The Journal of Foot & Ankle Surgery 58 (2019) 97—-102

The Journal of Foot & Ankle Surgery

Contents lists available at ScienceDirect

journal homepage: www.jfas.org

Effects of Cryopreserved Amniotic Membrane-Umbilical Cord Allograft N
on Total Ankle Arthroplasty Wound Healing o

Thomas B. Bemenderfer, MD, MBA', Robert B. Anderson, MD?, Susan M. Odum, PhD>,

W. Hodges Davis, MD?

! Resident Physician, Department of Orthopaedic Surgery, Carolinas Medical Center, Charlotte, NC
2 Surgeon, OrthoCarolina Foot & Ankle Institute, Charlotte, NC
3 Senior Research Scientist, OrthoCarolina Research Institute, Charlotte, NC

ARTICLE INFO

Level of Clinical Evidence: 3

Keywords:
adjuvant therapy
arthritis
complications
outcome study
risk factors

ABSTRACT

Relatively high rates of wound healing complications continue to be reported with a total ankle arthroplasty (TAA)
anterior incision. The amniotic membrane-umbilical cord (AM-UC) allograft is a regenerative orthobiologic
adjunct that modulates wound healing by down-regulating inflammation, enhancing local healing and antimicro-
bial factors, and reducing scar formation. The purpose of this study was to determine whether local application of
a cryopreserved AM-UC allograft enhances soft tissue healing after TAA. A total of 104 patients with symptomatic
ankle arthritis who failed conservative management underwent standard TAA. At skin closure, patients were allo-
cated to either the treatment (local application of AM-UC) or control (no allograft) group. Demographic data,
patient comorbidities, and radiographic findings were collected. The primary outcome was a major complication
necessitating reoperation. Secondary outcomes were time to healing, minor complications (i.e., skin dehiscence,
local wound care, use of antibiotics), and patient scar assessment. Local application of an AM-UC allograft signifi-
cantly decreased the overall time to skin healing (28.5 days vs 40 days; p =.03). Two patients required a reopera-
tion for soft tissue wound complications, with no difference (p=1.00) between the groups. No statistically
significant difference was detected in terms of skin dehiscence, local wound care, or antibiotic prescriptions in the
2 groups. Regenerative technology using local application of a cryopreserved AM-UC allograft may enhance TAA
outcomes by decreasing the time to healing. Larger randomized controlled trials are needed to determine whether
an AM-UC allograft enhances soft tissue wound healing and ultimately reduces the incidence of devastating soft
tissue complications.

© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.

Despite improvements in newer-generation total ankle arthroplasty
(TAA) implants, relatively high complication rates continue to be reported
with the anterior ankle incision. Only 14% to 66% of anterior incisions heal
without wound healing complications. Minor complications requiring
local care and/or oral antibiotics occur in 6% to 30% of patients, and major
complications necessitating reoperation occur in 6% to 9% of patients
undergoing TAA through an anterior incision (1-5). The importance of
meticulous soft tissue dissection, careful handling, postoperative monitor-
ing, and progressive mobilization with physical therapy (after early wound
healing) are critically important for minimizing wound complications fol-
lowing surgery. Techniques to decrease postoperative soft tissue
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complications described in the literature include a compression wrap pro-
tocol (6), negative pressure wound therapy (3), and continuous external
tissue expanders (7). Other methods supported by expert opinion to
decrease the risk of postoperative soft tissue complications following TAA
include postoperative elevation of the lower extremity, limited weight
bearing, and use of an appropriately fitted cast or prefabricated orthotic.
Factors known to increase the risk of postoperative infection and wound
breakdown after foot and ankle surgery include a history of diabetes (1,8),
peripheral vascular disease (1), previous surgeries close to the anterior
TAA incision site (1), tobacco use (9), obesity (10,11), use of wound-
compromising medications (12), and postoperative noncompliance (13).

Recently, multiple regenerative orthobiologic adjuncts have been
investigated for their ability to reduce postoperative complications by
enhancing local healing factors and reducing the risk of infection. The
use of adjunctive therapy using cryopreserved amniotic membrane-
umbilical cord (AM-UC) allografts modulates wound healing by down
regulating inflammation, enhancing local growth and antimicrobial fac-
tors, and reducing scar formation (14—20).
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Basic Science of AM-UC Allograft

Amniotic membrane and umbilical cord tissues are well known for
their therapeutic potential. Amniotic tissue (1) contains an extracellular
matrix that acts as a natural scaffold for cellular migration and adhe-
sion, as well as structural support for cells (2); contains collagen types I,
I, IV, V, and VI, hyaluronic acid, and multiple growth factors; and (3)
has antimicrobial properties (e.g., 8-defensins) (21,22). Local application
of a cryopreserved amniotic membrane allograft has the potential to
accelerate and enhance healing through its ability to prevent inflamma-
tion (15—18), inhibit the inflammatory cascade, and disrupt the link
between inflammation and cicatricial progression (19,20,23—25). Fur-
thermore, amniotic membrane has demonstrated low immunogenicity
given the lack of expression of HLA-A, -B, -C, and -DR antigens and 2-
microglobulin (26,27). It has been shown to decrease inflammation by
inhibiting cytokine signaling mechanisms (15), decreasing the lifespan
of proinflammatory cells by promoting selective apoptosis (16,17), and
inhibiting the infiltration and proliferation of inflammatory cells (18).
In addition, local application of amniotic membrane has shown the abil-
ity to disrupt the cycle connecting inflammation and scar by decreasing
TGF-g signaling (19), inhibiting cytokines such as tumor necrosis factor-
« in the presence of dendritic cells (28), and decreasing the infiltration,
proliferation, and differentiation of fibroblasts (20,29). Amniotic mem-
brane prevents apoptosis, promotes migration and adhesion, and helps
maintain the normal morphology of epithelial cells (30,31). Amniotic
tissue has the ability to attenuate the “cytokine storm” following injury,
which may be advantageous in healing and scar formation (32). Umbili-
cal cord tissue contains glycosaminoglycan-rich Wharton'’s jelly and
unique matrix complexes formed by a covalent linkage between hyalur-
onan and heavy chain 1 of the inter-e-trypsin inhibitor pentraxin-3,
responsible for its therapeutic action (33—35).

Clinical Application of AM-UC Allograft

Historically, placental allografts were used more liberally in the early
1900s for skin grafting, burn treatment, and ulcerative wound care.
Owing to fears of potential disease transmission and immunoreactivity
with contaminated tissue, the use of freshly acquired amniotic tissue
abruptly ceased (36). Following the application of newer tissue process-
ing techniques to reduce the risk of these concerns, various subspecial-
ties have begun to reevaluate the possible utility of AM-UC allografts.
Currently, local application of cryopreserved AM-UC allografts is used
primarily in wound care (i.e., burn and chronic nonhealing ulcerative
wound care) and ophthalmology (e.g., ocular thermal and chemical
injuries). Several randomized controlled trials have documented signifi-
cant improvements in healing in ocular chemical burns, venous stasis
ulcerative wounds, and diabetic wounds using amniotic membrane
allografts (37—41). In addition, allogenic AM-UC has been used in small
series of patients with chronic plantar fasciitis and Achilles tendinosis
(42), as well as following neurolysis with an AM-UC nerve wrap (43).

Regenerative technology using local application of cryopreserved
AM-UC allograft may enhance TAA outcomes by decreasing devastating
major (i.e., requiring reoperation) and minor (i.e., skin dehiscence, local
wound care, and use of antibiotics) soft tissue complications, decreasing
time to healing, and improving patient scar assessment. To our knowl-
edge, no previous study has addressed the local wound healing poten-
tial of cryopreserved AM-UC allograft to enhance wound healing in the
ankle. The purpose of this study was to determine whether the local
application of cryopreserved AM-UC allograft can enhance soft tissue
wound healing of the TAA anterior ankle incision. Our hypothesis was
that the incidence of minor and major complications, time to healing,
and patient scar assessment would improve in the general population
undergoing TAA, and that patients with specific risk factors would

demonstrate an even greater reduction in wound complications with
local application of cryopreserved AM-UC allograft.

Patients and Methods

Approval for this retrospective comparative cohort study was obtained from our
Institutional Review Board before study initiation. All patients undergoing TAA by the
senior authors (R.B.B. and W.H.D.) between November 1, 2014, and August 1, 2016, were
included in the study. No patients were excluded. Patients with symptomatic ankle
arthritis who failed conservative management underwent TAA concomitantly at a single
tertiary hospital by 2 senior foot and ankle surgeons with comparable experience in both
the application of AM-UC and TAA, with >20 years of experience in TAA (>600 cases
each). Both senior surgeons were present and involved in all surgeries, and all patients
underwent the same procedure, as indicated by their pathology, postoperative regimen,
and rehabilitation protocol. At skin closure, patients were allocated to either the treat-
ment group (cryopreserved AM-UC allograft; Clarix, Amniox Medical, Atlanta, GA) or con-
trol group (no allograft). The decision to use an AM-UC allograft was based solely on
which surgeon was designated the primary surgeon (determined by who preoperatively
evaluated and scheduled the patient for surgery) on the operative report, to ensure an
accurate and more easily obtainable historical record. All patients under the care of 1 sur-
geon (W.H.D.) received an AM-UC allograft. The skin closure of the treatment group was
performed in standard fashion with local application of cryopreserved AM-UC overlying
the extensor retinaculum layer. Fig. 1 shows an example of an allograft onlay. No allograft
was used for the control group.

The following data were obtained for each patient: age, sex, body mass index, race,
smoking history, history of diabetes, insulin dependency, date of surgery, laterality, local
application of AM-UC allograft, history of previous arthrodesis, diagnosis (i.e., primary/
idiopathic, secondary/posttraumatic, rheumatoid), and coronal and sagittal alignment
preoperatively and postoperatively. All charts were reviewed independently, and all data
were collected by a single author (T.B.B.), who did not participate in patient care or
surgery.

Given the possible risk of complications associated with large coronal and sagittal
corrections, changes in coronal and sagittal alignment were evaluated in the treatment
and control groups to identify and avoid any potential for confounding variables (44,45).
All radiographic measurements were performed by a single author (T.B.B.). All coronal
and sagittal radiographic measurements followed published techniques (46). Coronal

Fig. 1. Amniotic membrane-umbilical cord allograft only over the extensor retinaculum.
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ankle alignment was determined on weight-bearing anteroposterior radiographs in neu-
tral plantarflexion by measuring the angle between the vertical axes of the tibial shaft
and talus preoperatively and the tibial stem and talar components postoperatively. Sagit-
tal alignment was determined on weight-bearing lateral radiographs in neutral plantar
flexion by measuring the difference between the vertical axes of the tibial shaft and a line
perpendicular to the tibial intramedullary canal preoperatively and the angle between
the anatomic axis and the final implant axis postoperatively. Varus and procurvatum
were reported as positive angles. Clinically significant coronal and sagittal correction
were recorded as changes <-5° or >5°.

The primary outcome was a major complication requiring reoperation. All patient
charts were reviewed to identify the reason for reoperation. Secondary outcomes were
time to healing, minor complications, and the Patient Scar Assessment Scale (PSAS). Time
to healing was measured as the difference between the date of surgery and the date of
noted wound healing. Minor complications were defined as skin dehiscence, local wound
care, and use of antibiotics postoperatively. Outcome assessments were obtained by
reviewing the charts by a single author (T.B.B.).

Given the retrospective nature of the study, clinical outcome measures were based
on the following criteria. Wounds were considered healed when all of the following
criteria were met: sutures or staples were removed; no additional local wound care,
dehiscence, or antibiotic prescriptions were noted in the chart; and the clinical note
explicitly documented wound healing. The wound was defined as completely healed
when it was epithelialized with no evidence of necrosis, dehiscence, cellulitis, or
eschar. Local wound care included enzymatic debridement with collagenase, mechani-
cal or sharp debridement in the office setting, or application of wet-to-dry dressings.
Antibiotics were considered administered if topical, intravenous, or oral antibiotics
were prescribed postoperatively.

Given the potential for enhanced wound healing with scar inhibition, we obtained
the PSAS score, a component of the Patient Observer Scar Assessment Scale (version 2.0),
for the treatment and control groups. The PSAS is a free, publicly available, validated 6-
item questionnaire designed to measure patients’ satisfaction about their scars (47). The
questionnaire elicits the patient’s subjective assessment of scar quality, including width,
color, elevation, and overall appearance. Using an Institutional Review Board—approved
telephone or e-mail script, a member of the research staff contacted patients to obtain
PSAS scores following confirmation that the surgical site was healed. All domains were
graded by the patient on a 10-point scale, with 1 indicating the best or most normal result
and 10 indicating the worst or most disfiguring result. A cumulative score of 6 corre-
sponds to normal skin, and 60 is the worst scar imaginable to the patient.

Statistical Analysis

Standard descriptive statistics are reported. For bivariate analyses, the Fisher exact
test was performed to compare primary and secondary outcomes of patients undergoing
TAA in the treatment group (AM-UC allograft) and control group (no allograft). Differen-
ces between the treatment and control groups were assessed with the Wilcoxon test,
given nonnormally distributed data, to determine associations of these variables and TAA
treated with AM-UC vs no allograft. Median values with interquartile range (IQR) are
reported for nonnormally distributed data. Statistical significance was set at p < .05 with
associated 95% confidence intervals. Separate stepwise logistic regression models were
performed for all independent variables with a threshold p value of .10 against the pri-
mary outcome of major complications in addition to secondary outcomes (i.e., time to

Table 1

healing, dehiscence, antibiotic, and wound care). Statistical analysis was performed by 2
authors (T.B.B., S.M.O).

Results

Of the 104 patients who underwent TAA between November 1,
2014, and August 1, 2016, 54 were allocated to the treatment group and
50 were allocated to the control group (no allograft). The median dura-
tion of patient follow-up was 349 (range, 21 to 966) days. No follow-up
was available for 2 of 104 patients (1.92%), who were returned to home-
towns of Costa Rica and Wisconsin immediately following hospital dis-
charge. The median age was 59.5 (IQR, 55 to 66) years in the AM-UC
group and 66.5 (IQR, 60 to 71) years in the control group (p=.0018).
There was a statistically significantly higher percentage of patients with
a history of diabetes who received AM-UC than those who did not
receive the adjunct therapy (20% vs 2%; p=.01). Other than age and his-
tory of diabetes, the groups were considered fairly homogenous given
that with the numbers available, no statistically significant difference
between the 2 groups could be detected with respect to body mass
index, sagittal or coronal correction, sex, history of smoking, previous
arthrodesis, diagnosis, and primary or revision procedure. Table 1 pro-
vides patient demographic and comorbidity data.

Major complications were reported in 11 patients (10.78%) requiring
reoperation. Major complications were reported in 5 patients (10%) in
the control group and in 6 patients (11.53%) in the AM-UC group. How-
ever, there were only 2 reoperations (1.92%) specifically for wound
complications. Patient outcomes are summarized in Table 2. In the con-
trol group, a subcutaneous abscess developed overlying the anterolat-
eral aspect of the ankle 198 days after the initial procedure over the
proximal aspect of the prior incision. The hardware was retained, and
the infection was cleared with irrigation and debridement and i.v.
antibiotics. In the treatment group, a young female with rheumatoid
arthritis and scleroderma on methotrexate, plaquenil, and chronic pred-
nisone therapy developed a recurrent draining sinus after staged revi-
sion TAA and flap coverage with healing obtained via irrigation and
debridement, polyethylene liner exchange, and lifelong suppressive
antibiotics. Other reasons for reoperation included 2 cases of instability
and a single case of aseptic talar subsidence, equinus contracture and
stiffness, osteolysis and hardware loosening, nonunion with triple
arthrodesis, subcutaneous abscess, screw removal, medial malleolus
stress fracture, and avascular necrosis of distal tibia. Wound healing

Patient demographics and comorbidities in the general total ankle arthroplasty population and the control and amniotic membrane-umbilical cord allograft groups

Parameter Overall (N =104) Control (n=50) AM-UC (n=54) P Value, Control vs AM-UC
Clinical factors, n (%)
Diagnosis
Primary (idiopathic) 57 (54.8) 24 (48) 33(61.0) 24
Posttraumatic 41(394) 22 (44) 19(35.0) 42
Rheumatoid arthritis 6(5.8) 4(8) 2(3.7) 42
Age >65y 41(394) 27 (54) 14 (25.9) .004*
Female sex 37(35.5) 15 (30) 22 (40.7) 31
Obesity 48 (46.1) 22 (44) 26 (48.1) .70
Diabetes mellitus 10(9.6) 1(2) 9(20.0) .02*
Insulin-dependent 4(3.8) 0(0) 4(7.4) 11
Previous arthrodesis 20(19) 11(22) 9(16.7) .62
Revision TAA 15(14) 4(8) 11(20.3) .10
Smoking status
Current or former 42 (40.3) 22 (44) 20(37.0) .55
Never 62 (59.6) 28 (56) 34(63.0) .55
Operative factors
Sagittal correction, °, median (IQR) 2(-1to6) 3(-1to9) 2(-2to5) 13
Coronal correction, °, median (IQR) 0(-5to06) 0.5(-5to0 10) —-1(-5t03) 42

Abbreviations: AM-UC, amniotic membrane-umbilical cord; IQR, interquartile range; TAA, total ankle arthroplasty.

* Level of statistical significance (p =.05).
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Table 2
Outcomes in the control and amniotic membrane-umbilical cord allograft groups
Outcomes Control (n=50) AM-UC (n=52) PValue
Primary outcomes, n (%)
Total reoperations 5(10) 6(11) 1.00
Reoperations for soft tissues 1(2) 1(1.9) 1.00
Secondary outcomes
Time to healing, d, median (IQR) 40 (27 to 81) 28.5(18.5 t0 56.5) .03*
Minor complications, n (%)
Wound care 8(16) 10(18.5) .99
Dehiscence 6(13) 3(6) 29
Antibiotic prescription 11(22) 5(9) .09
PSAS score, median (IQR) 7(2to19) 10 (5 to 25) .08

Abbreviations: AM-UC, amniotic membrane-umbilical cord; IQR, interquartile range; PSAS, Patient Scar Assessment Scale.

* Level of statistical significance (p =.05).

was achieved without complications in 86 of our patients (84.31%).
Local application of AM-UC allograft significantly decreased the overall
time to skin healing (from 40 days to 28.5 days; p =.037). Overall, minor
complications were reported in 18 patients (17.64%). Skin dehiscence
requiring local wound care occurred in 18 (17.64%) patients, and antibi-
otics were prescribed in 15 (14.70%) patients. Skin dehiscence was
reported in 6 patients (12%) in the control group and 3 patients (5.77%)
in the AM-UC group (p =.29). Antibiotic prescription was reported in 11
patients (22%) in the control group compared with 5 (9.61%) in the AM-
UC group (p =.09). Local wound care was reported in 8 patients (16%) in
the control group compared with 10 (19.23%) in the AM-UC group
(p=.99). The median PSAS score was 10 (IQR, 5 to 25) for the treatment
group and 7 (IQR, 2 to 19) for the control group (p =.08). We found no
statistically significant between-group differences in the rates of antibi-
otic prescribing, skin dehiscence, local wound care, or PSAS.

Secondary analyses of possible risk factors for local wound care com-
plications were performed, and between-group differences with respect
to major complications, time to healing, and rates of minor complica-
tions were noted (Table 3 and Fig. 2). The analysis of risk factors
revealed differences in rates of minor complications that were inade-
quately powered to demonstrate statistical significance, and thus these
values were not reported.

Discussion
In our modern era of medicine with transition from a fee-for-service
model of healthcare reimbursement toward value-based purchasing

with bundled payments and accountable care, judicious and economical
use of resources is being more critically appraised. Universal local

Table 3

application of cryopreserved AM-UC allograft might not be appropriate
or predictably improve patient outcomes in all demographics and popu-
lations. However, appropriate patient selection with the use of regener-
ative adjunct technologies may benefit patient outcomes and reduce
morbidity and possible mortality in patients with known risk factors for
wound complications.

Risk factors known to increase risk of postoperative infection and
wound breakdown in patients undergoing foot and ankle surgery
include a history of diabetes (1,8), peripheral vascular disease (1), previ-
ous surgeries close to the anterior TAA surgical site (1), tobacco use (9),
obesity (10,11), wound-compromising medications (12), and postoper-
ative noncompliance (13). In 2010, Wukich et al (8) compared postoper-
ative infection rates in patients with and without diabetes and reported
that a delay in wound healing increased the risk of operative site infec-
tions. In patients treated for ankle fractures with open reduction and
internal fixation, overall charges were significantly higher in patients
whose postoperative course was complicated by infection, resulting in
significantly higher total charges ($128,122 vs $49,983) (48). A direct
reduction in patient complications will reduce the overall cost of care
by decreasing the time to healing, the risk of readmission, and the rates
of minor and major complications. Therefore, it is beneficial to review
patient cohorts to identify possible candidates for regenerative adjunct
therapy.

The need for wound healing to create a biological barrier for infec-
tion is critical. Patton et al (49) reviewed 966 patients who underwent
TAA and demonstrated that a delay in wound healing of more than
14 days postoperatively dramatically increased the risk of infection in
patients undergoing TAA. Given the known impact of delayed wound
healing on the risk of infection and complications associated with TAA,

Comparison of secondary outcomes with known risk factors in the control and amniotic membrane-umbilical cord allograft groups

Outcome Time to Healing, d, median (IQR) Wound Care, n (%) Dehiscence, n (%) Antibiotics, n (%)
Control (n=50) AM-UC(n=52) Control(n=50) AM-UC(n=52) Control(n=50) AM-UC(n=52) Control(n=50) AM-UC(n=52)
Overall 40 (27 to 81) 29(21to57) 8(17) 10(19) 6(13) 3(6) 11(23) 5(9)
Clinical risk factors
Obesity 40 (27 to 76) 29 (27 to 40) 4(18) 4(15) 2(9) 1(4) 6(27) 1(4)
Age >65y 43 (28 to 78) 28 (23 t032) 5(17) 2(13) 3(10) 1(6) 5(17) 2(13)
Diabetes mellitus 92 (92 to 92) 57 (28 to 74) 1(100) 3(33) 1(100) 1(11) 1(100) 1(11)
Revision 28 (27 to 38) 45 (25 to 60) 1(20) 3(27) 0(0) 2(18) 0(0) 2(18)
Female sex 34 (26 to 77) 28 (15t0 33) 2(13) 4(18) 1(7) 2(9) 4(27) 3(14)
Male sex 43 (28 to 83) 30 (27 to 69) 6(18) 6(10) 5(15) 1(3) 7(21) 2(6)
Smoking status 51(31to91) 28 (27to 51) 5(24) 5(26) 3(14) 3(16) 5(24) 4(21)
Insulin use 28 (28 to 69) * 1(25) * 1(25) * 1(25)
Operative risk factors
Sagittal correction (<—5°, >5°) 41 (28 to 66) 29 (16 to 56) 2(7) 3(16) 1(4) 1(5) 2(7) 2(11)
Coronal correction (< -5°, >5°) 43 (28 to 82) 29 (24 to 69) 3(10) 5(19) 2(6) (4) 4(13) 2(8

Abbreviations: IQR, interquartile range; AM-UC, amniotic membrane-umbilical cord.
* No patients in the subgroup analysis.
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Fig. 2. Time to healing, rate of dehiscence, rate of wound care, and rate of antibiotic use in the treatment and control groups.

methods to decrease time to healing are of clinical importance. In our
study, patients who underwent TAA with local application of AM-UC
allograft healed a median of nearly 2 weeks earlier than those treated
with traditional closure alone. This difference increased to 7 weeks
earlier in patients with diabetes mellitus and >3 weeks earlier in
patients with a current or previous history of smoking. However, given
the small numbers in our cohort, the differences did not reach statistical
significance.

The median PSAS was 10 (IQR, 5 to 25) for the treatment group com-
pared with 7 (IQR, 2 to 19) for the control group (p=.08). Given that the
score for normal skin is 6 and the worst imaginable score is 60, the differ-
ence in PSAS is not statistically significant and certainly does not reach the
minimal clinical important difference (MCID) suggested in previous work
(50). Although AM-UC has been proposed to enhance wound healing, there
was no difference in PSAS between the treatment and control groups.

The strengths of this study include our relatively large cohort of
patients undergoing TAA treated with adjunct AM-UC allograft. The
overall reported outcomes in our control group were similar to previ-
ously published results. Confounding variables were minimized given a
single institution with standardized procedures, follow-up, postopera-
tive regimen, rehabilitation protocol, and staff. Although physician
assistants who were primarily responsible for assessing wound healing
in the early postoperative follow-ups were not blinded, there was no
evidence of AM-UC allograft use other than a single line in the operative
report, which physician assistants do not routinely read in our practice.
We attempted to minimize nonresponder bias, and only 2 of 102
patients (1.9%) were lost to follow-up during the study period. Our sec-
ondary outcomes (i.e., time to healing; rates of dehiscence, wound care,
and antibiotic prescription; and PSAS score) were assessed and pre-
scribed consistently in each patient by the same attending physicians or
physician assistants.

Although not adequately powered to determine statistical signifi-
cance among our treatment vs control groups, this study is critical to
providing preliminary pilot data for which future studies may be further
justified and may serve as a baseline for determining necessary sample
sizes to adequately power larger prospective randomized controlled
studies. We hope that the publication of this study will make it possible
to narrow the focus on potential patient populations that would benefit
from regenerative adjuncts in TAA and aid in estimating the sample

sizes necessary to determine enhanced healing. Our study does not sup-
port the use of regenerative adjuncts for routine TAA but provides pre-
liminary data supporting the possible utility of biologics in high-risk,
complicated patient populations undergoing TAA, including patients
with diabetes, obesity, and a history of smoking.

Limitations of this study include the retrospective design, which is
subject to statistical bias. In an attempt to minimize statistical bias, we
included all patients operated on by both senior foot and ankle attend-
ings. All patients who did not receive local application of cryopreserved
AM-UC were included in the control group rather than attempting to
match them. Retrospective studies rely heavily on the accuracy of the
medical record, and the integrity of the data for analysis is dependent
on the documentation within the electronic medical record. The small
number of major and minor complications made the statistical analysis
difficult to interpret. In addition, the degree to which the external valid-
ity is applicable is uncertain, given that our study was conducted at a
single center by 2 senior orthopedic surgeons (R.B.B., W.H.D.). Several
risk factors may play a role in time to healing and wound complications;
we attempted to address these factors through proper statistical analy-
sis. However, although we were able to identify and differentiate
patients with insulin-dependent diabetes mellitus and patients with
non—insulin-dependent diabetes mellitus, we were unable to evaluate
the effects of blood glucose or glycohemoglobin (Hgb A1C) levels. It is
well known that patients with poorly controlled diabetes of longer
duration are more likely to experience complications (51). Therefore,
our inability to stratify the patients with diabetes based on glycemic
control and the duration of disease is another weakness of this study.
Nonetheless, despite our appreciation of the limitations of our investi-
gation, we believe that our results will be useful in the future develop-
ment of prospective cohort studies and randomized controlled trials
focusing on determining potential patient populations that would bene-
fit from the use of AM-UC allograft.

In conclusion, the present study demonstrates a statistically signifi-
cant advantage of local application of cryopreserved AM-UC allograft
over traditional closure in terms of time to healing. Regenerative ortho-
biologic technology using local application of cryopreserved AM-UC
allograft can enhance TAA outcomes by decreasing time to healing.
Larger randomized controlled trials are needed to determine whether
local application of cryopreserved AM-UC allograft can enhance soft
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tissue wound healing and ultimately reduce the incidence of devastat-
ing soft tissue complications. Further studies may be warranted, and
larger prospective randomized controlled trials are recommended to
study high-risk patient populations.

References

—_

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Raikin SM, Kane ], Ciminiello ME. Risk factors for incision-healing complications fol-

lowing total ankle arthroplasty. ] Bone Joint Surg Am 2010;92:2150-2155.

. Schipper ON, Hsu AR, Haddad SL. Reduction in wound complications after total ankle

arthroplasty using a compression wrap protocol. Foot Ankle Int 2015;36:1448-1454.

. Matsumoto T, Parekh SG. Use of negative pressure wound therapy on closed surgical

incision after total ankle arthroplasty. Foot Ankle Int 2015;36:787-794.

. Whalen ]L, Spelsberg SC, Murray P. Wound breakdown after total ankle arthroplasty.

Foot Ankle Int 2010;31:301-305.

. Noelle S, Egidy CC, Cross MB, Gebauer M, Klauser W. Complication rates after total

ankle arthroplasty in one hundred consecutive prostheses. Int Orthop 2013;37:
1789-1794.

. Hsu AR, Franceschina D, Haddad SL. A novel method of postoperative wound care

following total ankle arthroplasty. Foot Ankle Int 2014;35:719-724.

. Huh ], Parekh SG. Use of a continuous external tissue expander in total ankle arthro-

plasty: a novel augment to wound closure. Foot Ankle Spec 2016;9:43-47.

. Wukich DK, Lowery NJ, McMillen RL, Frykberg RG. Postoperative infection rates in

foot and ankle surgery: a comparison of patients with and without diabetes mellitus.
] Bone Joint Surg Am 2010;92:287-295.

. Lampley A, Gross CE, Green CL, DeOrio JK, Easley M, Adams S, Nunley JA 2nd. Associa-

tion of cigarette use and complication rates and outcomes following total ankle
arthroplasty. Foot Ankle Int 2016;37:1052-1059.

. Werner BC, Burrus MT, Looney AM, Park ]S, Perumal V, Cooper MT. Obesity is associ-

ated with increased complications after operative management of end-stage ankle
arthritis. Foot Ankle Int 2015;36:863-870.

. Schipper ON, Denduluri SK, Zhou Y, Haddad SL. Effect of obesity on total ankle arthro-

plasty outcomes. Foot Ankle Int 2016;37:1-7.

. Scherrer CB, Mannion AF, Kyburz D, Vogt M, Kramers-de Quervain IA. Infection risk

after orthopedic surgery in patients with inflammatory rheumatic diseases treated
with immunosuppressive drugs. Arthritis Care Res (Hoboken) 2013;65:2032-2040.

. Miller AG, Margules A, Raikin SM. Risk factors for wound complications after ankle

fracture surgery. ] Bone Joint Surg Am 2012;94:2047-2052.

Hanselman AE, Lalli TA, Santrock RD. Topical review: use of fetal tissue in foot and
ankle surgery. Foot Ankle Spec 2015;8:297-304.

Wang MX, Gray TB, Park WC, Prabhasawat P, Culbertson W, Forster R, Hanna K, Tseng
SC. Reduction in corneal haze and apoptosis by amniotic membrane matrix in exci-
mer laser photoablation in rabbits. ] Cataract Refract Surg 2001;27:310-319.

Park WC, Tseng SC. Modulation of acute inflammation and keratocyte death by suturing,
blood, and amniotic membrane in PRK. Invest Ophthalmol Vis Sci 2000;41:2906-2914.
Li W, He H, Kawakita T, Espana EM, Tseng SC. Amniotic membrane induces apoptosis
of interferon-gamma activated macrophages in vitro. Exp Eye Res 2006;82:282-292.
He H, Li W, Chen SY, Zhang S, Chen YT, Hayashida Y, Zhu YT, Tseng SC. Suppression of
activation and induction of apoptosis in RAW264.7 cells by amniotic membrane
extract. Invest Ophthalmol Vis Sci 2008;49:4468-4475.

Lee SB, Li DQ, Tan DT, Meller DC, Tseng SC. Suppression of TGF-beta signaling in both
normal conjunctival fibroblasts and pterygial body fibroblasts by amniotic mem-
brane. Curr Eye Res 2000;20:325-334.

He H, Li W, Tseng DY, Zhang S, Chen SY, Day AJ, Tseng SC. Biochemical characteriza-
tion and function of complexes formed by hyaluronan and the heavy chains of inter-
alpha-inhibitor (HC*HA) purified from extracts of human amniotic membrane. | Biol
Chem 2009;284:20136-20146.

Buhimschi IA, Jabr M, Buhimschi CS, Petkova AP, Weiner CP, Saed GM. The novel anti-
microbial peptide beta3-defensin is produced by the amnion: a possible role of the
fetal membranes in innate immunity of the amniotic cavity. Am ] Obstet Gynecol
2004;191:1678-1687.

Gupta A, Kedige SD, Jain K. Amnion and chorion membranes: potential stem cell res-
ervoir with wide applications in periodontics. Int ] Biomater 2015;2015:274082.
Namba RS, Meuli M, Sullivan KM, Le AX, Adzick NS. Spontaneous repair of superficial
defects in articular cartilage in a fetal lamb model. ] Bone Joint Surg Am 1998;80:4-10.
Choi HJ, Kim KB, Kwon YM. Effect of amniotic membrane to reduce postlaminectomy
epidural adhesion on a rat model. ] Korean Neurosurg Soc 2011;49:323-328.

Tao H, Fan H. Implantation of amniotic membrane to reduce postlaminectomy epidu-
ral adhesions. Eur Spine ] 2009;18:1202-1212.

Solomon A, Rosenblatt M, Monroy D, Ji Z, Pflugfelder SC, Tseng SC. Suppression of
interleukin 1alpha and interleukin 1beta in human limbal epithelial cells cultured on
the amniotic membrane stromal matrix. Br ] Ophthalmol 2001;85:444-449.

Akle CA, Adinolfi M, Welsh KI, Leibowitz S, McColl I. Immunogenicity of human amni-
otic epithelial cells after transplantation into volunteers. Lancet 1981;2:1003-1005.

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

. Magatti M, De Munari S, Vertua E, Nassauto C, Albertini A, Wengler GS, Parolini O.
Amniotic mesenchymal tissue cells inhibit dendritic cell differentiation of peripheral
blood and amnion resident monocytes. Cell Transplant 2009;18:899-914.

Solomon A, Wajngarten M, Alviano F, Anteby I, Elchalal U, Pe'er ], Levi-Schaffer F. Sup-
pression of inflammatory and fibrotic responses in allergic inflammation by the
amniotic membrane stromal matrix. Clin Exp Allergy 2005;35:941-948.

Kurpakus MA, Stock EL, Jones JC. The role of the basement membrane in differential
expression of keratin proteins in epithelial cells. Dev Biol 1992;150:243-255.
Ohno-Matsui K, Ichinose S, Nakahama K, Yoshida T, Kojima A, Mochizuki M, Morita I.
The effects of amniotic membrane on retinal pigment epithelial cell differentiation.
Mol Vis 2005;11:1-10.

Silini A, Parolini O, Huppertz B, Lang I. Soluble factors of amnion-derived cells in
treatment of inflammatory and fibrotic pathologies. Curr Stem Cell Res Ther
2013;8:6-14.

Zhang S, He H, Day AJ, Tseng SC. Constitutive expression of inter-a-inhibitor (lol) fam-
ily proteins and tumor necrosis factor-stimulated gene-6 (TSG-6) by human amniotic
membrane epithelial and stromal cells supporting formation of the heavy chain-hya-
luronan (HC-HA) complex. ] Biol Chem 2012;287:12433-12444.

He H, Zhang S, Tighe S, Son ], Tseng SC. Immobilized heavy chain-hyaluronic acid
polarizes lipopolysaccharide-activated macrophages toward M2 phenotype. ] Biol
Chem 2013;288:25792-25803.

Zhang S, Zhu YT, Chen SY, He H, Tseng SC. Constitutive expression of pentraxin 3
(PTX3) protein by human amniotic membrane cells leads to formation of the heavy
chain (HC)-hyaluronan (HA)-PTX3 complex. ] Biol Chem 2014;289:13531-13542.
Stern M. The grafting of preserved amniotic membrane to burned and ulcerated sur-
faces, substituting skin grafts.. JAMA 1912;60:973-974.

Serena TE, Carter MJ, Le LT, Sabo M]J, DiMarco DT. EpiFix VLU Study Group. A multi-
center, randomized, controlled clinical trial evaluating the use of dehydrated human
amnion/chorion membrane allografts and multilayer compression therapy vs. multi-
layer compression therapy alone in the treatment of venous leg ulcers. Wound Repair
Regen 2014;22:688-693.

Zelen CM, Serena TE, Denoziere G, Fetterolf DE. A prospective randomised compara-
tive parallel study of amniotic membrane wound graft in the management of diabetic
foot ulcers. Int Wound ] 2013;10:502-507.

Zelen CM, Serena TE, Snyder R]. A prospective, randomised comparative study of
weekly versus biweekly application of dehydrated human amnion/chorion mem-
brane allograft in the management of diabetic foot ulcers. Int Wound ]
2014;11:122-128.

Zelen CM, Gould L, Serena TE, Carter M], Keller J, Li WW. A prospective, randomised,
controlled, multi-centre comparative effectiveness study of healing using dehydrated
human amnion/chorion membrane allograft, bioengineered skin substitute or stan-
dard of care for treatment of chronic lower extremity diabetic ulcers. Int Wound ]
2015;12:724-732.

Sharma N, Singh D, Maharana PK, Kriplani A, Velpandian T, Pandey RM, Vajpayee RB.
Comparison of amniotic membrane transplantation and umbilical cord serum in
acute ocular chemical burns: a randomized controlled trial. Am ] Ophthalmol
2016;168:157-163.

Werber B. Amniotic tissues for the treatment of chronic plantar fasciosis and Achilles
tendinosis. ] Sports Med (Hindawi Publ Corp) 2015;2015:219896.

Gaspar MP, Kane PM, Vosbikian MM, Ketonis C, Rekant MS. Neurolysis with amniotic
membrane nerve wrapping for treatment of secondary Wartenberg syndrome: a pre-
liminary report. ] Hand Surg Asian Pac Vol 2017;22:222-228.

Haskell A, Mann RA. Ankle arthroplasty with preoperative coronal plane deformity:
short-term results. Clin Orthop Relat Res 2004;424:98-103.

Henricson A, Agren PH. Secondary surgery after total ankle replacement: the influ-
ence of preoperative hindfoot alignment. Foot Ankle Surg 2007;13:41-44.

Hsu AR, Davis WH, Cohen BE, Jones CP, Ellington JK, Anderson RB. Radiographic out-
comes of preoperative CT scan-derived patient-specific total ankle arthroplasty. Foot
Ankle Int 2015;36:1163-1169.

Draaijers LJ, Tempelman FR, Botman YA, Tuinebreijer WE, Middelkoop E, Kreis RW,
van Zuijlen PP. The patient and observer scar assessment scale: a reliable and feasi-
ble tool for scar evaluation. Plast Reconstr Surg 2004;113:1960-1965. discussion
1966-1967.

Avilucea FR, Greenberg SE, Grantham W], Sathiyakumar V, Thakore RV, Nwosu SK,
Archer KR, Obremskey WT, Mir HR, Sethi MK. The costs of operative complications
for ankle fractures: a case control study. Adv Orthop 2014:709241.

Patton D, Kiewiet N, Brage M. Infected total ankle arthroplasty: risk factors and treat-
ment options. Foot Ankle Int 2015;36:626-634.

O'Connell DA, Diamond C, Seikaly H, Harris JR. Objective and subjective scar aes-
thetics in minimal access vs conventional access parathyroidectomy and thyroidec-
tomy surgical procedures: a paired cohort study. Arch Otolaryngol Head Neck Surg
2008;134:85-93.

Boulton AJ, Armstrong DG, Albert SF, Frykberg RG, Hellman R, Kirkman MS, Lavery LA,
LeMaster JW, Mills JL Sr, Mueller M], Sheehan P, Wukich DK. Comprehensive foot
examination and risk assessment. A report of the Task Force of the Foot Care Interest
Group of the American Diabetes Association, with endorsement by the American
Association of Clinical Endocrinologists. Phys Ther 2008;88:1436-1443.


http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0001
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0001
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0002
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0002
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0003
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0003
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0004
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0004
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0005
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0005
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0005
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0006
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0006
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0007
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0007
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0008
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0008
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0008
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0009
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0009
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0009
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0010
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0010
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0010
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0011
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0011
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0012
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0012
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0012
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0013
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0013
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0014
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0014
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0015
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0015
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0015
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0016
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0016
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0017
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0017
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0018
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0018
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0018
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0019
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0019
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0019
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0020
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0020
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0020
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0020
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0021
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0021
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0021
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0021
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0022
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0022
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0023
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0023
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0024
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0024
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0025
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0025
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0027
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0027
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0028
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0028
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0028
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0029
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0029
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0029
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0030
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0030
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0031
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0031
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0031
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0034
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0034
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0034
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0035
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0035
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0035
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0036
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0036
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0037
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0037
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0037
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0037
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0037
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0039
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0039
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0039
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0039
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0041
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0041
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0041
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0041
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0042
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0042
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0043
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0043
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0043
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0044
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0044
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0045
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0045
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0046
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0046
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0046
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0047
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0047
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0047
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0047
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0048
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0048
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0049
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0049
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0049
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0049
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0050
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0050
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0050
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0050
http://refhub.elsevier.com/S1067-2516(18)30324-7/sbref0050

	Effects of Cryopreserved Amniotic Membrane-Umbilical Cord Allograft on Total Ankle Arthroplasty Wound Healing
	Basic Science of AM-UC Allograft
	Clinical Application of AM-UC Allograft
	Patients and Methods
	Statistical Analysis

	Results
	Discussion
	References


