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Background: Previous studies have demonstrated that nonwhite race and dis-
advantaged socioeconomic status negatively impact outcomes following lower
extremity reconstruction. The authors sought to characterize differences
in outcomes between racial groups in patients necessitating traumatic lower
extremity reconstruction at an orthoplastic limb salvage center.

Methods: A retrospective review between 2002 and 2019 was conducted of
patients who underwent free flap lower extremity reconstruction at an ortho-
plastic limb salvage center. Patient demographics were identified, and perma-
nent addresses were used to collect census data. Short-term complications and
long-term functional status were recorded.

Results: One hundred seventy-three patients underwent lower extremity reconstruc-
tion and met inclusion criteria. Among all three groups, African American patients
were more likely to be single (80 percent African American versus 49 percent
Caucasian and 29.4 percent other; p < 0.05) and had significantly lower rates of pri-
vate insurance compared with Caucasian patients (25 percent versus 56.7 percent;
$<0.05). African American patients demonstrated no significant differences in total
flap failure (4.9 percent versus 8 percent and 5.6 percent; p = 0.794), reoperations
(10 percent versus 5.8 percentand 16.7 percent; p=0.259), and number of readmis-
sions (2.4 versus 2.0 and 2.1; p = 0.624). Chronic pain management (53.3 percent
versus 44.2 percent and 50 percent; p = 0.82), full weight-bearing status (84.2 per-
cent versus 92.7 percent and 100 percent; p=0.507), and ambulation status (92.7
percent versus 100 percent and 100 percent; p = 0.352) were similar among groups.
Conclusions: Outcomes are equivalent between racial groups presenting to an
orthoplastic limb salvage center for lower extremity reconstruction. The postop-
erative rehabilitation strategies, follow-up, and overall support that an orthoplastic
limb salvage center ensures may lessen the impact of socioeconomic disparities in
traumatic lower extremity reconstruction.  (Plast. Reconstr. Surg. 148: 646, 2021.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Risk, II.

igh-energy traumatic lower extremity inju-
ries are often difficult to treat because of
extensive soft-tissue loss, neurovascular
compromise, and bony defects. Historically, ampu-
tation was the primary treatment for the mangled
lower extremity. Vascularized free tissue transfer,
however, has now become the standard of care for
achieving limb salvage at trauma centers across
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the United States, because of both patient prefer-
ence and noninferior outcomes in comparison to
amputation.'”

Prior studies have shown that certain racial
and socioeconomic factors may worsen outcomes
following lower extremity reconstruction.”” The
2002 Lower Extremity Assessment Project showed
that factors such as nonwhite race, lack of private
insurance, poor social support, and others were
associated with greater disability following lower
extremity reconstruction.” In addition, previous
studies in the orthopedic, vascular, and trauma
surgery literature have all demonstrated racial
disparities in lower extremity outcomes between
African American patients and patients of other
racial backgrounds.”® Across the United States,
African Americans and Hispanics suffer from
nontraumatic lower extremity amputations at
increased rates in comparison to Caucasians.””
In fact, not only are amputation rates higher for
African Americans and Hispanics, but minorities
have been shown to also suffer from higher ampu-
tation levels."’

In the pastfewdecades, microsurgical advances
and a multidisciplinary approach to limb salvage
that involves plastic and orthopedic surgeons—
termed the orthoplastic approach''—has helped
improve functional outcomes and decrease com-
plication rates following lower extremity recon-
struction.'*" Prior studies have investigated racial
differences in lower extremity reconstruction®’;
however, to our knowledge, there have been no
reports on racial differences in short- and long-
term outcomes following orthoplastic lower
extremity reconstruction. The authors hypoth-
esize that the adaptation of multidisciplinary spe-
cialized care in an orthoplastic limb salvage center
in combination with vigilant rehabilitative and
social support services can help reduce previously
described racial disparities in outcomes, despite
greater socioeconomic barriers between various
racial backgrounds.

The authors performed a retrospective analy-
sis (May of 2002 to June of 2019) of all patients
referred to the University of Pennsylvania ortho-
plastic limb salvage center who required lower
extremity free flap reconstruction. Patients were
included if they suffered traumatic injuries to the
lower extremity below the knee requiring free flap
reconstruction, as a proxy for severity.'* Exclusion
criteria included patients younger than 18 years,
those who did not require a free flap to the lower

extremity, and those requiring a free flap for
causes exclusive of trauma.

A detailed review of patient medical records
was performed. Patients’ characteristics including
age, sex, and insurance status were gathered. Data
regarding self-identified race, relationship sta-
tus, employment status, and language preference
were also collected. Patient relationship with a pri-
mary care physician, which was defined as having
a documented primary care physician in the chart
on the date of flap coverage, was recorded. Race
variables included Caucasian, African American,
and other race, which encompassed Hispanic,
Asian/Pacific Islander, and other races (because
of low group numbers). Relationship status was
categorized as single or married/in relationship.
Divorced, widowed, and separated individuals
were considered single. Employment status was
categorized as employed or unemployed. Retired
patients or patients on disability were considered
unemployed.

U.S. Census characteristics were collected
from the American Community Survey 5-Year
Data (2018)." This is an ongoing survey that pro-
vides social, economic, demographic, and hous-
ing characteristics for the U.S. population with
data stratified by zip code.

Medical records were reviewed, and demo-
graphic factors, including age, sex, race, and
medical comorbidities, were collected. Medical
comorbidities included smoking history, chronic
obstructive pulmonary disease, peripheral vascular
disease, hypertension, and immunocompromised
status, which comprised patients with rheumato-
logic diseases or on chronic immunosuppressive
medications. Preoperative considerations, includ-
ing arterial injury diagnosed by formal or intra-
operative computed tomographic angiography,
infection status, and time from injury to definitive
flap coverage, were also analyzed.

Postoperative variables associated with free
flap outcomes were analyzed. Major periopera-
tive complications included were flap failure,
reoperation, and readmission. Partial flap failure
was defined as débridement and irrigation with
preservation of the original flap, and complete
failure was defined as partial or full débridement
of the original flap requiring an additional flap
to achieve adequate coverage for limb salvage.
Variables associated with short- and long-term
functional status, including weight-bearing sta-
tus, ambulation status, and need for chronic pain
management, were also analyzed. Briefly, dan-
gling starts four times per day at postoperative
day 15 for 15 minutes, postoperative day 17 for 30
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minutes, postoperative day 19 for 45 minutes, and
postoperative day 21 for 60 minutes until follow-
up. Our surgeons clear patients for weight-bear-
ing during follow-up.

Descriptive statistics were used to categorize
the incidence of variables of interest. Continuous
variables were compared using the Kruskal-Wallis
H test and the Mann-Whitney U test, where appli-
cable. Chi-square test and Fisher’s exact test were
used to compare categorical variables, as appropri-
ate. Post hoc testing using an applied Bonferroni
correction was used in scenarios in which a sig-
nificant difference was detected on univariate test-
ing. Univariate statistical significance was set at
$<0.05. Propensity score matching was conducted
following the identification of significant demo-
graphic differences by race to standardize analysis
of outcomes. Statistical calculations and analyses
were performed using IBM SPSS Version 25 (IBM
Corp., Armonk, N.Y.).

A total of 173 patients met inclusion criteria,
with 105 (60.7 percent) being Caucasian patients,
50 (28.9 percent) being African American
patients, and 18 (10.4 percent) being other
patients. Among all racial groups, patients had a
median age of 48 + 15 years. In total, 24.0 percent
of patients were classified as current smokers, and
21.7 percent were former smokers. Commonly
encountered comorbidities included hypertension
(34.5 percent), chronic obstructive pulmonary
disease (4.7 percent), peripheral vascular disease

Table 1. Demographics by Race

(7.0 percent), and immunocompromised status
(5.9 percent). Rates of comorbid conditions did
not differ between racial groups (p > 0.05 for all).

African Americans were significantly more
likely to be single compared to other races (African
Americans, 80 percent; Caucasians, 49 percent;
other, 29.4 percent; p < 0.001). Insurance status
was found to differ between groups (p < 0.001),
and on subgroup analysis, African American
patients were noted to have significantly lower
rates of private insurance compared to Caucasian
patients (25 percent versus 56.7 percent; p< 0.05).
Census data examining area of residence demon-
strated a significantly reduced median household
income for African Americans ($45,774 versus
$76,348 for Caucasians and $66,142 for other;
p < 0.001) and a significantly greater proportion
of residents under the poverty line (24.1 percent
versus 9 percent and 11.2 percent, respectively;
p < 0.001) (Table 1). Following matching, each
group was inclusive of 13 patients.

In total, 18.9 percent of patients were diag-
nosed with arterial injury, and 48.9 percent pre-
sented with preoperative infection. However,
these preoperative factors did not differ across
racial groups (p > 0.05 for all) (Table 2). Overall,
41.5 percent of patients received definitive wound
coverage within 30 days of injury, with no sig-
nificant difference in timing between groups.
Matched groups were also statistically similar
(p>0.05 for all).

Regarding complications, the partial flap fail-
ure rate in all patients was 10.5 percent, and the
total flap failure rate was 5.9 percent (Table 3).

Caucasian (%) African American (%) Other (%) p
No. 105 (60.7) 50 (28.9) 18 (10.4)
Age, yr 50 + 28 41 +25 50.5 + 23 0.038*
Sex 0.09
Male 76 (72.4) 40 (80) 17 (94.4)
Female 29 (27.6) 10 (20) 1 (5.6)
Relationship status <0.001*
Single 50 (49) 40 (80) 5 (29.4)
Married/in relationship 52 (51) 10 (20) 12 (70.6)
Current employment 47 (52.2) 14 (38.9) 5 (41.7) 0.362
PCP 41 (70.7) 15 (48.9) 6 (66.7) 0.112
Primary payor <0.001*
Uninsured 4 (4.4) 4 (10) 1 (6.7)
Medicaid 20 (22.2) 2 (b) 5(33.3)
Medicare 6 (6.7) 16 (40) 3 (20)
Private 51 (56.7) 10 (25) 3 (20)
Other 9 (10) 8 (20) 3 (20)
English language preference 103 (100) 50 (100) 14 (77.8) <0.001*
Census characteristics
Median household income $76,348 + $22,404 $45,774 + $18,535 $66,142 + $21,697 <0.001%*
% below poverty line 9.0+5.3 24.1+10.3 11.2+8.3 <0.001*
% HS graduate or higher 90.7 + 8.4 859 +4.4 89.4+5.6 <0.001*

PCP, primary care provider; HS, high school.
*Statistically significant (p < 0.05).
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Table 2. Medical Comorbidities and Preoperative Status by Race

Caucasian (%) African American (%) Other (%) p

Smoking status 0.07

Never 60 (58.3) 24 (48) 9 (50)

Former 25 (24.3) 7 (14) 5 (27.8)

Current 18 (17.5) 19 (38) 4 (22.2)
COPD 6 (5.8) 1(2) 1 (5.6) 0.566
PVD 8 (7.8) 3 (6) 1 (5.6) 0.893
HTN 36 (35.0) 17 (34) 6 (33.3) 0.987
Immunocompromised state 3 (5.1) 2 (7.7) 0 (0) 0.691
Soft-tissue coverage within 30 days 38 (36.9) 26 (52) 7 (38.9) 0.2
Presence of arterial injury 14 (18.7) 13 (26.5) 5 (27.8) 0.102
Preoperative infection 30 (50.8) 13 (48.1) 3 (37.5) 0.774

COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease; HTN, hypertension.

The rates of patients requiring reoperation (8.1
percent), readmission (56.8 percent), and osteo-
myelitis (30.2 percent) were also not significantly
different between groups (p > 0.05 for all). The
overall amputation rate was 4.6 percent, but was not
statistically different between groups (Caucasians,
3.8 percent; African Americans, 4 percent; other,
11.1 percent; p > 0.05). Readmission statistics,
which included number of patients requiring read-
mission, requiring multiple readmissions, and total
number of readmissions, were higher for African
Americans in comparison to Caucasian and other
patients, but the results were not statistically signifi-
cant (p > 0.05). Reasons for readmission included
both soft-tissue and orthopedic complications,

Table 3. Short- and Long-Term Outcomes by Race

such as postoperative infection, including osteo-
myelitis, bony malunion/nonunion, and the need
for secondary amputation or flap debulking. These
were similar between groups (p > 0.05). Long-term
outcomes were also found to be similar across
races, including ambulation status (69.1 percent
unassisted, 29.1 percent assisted), best weight-bear-
ing status (90.1 percent full), ability to return to
work (81.8 percent returned), and chronic pain
management at 9 months (46.8 percent) (p > 0.05
for all). Average time to partial (2 months versus 2
months versus 1.5 months) and full weight-bearing
(4.7 months versus 5.4 months versus 3.8 months)
was similar between groups (p > 0.05 for all).
Follow-up data sorted by duration demonstrated

Caucasian (%) African American (%) Other (%) p
Flap failure
ny 18 (17.5) 8 (16) 2 (11.1) 0.794

Total 5 (4.9) 4 (8) 1 (5.6) 0.738

Partial 13 (12.6) 4 (8) 1 (5.6) 0.524
Amputation 4 (3.8) 2 (4) 2 (11.1) 0.392
Reoperation 6 (5.8) 5 (10) 3 (16.7) 0.259
Readmission required 30 (51.7) 20 (66.7) 4 (57.1) 0.407
Multiple readmissions required 16 (27.6) 14 (46.7) 2 (28.6) 0.191
No. of readmissions 2+2 2+3 2+1 0.624
No. of procedures after free flap 2+1 1£2 1+3 0.442
Osteomyelitis 24 (32.9) 9 (26.5) 3 (25) 0.731
Ambulation status 0.352

No ambulation 0 (0) 1(7.7) 0 (0)

Ambulation with assistance 10 (27) 5 (38.5) 1 (20)

Unassisted ambulation 27 (73) 7 (53.8) 4 (80)
Best weight-bearing status 0.507

None 0 (0) 1 (5.3) 0 (0)

Partial 3 (7.3) 2 (10.5) 0 (0)

Full 38 (92.7) 16 (84.2) 6 (100)
Time to Fartial weight-bearing, mo 2+3 2+3 1.5+2 0.764
Time to full weight-bearing, mo 4.7+55 54+6.8 3.8+238 0.562
Able to return to work 13 (81.3) 5 (83.3) N/A 1
Preinjury narcotic use 3(9.4) 1(9.1) 0 (0) 0.903
Chronic pain management at 3 mo 24 (55.8) 9 (60) 2 (50) 0.927
Chronic pain management at 9 mo 19 (44.2) 8 (53.3) 2 (50) 0.82
No. of patients per follow-up duration

0-90 days 16 (15.2) 8 (16) 2 (11.1)

90-180 days 12 (11.4) 11 (22) 4 (22.2)

180-360 days 22 (20.9) 7 (14) 1 (5.6)

2360 days 55 (52.4) 24 (48) 11 (61.1)
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that the majority of patients from each racial cohort
followed up for greater than 360 days (African
Americans, 48 percent; Caucasians, 52.4 percent;
and other, 61.1 percent). Other outcomes data
are also listed in Table 3. There were no statistical
differences in outcomes between matched groups
(p>0.05 for all).

The presented study sought to investigate
whether the resources of an orthoplastic limb
salvage center leveled the playing field between
patients from different racial and socioeconomic
backgrounds presenting for traumatic lower
extremity reconstruction. African American
patients demonstrated similar socioeconomic
disadvantages to those that have been previously
described in the literature,'® suggesting that they
would be susceptible to increased disability fol-
lowing lower extremity reconstruction. They had
significantly lower rates of private insurance in
comparison to Caucasians, which may obstruct
adequate care during both the preoperative and
postoperative period. African American patients
were less likely to be married/in a relationship,
a potential surrogate for social support that has
been found to improve care and outcomes.'”
Furthermore, African American patients live
in communities with lower median household
incomes and higher poverty rates than patients
of other races, which may compound the dispari-
ties in access to care.*'® Despite these socioeco-
nomic differences, this study found that African
American patients had short- and long-term out-
comes similar to those of other racial groups fol-
lowing traumatic lower extremity reconstruction.
Short-term complications were similar between
groups. Long-term outcomes, captured by met-
rics of limb function, such as ambulation status,
weight-bearing status, return to work after recon-
struction, and chronic pain management, were
also found to be similar between groups. These
metrics all require patient participation in their
own care, which sheds light on the effectiveness
of not only the patient-provider relationship, but
also the multiple other services available at an
orthoplastic limb salvage center despite the vari-
ous obstacles that may impede optimal care.

Studies in breast surgery, craniofacial sur-
gery, and hand surgery have demonstrated
access and outcomes disparities between racial
groups, leading to differences in postmastectomy
breast reconstruction, craniosynostosis repair,
and replantation rates."”*! With regard to lower
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extremity reconstruction, racial differences in
rates of diabetic limb salvage have led to a dis-
proportionate amputation rate among African
Americans in comparison to Caucasians.”"’
Significant differences also exist in total knee
arthroplasty rates, as African Americans have
fewer attempts at arthroplasty and higher compli-
cation rates if they do undergo total knee arthro-
plasty in comparison to Caucasians.*

Causes for these racial disparities are undoubt-
edly multifactorial, with inadequate access to
care,” insufficient health literacy,” and disad-
vantaged socioeconomic status, among other fac-
tors, all playing a role. Importantly, other studies
have demonstrated significant differences in care
between racial groups even when controlling for
medical and social risk factors.”?>?** This can
occasionally be attributed to a concept called
“statistical discrimination.” Briefly, this concept
proposes that physician bias and misperceptions
about the severity of a patient’s illness can induce
practitioners to alter their clinical decision-mak-
ing between patients from different racial and
ethnic backgrounds despite minimal medical
differences.”?°

Traumatic lower extremity injuries have been
thought to be less susceptible to racial differ-
ences in care because of their nonelective nature,
thereby removing more subjective influencers
on clinical decision-making; however, studies
have shown mixed results. The Lower Extremity
Assessment Project study demonstrated that non-
white race and low socioeconomic status led to
greater disability following lower extremity recon-
struction,” and subsequent studies have since
confirmed their findings.”* A different study
evaluating racial differences in tibial fracture out-
comes at a Level I trauma center found no differ-
ences in rates of reoperation or infection between
racial groups but, importantly, they did not assess
long-term functional metrics.”

Outside of the limb salvage literature, there
have been some methods proven to improve
minority patients’ health care outcomes. A 2012
article by Chin et al. summarizes 12 systematic
reviews that implemented health care interven-
tions to reduce racial and ethnic disparities in
asthma, human immunodeficiency virus, colorec-
tal cancer, prostate cancer, and cervical cancer
care.” They found that culturally tailored inter-
ventions and ones that involved multidisciplinary
care teams improved outcomes. In addition,
strategies that actively engaged patients’ families
and community members in patient care were
effective. Finally, interactive skills training that
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increased health literacy and modified behavior
was more effective than didactic learning.
Historically, African Americans suffer from
worse medical and surgical outcomes in com-
parison to other races in the United States.'®*""!
Although African American patients had rates of
medical comorbidities similar to those of patients
from other racial groups in this study, African
American patients suffer from greater rates of dia-
betes™ and peripheral vascular disease® in com-
parison with Caucasians in the United States. They
also receive inadequate pain management for
acute and chronic pain in comparison with other
racial groups, even when controlling for age, sex,
and pain intensity.”* Based on the presented expe-
rience, the authors believe that care at an ortho-
plastic limb salvage center may help mitigate the

effects of race and socioeconomic status on out-
comes following lower extremity reconstruction.
An orthoplastic limb salvage center is a special-
ized multidisciplinary center that coordinates care
from experts in microvascular surgery, revascular-
ization procedures, complex fracture care, and
other limb salvage techniques, all of which have
been shown to optimize patient care” (Fig. 1).
Multidisciplinary surgical care at a high-volume
center that specializes in limb salvage such as our
orthoplastic limb salvage center may improve
minority outcomes while decreasing statistical dis-
crimination. Fear of factors that may dissuade a
surgeon from reconstructing a traumatized lower
extremity, such as the prevalence of diabetes,
peripheral vascular disease, and poor social sup-
port in African Americans, is largely not an issue

Stage of Care Team Members Role in Care

Triage Triage Team Assess injury severity
- Emergency physicians - Fracture characterization
- Trauma surgeons - Soft tissue injury
- Orthopedic trauma on-call provider - Neurovascular injury
- Plastic surgery on-call provider

Medical Orthoplastic Limb Salvage Team Optimize surgical outcomes

ot (Inpatient) - Complex fracture care

Optmnzatlon - Orthopedic trauma service* - Soft tissue reconstruction
- Plastic surgery service* - Vascular assessment and intervention

Surgical - Vascular surgery - Ensure optimal infection control

: - Infectious disease - Diabetes management

Intervention - Endocrinology - Ensure optimal pain management plan
- Anesthesia/pain management - Assess ﬂap_ viabil_ity, patient concerns
- Specialized nursing care - Ensure optimal discharge plan
- Social work

Follow up Orthoplastic Limb Salvage Team Optimize long term outcomes

(Outpatient) - Assess durability of reconstruction,
- Orthopedic trauma team* manage complications, coordinate care
- Plastic surgery team* - Help strengthen reconstructed extremity,
- Physical therapists confer patient specific strengthening
- Orthotist/prosthetist regunen, 51?1115 training
- Social work - Ensure optimal infection control
- Provide orthotics/prosthetics
- Continually coordinate social
contributors to care
\ 4

* denotes joint primary team

Fig. 1. Components of an orthoplastic limb salvage center organized by stage of lower extremity reconstruction care, team mem-

bers, and their respective roles in care.
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given the multidisciplinary expertise available. For
example, to optimize success rates following lower
extremity reconstruction, patients with evidence
of peripheral vascular disease benefit from either
bypass surgery or angioplasty/stenting procedures
before definitive reconstruction.’® Furthermore,
infectious disease input is almost a necessity in
patients presenting with chronic open traumatic
defects that are likely contaminated or have an
underlying component of osteomyelitis.” In addi-
tion, endocrinology/diabetes service consultation
perioperatively and postoperatively targets strict
glycemic control, which may help decrease recur-
rent osteomyelitis™ and flap complications.” Pain
management experts help manage patients’ pain
control needs both perioperatively and following
discharge.

In addition to the aforementioned services,
rehabilitation experts provide specialized physical
and occupational therapy to improve functional
outcomes and potentially reduce time needed
to return to work and activities of daily function.
Support from social workers and patient-advo-
cacy professionals also promote follow-up and
helps patients successfully reintegrate with their
communities. Importantly, our physicians highly
encourage collective decision-making and rely
on family input during early scheduled family
meetings to establish goals of care. It is likely that
this collaborative and longitudinal approach to
patient care, from initial injury through chronic
management, may buffer the effects of racial and
socioeconomic status on outcomes.

Altogether, our orthoplastic limb salvage cen-
ter incorporates important tenets that decrease
disparities in care, including immediate and
coordinated multidisciplinary care, family input
through early family meetings and goals-of-care
discussions, one-on-one skills training through
our limb salvage team’s members, and commu-
nity outreach through antiracism campaigns. The
availability of all these services for lower extrem-
ity reconstruction patients, which is less likely at
community centers and Level I trauma centers
without an orthoplastic limb salvage center, may
increase the efficacy of free flap reconstruction
for minority patients. We believe that centers with
the resources and capacity to establish an ortho-
plastic limb salvage center using a coordinated
management strategy as shown above may better
serve patients from racial minorities presenting
for lower extremity reconstruction. For centers
without the resources to do so, regional refer-
ral networks as previously studied in the United
Kingdom." and suggested in the United States®!

652

may expedite transfer of complex lower extrem-
ity trauma patients to an orthoplastic limb sal-
vage center. The Lower Extremity Guidelines
for Salvage is a referral framework that may help
centers promptly refer complex lower extremity
trauma patients to orthoplastic limb salvage cen-
ters, and thereby ensure optimal outcomes for
patients in a timely manner.”

Although our orthoplastic limb salvage center
has had a multifaceted approach to lower extrem-
ity reconstruction care that may benefit minor-
ity patients, we acknowledge the need for more
direct antiracist efforts. Recently, our institution
has emphasized creating a surgical workforce
more reflective of our patient population,” an
important tenet of addressing health care dispari-
ties. In addition, outreach campaigns to under-
served communities within greater Philadelphia
to improve health literacy on several prominent
surgical health care disparities has been a main-
stay of our program.”* Furthermore, at the
national level, several of the authors have been
instrumental in both the American College of
Surgeons (L.S.L.) and the American Board of
Surgery (P.D.B.) in creating programs to combat
racism in training programs, health care delivery,
and other societal disparities along racial and eth-
nic lines. %

Limitations to this study include its retro-
spective nature, which relies on prior docu-
mentation that may lead to inconsistencies in
the data collected. Furthermore, there were
limited data for long-term ambulatory/weight-
bearing status and narcotic use. In addition, a
multi-institutional data set may have provided
the numbers necessary to measure differences
more comprehensively between the patient pop-
ulations. Using zip code data rather than more
specific patient-centered stratification reduces
the granularity and ultimate specificity of our
demographic findings. Larger studies may allow
for more detailed analysis with more specific
patient-geographic data. Although we credit the
orthoplastic limb salvage center for minimizing
the effects of racial and socioeconomic dispari-
ties on outcomes, the exact interventions that
reduced outcomes disparities in lower extremity
reconstruction still need to be determined. In
addition, the results from this study cannot be
extrapolated to smaller limb salvage centers, as
their protocols may differ from ours. Although
our results are encouraging, more studies that
investigate how to optimize care for African
American patients and patients from differ-
ent racial and socioeconomic backgrounds are



Volume 148, Number 3 ® Racial Outcomes in Limb Salvage

needed. We did not have functional outcome
data available, although our institution is in the
process of implementing and standardizing this
to all lower extremity reconstruction patients.
Studies that look into racial disparities using
patient-recorded outcomes, such as the LIMB-Q),
can be a very valuable addition to the literature
to more comprehensively grasp the implications
put forth in patient care.*>*

CONCLUSIONS

Historically, African Americans suffer greater
disability following high-energy traumatic lower
extremity injury. An orthoplastic limb salvage cen-
ter may mitigate the effects of race and socioeco-
nomic status on outcomes following limb salvage
by promoting multidisciplinary collaboration,
rigorous physical therapy, and optimal follow-up.
The orthoplastic limb salvage center model can be
adopted at more trauma centers to help increase
limb salvage success in minority communities.
Once stable, all patients with high-energy lower
extremity trauma should promptly be referred to
an orthoplastic limb salvage center for consider-
ation for reconstruction, as the decision to ampu-
tate is irreversible.
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Division of Plastic Surgery

Department of Surgery

University of Pennsylvania Health System
51 North 39th Street

Wright Saunders Building

Philadelphia, Pa. 19104

stephen.kovach@pennmedicine.upenn.edu

REFERENCES

1. Dagum AB, Best AK, Schemitsch EH, Mahoney JL., Mahomed
MN, Blight KR. Salvage after severe lower-extremity trauma:
Are the outcomes worth the means? Plast Reconstr Surg.
1999;103:1212-1220.

2. Bosse MJ, MacKenzie EJ, Kellam JF, et al. An analysis of out-
comes of reconstruction or amputation after leg-threatening
injuries. N Engl ] Med. 2002;347:1924-1931.

3. MacKenzie EJ, Bosse MJ, Kellam JF, et al.; LEAP Study Group.
Factors influencing the decision to amputate or recon-
struct after high-energy lower extremity trauma. | Trauma
2002;52:641-649.

4. Feinglass J, Rucker-Whitaker C, Lindquist L, McCarthy W]J,
Pearce WH. Racial differences in primary and repeat lower
extremity amputation: Results from a multihospital study. /
Vasc Surg. 2005;41:823-829.

5. Weber DJ, Shoham DA, Luke A, Reed RL II, Luchette FA.
Racial odds for amputation ratio in traumatic lower extrem-
ity fractures. J Trauma 2011;71:1732-1736.

6. Skaggs DL, Lehmann CL, Rice C, et al. Access to orthopae-
dic care for children with Medicaid versus private insur-
ance: Results of a national survey. J Pediatr Orthop. 2006;26:
400-404.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

24.

25.

. ScienceDaily. African Americans have five times higher

amputation rate. Available at: www.sciencedaily.com/
releases/2008/04/080428104534.htm. Accessed June 5,
2020.

. Presser L. The black American amputation epidemic.

Available  at:  https://features.propublica.org/diabetes-
amputations/black-american-amputation-epidemic/.
Accessed June 5, 2020.

. Mustapha JA, Fisher BT, Rizzo JA, et al. Explaining racial dis-

parities in amputation rates for the treatment of peripheral
artery disease (PAD) using decomposition methods. J Racial
Ethn Health Disparities 2017;4:784-795.

Lefebvre KM, Lavery LA. Disparities in amputations in
minorities. Clin Orthop Relat Res. 2011;469:1941-1950.

Levin LS. The reconstructive ladder: An orthoplastic
approach. Orthop Clin North Am. 1993;24:393-409.

Boriani F, Ul Haq A, Baldini T, et al. Orthoplastic surgical
collaboration is required to optimise the treatment of severe
limb injuries: A multi-centre, prospective cohort study. J Plast
Reconstr Aesthet Surg. 2017;70:715-722.

Sommar P, Granberg Y, Halle M, Skogh AC, Lundgren KT,
Jansson KA. Effects of a formalized collaboration between
plastic and orthopedic surgeons in severe extremity trauma
patients; a retrospective study. | Trauma Manag Oulcomes
2015;9:3.

Gustilo RB, Mendoza RM, Williams DN. Problems in the
management of type III (severe) open fractures: A new
classification of type III open fractures. | Trauma 1984;24:
742-746.

U.S. Census Bureau. American community survey, 2018
American community survey 5-year estimates. Available at:
https://data.census.gov/cedsci/. Accessed April 23, 2020.
Williams DR, Mohammed SA, Leavell |, Collins C. Race,
socioeconomic status, and health: Complexities, ongoing
challenges, and research opportunities. Ann N Y Acad Sci.
2010;1186:69-101.

Theiss MM, Ellison MW, Tea CG, Warner JF, Silver RM,
Murphy V]. The connection between strong social support
and joint replacement outcomes. Orthopedics 2011;34:357.
Gornick ME, Eggers PW, Reilly TW, et al. Effects of race and
income on mortality and use of services among Medicare
beneficiaries. N Engl ] Med. 1996;335:791-799.

Butler PD, Nelson JA, Fischer JP, et al. Racial and age dispari-
ties persist in immediate breast reconstruction: An updated
analysis of 48,564 patients from the 2005 to 2011 American
College of Surgeons National Surgery Quality Improvement
Program data sets. Am | Surg. 2016;212:96-101.

Brown ZD, Bey AK, Bonfield CM, et al. Racial disparities in
health care access among pediatric patients with craniosyn-
ostosis. | Neurosurg Pediatr. 2016;18:269-274.

Friedrich JB, Poppler LH, Mack CD, Rivara FP, Levin LS, Klein
MB. Epidemiology of upper extremity replantation surgery
in the United States. | Hand Surg Am. 2011;36:1835-1840.
Pierce TP, Elmallah RK, Lavernia CJ, et al. Racial disparities
in lower extremity arthroplasty outcomes and use. Orthopedics
2015;38:1139-e1146.

. Mayberry RM, Mili F, Ofili E. Racial and ethnic differences

in access to medical care. Med Care Res Rev. 2000;57 (Suppl
1):108-145.

Mantwill S, Monestel-Umana S, Schulz PJ. The relationship
between health literacy and health disparities: A systematic
review. PLoS One 2015;10:e0145455.

McGuire TG, Ayanian JZ, Ford DE, Henke RE, Rost KM,
Zaslavsky AM. Testing for statistical discrimination by race/
ethnicity in panel data for depression treatment in primary
care. Health Serv Res. 2008;43:531-551.

653


mailto:stephen.kovach@pennmedicine.upenn.edu?subject=
https://doi.org/10.1097/00006534-199904040-00017
https://doi.org/10.1097/00006534-199904040-00017
https://doi.org/10.1097/00006534-199904040-00017
https://doi.org/10.1097/00006534-199904040-00017
https://doi.org/10.1056/NEJMoa012604
https://doi.org/10.1056/NEJMoa012604
https://doi.org/10.1056/NEJMoa012604
https://doi.org/10.1097/00005373-200204000-00005
https://doi.org/10.1097/00005373-200204000-00005
https://doi.org/10.1097/00005373-200204000-00005
https://doi.org/10.1097/00005373-200204000-00005
https://doi.org/10.1016/j.jvs.2005.01.040
https://doi.org/10.1016/j.jvs.2005.01.040
https://doi.org/10.1016/j.jvs.2005.01.040
https://doi.org/10.1016/j.jvs.2005.01.040
https://doi.org/10.1097/TA.0b013e31823c5f94
https://doi.org/10.1097/TA.0b013e31823c5f94
https://doi.org/10.1097/TA.0b013e31823c5f94
https://doi.org/10.1097/01.bpo.0000217715.87857.24
https://doi.org/10.1097/01.bpo.0000217715.87857.24
https://doi.org/10.1097/01.bpo.0000217715.87857.24
https://doi.org/10.1097/01.bpo.0000217715.87857.24
http://www.sciencedaily.com/releases/2008/04/080428104534.htm
http://www.sciencedaily.com/releases/2008/04/080428104534.htm
https://features.propublica.org/diabetes-amputations/black-american-amputation-epidemic/
https://features.propublica.org/diabetes-amputations/black-american-amputation-epidemic/
https://doi.org/10.1007/s40615-016-0261-9
https://doi.org/10.1007/s40615-016-0261-9
https://doi.org/10.1007/s40615-016-0261-9
https://doi.org/10.1007/s40615-016-0261-9
https://doi.org/10.1007/s11999-011-1842-x
https://doi.org/10.1007/s11999-011-1842-x
https://doi.org/10.1016/j.bjps.2017.02.017
https://doi.org/10.1016/j.bjps.2017.02.017
https://doi.org/10.1016/j.bjps.2017.02.017
https://doi.org/10.1016/j.bjps.2017.02.017
https://doi.org/10.1186/s13032-015-0023-4
https://doi.org/10.1186/s13032-015-0023-4
https://doi.org/10.1186/s13032-015-0023-4
https://doi.org/10.1186/s13032-015-0023-4
https://doi.org/10.1186/s13032-015-0023-4
https://doi.org/10.1097/00005373-198408000-00009
https://doi.org/10.1097/00005373-198408000-00009
https://doi.org/10.1097/00005373-198408000-00009
https://doi.org/10.1097/00005373-198408000-00009
https://data.census.gov/cedsci/
https://doi.org/10.1111/j.1749-6632.2009.05339.x
https://doi.org/10.1111/j.1749-6632.2009.05339.x
https://doi.org/10.1111/j.1749-6632.2009.05339.x
https://doi.org/10.1111/j.1749-6632.2009.05339.x
https://doi.org/10.3928/01477447-20110317-02
https://doi.org/10.3928/01477447-20110317-02
https://doi.org/10.3928/01477447-20110317-02
https://doi.org/10.1056/NEJM199609123351106
https://doi.org/10.1056/NEJM199609123351106
https://doi.org/10.1056/NEJM199609123351106
https://doi.org/10.1016/j.amjsurg.2015.08.025
https://doi.org/10.1016/j.amjsurg.2015.08.025
https://doi.org/10.1016/j.amjsurg.2015.08.025
https://doi.org/10.1016/j.amjsurg.2015.08.025
https://doi.org/10.1016/j.amjsurg.2015.08.025
https://doi.org/10.3171/2016.1.PEDS15593
https://doi.org/10.3171/2016.1.PEDS15593
https://doi.org/10.3171/2016.1.PEDS15593
https://doi.org/10.1016/j.jhsa.2011.08.002
https://doi.org/10.1016/j.jhsa.2011.08.002
https://doi.org/10.1016/j.jhsa.2011.08.002
https://doi.org/10.3928/01477447-20151123-05
https://doi.org/10.3928/01477447-20151123-05
https://doi.org/10.3928/01477447-20151123-05
https://doi.org/10.1177/1077558700057001S06
https://doi.org/10.1177/1077558700057001S06
https://doi.org/10.1177/1077558700057001S06
https://doi.org/10.1371/journal.pone.0145455
https://doi.org/10.1371/journal.pone.0145455
https://doi.org/10.1371/journal.pone.0145455
https://doi.org/10.1111/j.1475-6773.2007.00770.x
https://doi.org/10.1111/j.1475-6773.2007.00770.x
https://doi.org/10.1111/j.1475-6773.2007.00770.x
https://doi.org/10.1111/j.1475-6773.2007.00770.x

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Plastic and Reconstructive Surgery ® September 2021

Balsa AI, McGuire TG. Statistical discrimination in health
care. | Health Econ. 2001;20:881-907.

MacKenzie EJ, Bosse MJ, Kellam JF, et al. Early predictors of
long-term work disability after major limb trauma. | Trauma
2006;61:688-694.

Piposar ], Fowler JR, Gaughan JP, Rehman S. Race may not
affect [correct] outcomes in operatively treated tibia frac-
tures. Clin Orthop Relat Res. 2012;470:1513-1517.

Chin MH, Clarke AR, Nocon RS, et al. A roadmap and best
practices for organizations to reduce racial and ethnic dis-
parities in health care. | Gen Intern Med. 2012;27:992-1000.
Lucas FL, Stukel TA, Morris AM, Siewers AE, Birkmeyer JD.
Race and surgical mortality in the United States. Ann Surg.
2006;243:281-286.

Haider AH, Scott VK, Rehman KA, et al. Racial disparities in
surgical care and outcomes in the United States: A compre-
hensive review of patient, provider, and systemic factors. [ Am
Coll Surg. 2013;216:482-492.e12.

Centers for Disease Control and Prevention. Summary
health statistics: National Health Interview Survey: 2018.
Table A-4a. Available at: https://www.cdc.gov/nchs/nhis/
shs/tables.htm. Accessed May 15, 2020.

Collins TC, Petersen NJ, Suarez-Almazor M, Ashton CM. The
prevalence of peripheral arterial disease in a racially diverse
population. Arch Intern Med. 2003;163:1469-1474.

Mossey JM. Defining racial and ethnic disparities in pain
management. Clin Orthop Relat Res. 2011;469:1859-1870.
Azoury SC, Stranix | T, Othman S, et al. Outcomes following soft-
tissue reconstruction for traumatic lower extremity defects at an
orthoplastic limb salvage center: The need for Lower Extremity
Guidelines for Salvage (L.E.G.S.). Orthop Surg. 2021;3:1-7.
Hahn HM, Jeong YS, Hong YS, et al. Use of revascularized
artery as a recipient in microvascular reconstruction of the
lower leg: An analysis of 62 consecutive free flap transfers. J
Plast Reconstr Aesthet Surg. 2017;70:606-617.

Hannigan GD, Pulos N, Grice EA, Mehta S. Current concepts
and ongoing research in the prevention and treatment of open
fracture infections. Adv Wound Care (New Rochelle) 2015;4:59-74.
Wells MD, Bowen CV, Manktelow RT, Graham ], Boyd
JB. Lower extremity free flaps: A review. Can [ Surg.
1996;39:233-239.

654

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Rosado P, Cheng HT, Wu CM, Wei FC. Influence of diabetes
mellitus on postoperative complications and failure in head
and neck free flap reconstruction: A systematic review and
meta-analysis. Head Neck 2015;37:615-618.

Naique SB, Pearse M, Nanchahal J. Management of severe
open tibial fractures: The need for combined orthopaedic
and plastic surgical treatment in specialist centres. | Bone
Joint Surg Br. 2006;88:351-357.

Shammas RL, Mundy LR, Truong T, et al. Identifying predic-
tors of time to soft-tissue reconstruction following open tibia
fractures. Plast Reconstr Surg. 2018;142:1620-1628.

Butler PD, Aarons CB, Ahn J, et al. Leading from the front:
An approach to increasing racial and ethnic diversity in sur-
gical training programs. Ann Surg. 2019;269:1012-1015.
Hoffman RL, Bryant B, Allen SR, Lee MK, Aarons CB, Kelz
RR. Using community outreach to explore health-related
beliefs and improve surgeon-patient engagement. | Surg Res.
2016;206:411-417.

Familusi O, Rios-Diaz AJ, Tilahun ED, et al. Post-mastectomy
breast reconstruction: Reducing the disparity through edu-
cational outreach to the underserved. Support Care Cancer
2021;29:1055-1063.

University of Pennsylvania Perelman School of Medicine.
Office of inclusion and diversity. ACT: Action for cultural
transformation. Available at: https://www.med.upenn.edu/
inclusion-and-diversity/act-action-for-cultural-transforma-
tion.html. Accessed November 13, 2020.

American College of Surgeons. American College of Surgeons
Task Force on Racial Issues: Report of recommendations.
Available at: https://www.facs.org/~/media/files/about-
ACS/committees/ACS_Anti_Racism_Task_Force_Report_
Recommendations.ashx. Accessed November 13, 2020.
Stewart JH IV, Butler PD, Tseng JF, Kennard AC, Mellinger
JD, Buyske J. Acknowledgement, reflection, and action: The
American Board of Surgery leans into antiracism. Ann Surg.
2021;273:619-622.

Mundy LR, Klassen A, Grier AJ, et al. Identifying factors most
important to lower extremity trauma patients: Key concepts
from the development of a patient-reported outcome instru-
ment for lower extremity trauma: The LIMB-Q. Plast Reconstr
Surg. 2020;145:1292-1301.


https://doi.org/10.1016/s0167-6296(01)00101-1
https://doi.org/10.1016/s0167-6296(01)00101-1
https://doi.org/10.1097/01.ta.0000195985.56153.68
https://doi.org/10.1097/01.ta.0000195985.56153.68
https://doi.org/10.1097/01.ta.0000195985.56153.68
https://doi.org/10.1007/s11999-011-2142-1
https://doi.org/10.1007/s11999-011-2142-1
https://doi.org/10.1007/s11999-011-2142-1
https://doi.org/10.1007/s11606-012-2082-9
https://doi.org/10.1007/s11606-012-2082-9
https://doi.org/10.1007/s11606-012-2082-9
https://doi.org/10.1097/01.sla.0000197560.92456.32
https://doi.org/10.1097/01.sla.0000197560.92456.32
https://doi.org/10.1097/01.sla.0000197560.92456.32
https://doi.org/10.1016/j.jamcollsurg.2012.11.014
https://doi.org/10.1016/j.jamcollsurg.2012.11.014
https://doi.org/10.1016/j.jamcollsurg.2012.11.014
https://doi.org/10.1016/j.jamcollsurg.2012.11.014
https://www.cdc.gov/nchs/nhis/shs/tables.htm
https://www.cdc.gov/nchs/nhis/shs/tables.htm
https://doi.org/10.1001/archinte.163.12.1469
https://doi.org/10.1001/archinte.163.12.1469
https://doi.org/10.1001/archinte.163.12.1469
https://doi.org/10.1007/s11999-011-1770-9
https://doi.org/10.1007/s11999-011-1770-9
https://doi.org/10.1016/j.orthop.2020.12.003
https://doi.org/10.1016/j.orthop.2020.12.003
https://doi.org/10.1016/j.orthop.2020.12.003
https://doi.org/10.1016/j.orthop.2020.12.003
https://doi.org/10.1016/j.bjps.2017.01.010
https://doi.org/10.1016/j.bjps.2017.01.010
https://doi.org/10.1016/j.bjps.2017.01.010
https://doi.org/10.1016/j.bjps.2017.01.010
https://doi.org/10.1089/wound.2014.0531
https://doi.org/10.1089/wound.2014.0531
https://doi.org/10.1089/wound.2014.0531
https://doi.org/10.1002/hed.23624
https://doi.org/10.1002/hed.23624
https://doi.org/10.1002/hed.23624
https://doi.org/10.1002/hed.23624
https://doi.org/10.1302/0301-620X.88B3.17120
https://doi.org/10.1302/0301-620X.88B3.17120
https://doi.org/10.1302/0301-620X.88B3.17120
https://doi.org/10.1302/0301-620X.88B3.17120
https://doi.org/10.1097/PRS.0000000000005007
https://doi.org/10.1097/PRS.0000000000005007
https://doi.org/10.1097/PRS.0000000000005007
https://doi.org/10.1097/SLA.0000000000003197
https://doi.org/10.1097/SLA.0000000000003197
https://doi.org/10.1097/SLA.0000000000003197
https://doi.org/10.1016/j.jss.2016.08.058
https://doi.org/10.1016/j.jss.2016.08.058
https://doi.org/10.1016/j.jss.2016.08.058
https://doi.org/10.1016/j.jss.2016.08.058
https://doi.org/10.1007/s00520-020-05589-5
https://doi.org/10.1007/s00520-020-05589-5
https://doi.org/10.1007/s00520-020-05589-5
https://doi.org/10.1007/s00520-020-05589-5
https://www.med.upenn.edu/inclusion-and-diversity/act-action-for-cultural-transformation.html
https://www.med.upenn.edu/inclusion-and-diversity/act-action-for-cultural-transformation.html
https://www.med.upenn.edu/inclusion-and-diversity/act-action-for-cultural-transformation.html
https://www.facs.org/~/media/files/about-ACS/committees/ACS_Anti_Racism_Task_Force_Report_Recommendations.ashx
https://www.facs.org/~/media/files/about-ACS/committees/ACS_Anti_Racism_Task_Force_Report_Recommendations.ashx
https://www.facs.org/~/media/files/about-ACS/committees/ACS_Anti_Racism_Task_Force_Report_Recommendations.ashx
https://doi.org/10.1097/SLA.0000000000004684
https://doi.org/10.1097/SLA.0000000000004684
https://doi.org/10.1097/SLA.0000000000004684
https://doi.org/10.1097/SLA.0000000000004684
https://doi.org/10.1097/PRS.0000000000006760
https://doi.org/10.1097/PRS.0000000000006760
https://doi.org/10.1097/PRS.0000000000006760
https://doi.org/10.1097/PRS.0000000000006760
https://doi.org/10.1097/PRS.0000000000006760

