
Good; 4 ¼ Very Good; and 5 ¼ Excellent).

To assess the long-term impact of the SMART
course on flap utilization and amputation burden,
a 1-year postcourse survey was administered using
Qualtrics Research Suite (Provo, UT) and sent to
each course participant through e-mail. Participants
were asked to provide the types of flaps being used,
the flap success rate, and number of amputations
averted by flap reconstruction. In addition, the eval-
uation assessed to whom the skills learned at the
SMART course were disseminated, the number of
individuals to whom skills were disseminated, and
how many of those individuals were then perform-
ing the skills. Clinical data were self-reported and
not compared with patient charts at participants’
home institutions.

Descriptive statistical analyses were used to sum-
marize participant assessment responses. Student t
test was used for continuous data and Fisher exact
test was used for categorical data. Pearson
coefficient was calculated to determine the correla-
tion among number of amputations averted, flap
success rate, and number of flaps attempted.

R E SU L T S

Fifty-one orthopedic surgeons from 25 LMICs
attended the September 2012 SMART course and
were enrolled in this study. Thirty-four (66.7%) of
the course participants completed the 1-year post-
course survey; of the 17 participants who did not
respond, there was no significant difference in the
distribution of geographic regions from the original
study cohort. Of the course participants, The World
Health Organization Global Burden of Disease
(GBD) Region most represented was sub-Saharan
Africa (34.2% of participants, including surgeons
from Nigeria, Ethiopia, Tanzania, Ghana, Malawi,
Kenya, Cameroon, Sierra Leone, South Africa, and
Uganda), 27.8% of participants practiced in the
South Asia GBD Region (Bangladesh, Nepal, Paki-
stan, Afghanistan, and India), and 21.5% of partic-
ipants practiced in the Southeast Asia, East Asia,
and Oceania GBD Region (Philippines, Myanmar,
Cambodia, and Vietnam) (Table 2). The majority of
participants (77.5%) claimed some academic teach-
ing affiliation, and nearly 75% indicated that at least
20%-40% of lower-extremity operative cases were
associated with or had complications related to
soft-tissue injury. Most importantly, course partici-
pants estimated that 93.3% of the 970 amputations
performed over the span of the previous year were
due to inability to manage soft-tissue injury
(Table 2).

For the postcourse survey, the median participant
scores were �4.5 and mean participant scores were
�4.4 for all 14 evaluation categories out of a 5-
point Likert scale (Table 3). The highest-rated
components of the course were the “value of infor-
mation” presented in didactics (mean 4.8 [0.4]),
“knowledge of surgeons” in course didactics (mean
4.8 [0.4]), and “communication of course logistics”
(mean 4.8 [0.4]). The biggest areas identified for
future improvement were “time allocated” for didac-
tic lectures (mean: 4.4 [0.6]) and “how well did the
course meet your learning objectives?” (mean 4.4
[0.5]), although both were above the “Very Good”
threshold.

At 1-year follow-up, 100% of responding partic-
ipants indicated that they had successfully per-
formed flap reconstruction (vs 0% precourse; P <
0.01); 93.3% of 594 total flaps attempted were suc-
cessful, and flaps were responsible for deterring 116



Table 2. Demographics of Surgical Management and Reconstruction Training (SMART) Course Participants

Variables Participant Characteristics (N ¼ 51)

Teaching-hospital affiliated 77.5%

Region of practice

Sub-Saharan Africa 34.2%

North Africa and Middle East 1.9%

Central Europe, Eastern Europe, Central Asia 0.7%

Latin America and Caribbean 13.9%

Southeast Asia, East Asia, Oceania 21.5%

South Asia 27.8%

Max number of amputations performed in 1 year 970

Max number of amputations performed in 1 year due to inability to manage soft-tissue injury 905
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amputations (Table 4). On average, each course par-
ticipant attempted 17.5 flaps and averted 3.4 limbs
amputations over the course of a year, which is the
equivalent of saving nearly 1 limb for every 5 flaps
attempted.

Of flaps attempted at least 10 times, the thenar
(35/35), axial (32/32), kite (11/11), and flexor carpi
ulnaris (11/11) flaps had 100% self-reported success
rates. In contrast, the most challenging flaps to per-
form were reverse sural (80% success rate) and groin
(81.3% success rate) (Table 4). The flaps most fre-
quently utilized were the gastrocnemius (107
attempts), V-Y hand (93 attempts), soleus (72
attempts), and cross-finger (69 attempts), which,
combined, deterred 72 amputations, or 62.1% of total
amputations averted (Fig. 1). Of note, the sural flap
was the eighth most frequently attempted (31
attempts) but ranked fifth in overall amputations
averted (10). A direct correlation was found between
Table 3. Participant Response to Postcourse Survey (5 [ Excellent

Question Asked Media

For the hands-on surgical skills portion of the course, please rate the

Quality of presentations

Value of info

Applicability to practice

Based on didactics, please rate the following:

Knowledge of surgeons

Quality of presentation

Value of information

Applicability to practice

Time allocated

How well did the course meet your learning objectives?

For Overall Course Logistics, please rate the following:

Organization of program

Efficient time use

Communication of course logistics
the number of flaps attempted and total amputations
averted (r ¼ 0.90 P < 0.01), but no correlation was
found between flap success rate and total amputations
averted (r ¼ e0.36; P ¼ 0.11).

With respect to dissemination of SMART
course skills, 33 (97%) of 1-year follow-up respond-
ents reported teaching flap reconstruction techni-
ques to colleagues or residents, and they estimated
that 28 additional surgeons undertook flap recon-
struction as a result of information dissemination.

D I S CU S S I ON

The SMART course in San Francisco allowed par-
ticipating orthopedic surgeons practicing in LMICs
to improve their ability to manage soft-tissue injury.
On average, each course participant could poten-
tially save nearly 1 limb for every 5 flaps attempted
after utilizing SMART course flap reconstruction
, 4 [ Very Good, 3 [ Good, 2 [ Fair, 1 [ Poor)

n Response Score Mean Response Score (Standard Deviation)

following:

5 4.6 (0.4)

5 4.7 (0.4)

5 4.6 (0.6)

5 4.8 (0.4)

5 4.7 (0.4)

5 4.8 (0.4)

5 4.6 (0.6)

4.5 4.4 (0.6)

4.5 4.4 (0.5)

5 4.7 (0.5)

5 4.6 (0.5)

5 4.8 (0.4)



Table 4. Total Flaps Performed, Total Successful, and Total Amputations Averted 1 Year Poscourse

Flaps Total Attempts (n ¼ 34) Total Successful (n ¼ 34) Success Rate (%) Total Amputations Averted (n ¼ 34)

Soleus 72 67 93.10 23

Gastrocnemius 107 99 92.50 20

Cross-finger 69 62 89.90 15

V-Y hand 93 89 95.70 14

Sural 31 29 93.50 10

Thenar 35 35 100 5

Latissimus 13 12 92.30 5

Gluteus 12 11 91.70 4

Groin 16 13 81.30 4

Axial 32 32 100 3

Radial forearm 9 9 100 3

Reverse sural 40 32 80 3

VY sacrum 27 26 96.30 3

Tensor fascia latae 5 5 100 2

Kite 11 11 100 1

Anconeus 2 2 100 1

Flexor carpi ulnaris 11 11 100 0

Brachioradialis 1 1 100 0

Flexor carpi radialis 1 1 100 0

Reverse radial forearm 4 4 100 0

Posterior thigh 2 2 100 0

Gracilis 1 1 100 0

Totals 594 554 93.30 116

n, number of participants who responded to the one-year survey.
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techniques. Participants may also have achieved as
high as a 93.3% self-reported success rate on all
flaps attempted, which is only slightly lower than
the 96% success rate reported for >1-year flap
reconstruction outcomes for patients who sustained
traumatic war injuries.25 Although the SMART
course was taught only over a 2-day period, the
high self-reported success of flaps attempted sug-
gests that the 22 upper extremity, lower extremity,
and trunk flaps chosen for course content were
Figure 1. Top 5 flaps averting amputation: percentage of total am
reasonably applicable in resource-poor settings. In
addition, the high mean scores from the postcourse
evaluation survey demonstrate that participants were
satisfied with the value of learning reconstructive
techniques for soft-tissue wound management. Per-
haps the most objective indicator that competence
in soft-tissue reconstruction can be achieved
through a condensed course is that participants
felt confident enough to teach flap techniques to
28 additional colleagues by 1 year postcourse.
putations versus percentage of total flaps performed.
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Because it has been suggested that LMIC health
care personnel largely acquire skills through
colleague-directed transfer of knowledge, increasing
the skills and knowledge of SMART course partic-
ipants can potentially have a multiplier with respect
to information dissemination.26

To our knowledge, this is the first study to pro-
spectively examine how a soft-tissue management
course can affect flap procedure success and lower
amputation burden for LMIC-based orthopedic
surgeons. Thus, our study is different from the
existing surgical literature addressing the dispro-
portionate global soft-tissue injury burden in
LMICs. For instance, much has been written in
the plastic surgery literature about medical mis-
sions to resource-poor environments to provide
reconstructive expertise and surgical assistance
for trauma patients.27,28 However, the mission-
based service model has been criticized for being
a temporary solution to a longitudinal problem.7-
10,16 In light of the criticism, it has been suggested
that surgical mission and service trips be used as a
bridge for the development of more long-term
capacity to care for soft-tissue injuries.24,25 Thus,
given the flap success rate and dissemination of
information demonstrated by LMIC-based ortho-
pedic surgeons who participated in the SMART
course, this study adds to the literature by provid-
ing a potential sustainable alternative to manage
soft-tissue wounds and reduce amputation
burden.

Conversely, this study is similar to other studies
that have shown successful outcomes of surgical
courses designed to teach surgical and medical skills
to LMIC-based surgeons.16,26,29 For instance,
Merrell et al reported teaching microsurgical techni-
ques to surgeons in Vietnam on behalf of Operation
Smile, showing that reconstructive procedures can
be reliably transferred to resource-poor settings.16

Macleod et al described the ability of a 4-day funda-
mental critical care course to increase physician and
nursing student confidence to carry out critical care
procedures at 2 Kenyan hospitals.26 Our study adds
to the existing literature on the educational impact
of surgical courses by demonstrating that recon-
structive skills taught during a 2-day course can
effectively be applied up to 1 year after course
completion.

This study has several limitations. First, the post-
course survey and 1-year flap utilization evaluation
were self-reported, which may create bias toward
positive reporting. However, it has been suggested
that because surgeons make final decisions intrao-
peratively, there is no higher authority for self-
reported surveys on surgical outcome averted.30-32

In addition, given that course participants’ practices
span from Iraq to Myanmar, it would be logistically
challenging to collect official patient records from all
the affiliated hospitals located in 25 different coun-
tries. Second, no confidence scale by procedure was
recorded, which made quantitative evaluation of
surgical skill acquired more difficult to assess. How-
ever, our qualitative surveys were able to reasonably
determine the effect of soft-tissue injury at partici-
pant hospitals precourse and 1 year postcourse, as
epidemiological data in LMICs are often collected
through qualitative questions.11,17,33,34 Third, the
study had only a 66.7% follow-up rate, which does
not meet the 80% follow-up standard set for pro-
spective studies considered to provide Level I evi-
dence. An analysis by region, however, showed
that the 1-year respondents were still representative
of the original class cohort. In addition, to our
knowledge, our study has the longest follow-up
assessing impact of postcourse flap reconstruction
in the existing literature.

While our results suggest the SMART course
achieved its objective of teaching flap reconstruction
and reducing amputations stemming from soft-
tissue injury, participant feedback highlighted areas
for course adjustment. First, it is noteworthy that
4 flaps (soleus, gastrocnemius, cross-finger, V-Y
hand) accounted for 62.1% of amputations averted
and 58% of total number of flaps attempted.
Thus, organizers of future flap reconstruction
courses may consider focusing on teaching flaps
that are most frequently utilized and have the high-
est amputation-reduction yield. In addition, certain
flaps, such as groin and reverse sural, had success
rates at least 10% below the average. Therefore,
future investigation into why certain flaps are
more successful than others in resource-poor set-
tings may be warranted.

CONC LU S I ON

The SMART course can give orthopedic surgeons
practicing in LMICs the skills and knowledge to
successfully perform flaps and reduce the self-
reported incidence of amputation in low-resource
settings. In addition, the impact of the SMART
course may be multiplied through dissemination
of information at regional LMIC institutions.
Although this course offers a collaborative,
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sustainable approach to reduce global surgery dis-
parities in amputation, many other variables need
to be accounted for in LMIC orthopedic hospitals
before local surgical capacity can be fully
developed. Furthermore, future investigation into
the educational value and cost of hosting a
SMART course directly at a LMIC site is
warranted.
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