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This issue of the Journal of the Osteopathic Medicine (JOM)
features abstracts from the posters that were presented at
the 2021 Osteopathic Medical Conference and Exposition
(OMED21) in the Research Track, which took place virtually
on Friday, October 22 and Saturday, October 23, 2021.
This year’s abstracts were organized into Basic Science, Clinical, and Health Services categories, indicated
within each abstract immediately under the abstract
number. Abstracts submitted by students for the poster
competition (designated with “*”) were judged, and the
ﬁrst- and second-place winners are designated with “+”).”
To enhance the readability of this special feature, abstracts have been edited for basic style only. The content
has not been modified; the information provided reflects
information that was submitted by the primary author,
including professional degrees and affiliations.
Neither the AOA’s Bureau of Osteopathic Research and
Public Health Education nor the JOM assumes responsibility for the content of these abstracts.
Poster No.: *B1
Abstract No.: 4
Category: Basic Science
Research Focus Area: Chronic Diseases & Conditions,
AOA Grant Award: 19057971539

Spinal ankylosis in ERAP1-/- mice is
independent of IL-10
1
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Context: The endoplasmic reticulum aminopeptidase 1
(ERAP1) gene has been linked to numerous autoimmune

diseases, yet we still do not fully understand the mechanistic underpinnings of these associations. The autoimmune disease ankylosing spondylitis (AS) is the disease
most strongly linked to ERAP1 single nucleotide polymorphisms (SNPs) and we recently reported that mice
lacking ERAP1 (ERAP1-/-) display many of the hallmark
skeletal manifestations found in human AS patients.
Objective: We also found that ERAP1-/- mice lack a particular
type of immune suppressive cell called type 1 regulatory T cells
(Tr1 cells), which dampen immune responses via production of
high levels of the anti-inﬂammatory cytokine, IL-10. Since AS
patients are known to have high levels of inﬂammation in their
spine and spinal joints, we theorized that ERAP1-mediated
decreases in Tr1 cells in ERAP1-/- mice may be the cause of the
dysregulated bone morphology we observe.
Methods:
Objective: Here, we aimed to conﬁrm our previously published ﬁndings of decreased Tr1 cells in ERAP1-/- mice
using more sophisticated IL-10GFP reporter mice. We also
performed in vitro studies to determine if the lack of Tr1
cells in ERAP1-/- mice was due to a defect intrinsic to CD4+
T cells, or from a defect in antigen presenting cells (APCs;
responsible for inducing naive CD4+ T cells into Tr1 cells).
Finally, we sought to determine if the deﬁning effector
molecule of Tr1 cells, IL-10, was necessary for the prevention of spinal ankylosis in our mouse model.
Methods: We crossed our ERAP1-/- mice onto an IL-10GFP
background, performed in vivo stimulation with an anti-CD3
antibody to induce Tr1 cell differentiation, and assessed
intra-epithelial (IEC) Tr1 cells in the intestines of mice using
ﬂow cytometry. We also assessed the frequency of classical
FoxP3+ Tregs in the same. Furthermore, we co-cultured WT
or ERAP1-/- naive CD4+ T cells with WT or ERAP1-/- APCs to
determine if lack of ERAP1 was resulting in an intrinsic or
extrinsic defect in Tr1 induction. Finally, we assessed spinal
bone morphology using high-resolution uCT scanning of WT
and IL-10-/- mice, along with 3D reconstruction, to examine
the role of IL-10 in spinal ankylosis.
Flow cytometry data was analyzed with FlowJo V10.6.
uCT scans were calibrated with a phantom standard and isosurface images were created using an averaged auto-threshold
of 1009 using the MicroView software. Spinal ankylosis was
determined as previously described (Pepelyayeva, Y. et al.
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Scientific Reports, 2018). All statistical analyses were performed in GraphPad Prism V8, and groups were compared
with a two-sided, unpaired t-test. AS is a chronic, often debilitating disease that affects individuals early in their life and
primary affects the musculoskeletal system. Therefore, developing a deeper understanding of its pathogenesis aligns with
the AOA chronic disease research focus area.
Results: We found that, following I.P. administration of an
anti-CD3 antibody, ERAP1-/- mice had signiﬁcantly less
IL-10GFP+ CD4+ CD11b− Tr1 cells in the intestine compared to
WT mice (p=0.0115). The frequency of FoxP3+ CD4+ Treg cells
in the intestines of these mice was the same. Together, this
conﬁrms our previously published ﬁndings, that lack of
ERAP1 results in a speciﬁc decrease in Tr1 cells and not other
regulatory CD4+ T cells. Co-culturing WT naive CD4+ T cells
with WT or ERAP1-/- APCs resulted in equivalent Tr1 cell
induction (mean 25%). Co-culturing ERAP1-/- naive CD4+
T cells with WT or ERAP1-/- APCs also resulted in equivalent
Tr1 induction (mean 15%). Together, this indicates that the
cause of decreased numbers of Tr1 cells in ERAP1-/- mice may
be intrinsic to CD4+ T cells. Finally, we compared isosurface
reconstructions from high-resolution uCT scans of WT,
ERAP1-/-, and IL-10-/- mice to determine if IL-10-/- mice also
have spinal ankylosis similar to our ERAP1-/- mice. As Tr1
cells function primarily via production of high levels of IL-10,
ﬁnding a similar bone phenotype in IL-10-/- mice would
support the theory that an ERAP1-mediated decrease in Tr1
cells is responsible for the AS-like phenotype we observe in
our mouse model. However, we did not observe any spinal
ankylosis in our IL-10-/- mice, suggesting that either: Tr1 cells
are not responsible for the bone phenotype in ERAP1-/- mice
or that Tr1 cells are modulating spinal ankylosis in ERAP1-/mice through an IL-10-independent mechanism.
Conclusion: Our work here conﬁrms much of our group’s
previously published work, further supporting the use of
ERAP1-/- mice as a powerful murine model to study AS, while
also bringing to light complex mechanisms of pathogenesis
that underly this disease. In particular, the apparent intrinsic
deﬁcit in CD4+ T cells caused as a result of lack of ERAP1
expression supports previous studies from our group demonstrating that ERAP1 has multiple non-canonical roles across
different aspects of the immune system, apart from its wellstudied role in antigen presentation. How ERAP1 is able to
intrinsically prevent naive CD4+ T cells from differentiating
into Tr1 cells remains to be seen and is an exciting area of
future investigation. The surprising ﬁnding that mice lacking
IL-10 do not have spinal ankylosis makes the dependence on
Tr1 cells more difﬁcult to conﬁrm. It implies that the decreased
Tr1 cells in ERAP1-/- mice is either a side effect of global immune modulation by ERAP1, or implicates an IL-10 independent Tr1 cell mechanism; an interesting avenue for future

exploration. Future studies on how ERAP1 controls Tr1 cells
may well lead to novel treatment approaches for the many
individuals affected by ERAP1-linked autoimmune diseases,
since Tr1 cells are already being investigated in clinical trials.
References N/A
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ERAP1 modulates proinflammatory
cytokine and chemokine responses
of macrophages via ER stress and
inflammasome pathways
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Context: ERAP1 gene polymorphisms have been linked to
several chronic autoimmune diseases that affect the musculoskeletal system.1-7 Our lab previously published that loss of
ERAP1 gene functions resulted in skeletal ankylosis and
exaggerated proinﬂammatory immune responses in mice8,
mimicking a phenotype similar to the human condition
ankylosing spondylitis; however, the exact mechanism underlying these ﬁndings remained undeﬁned.
Objective: We hypothesize that ERAP deﬁcient mice have
heightened pro-inﬂammatory signaling due to exaggerated
ER stress (caused by loss of ERAP1 activity in the ER), and
that these mechanisms are responsible for the skeletal and
pro-inﬂammatory immune phenotypes noted in ERAP1
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deﬁcient mice. Here, we investigated the role of ERAP1 in
ER stress and inﬂammasome responses using ERAP1 deﬁcient bone marrow-derived macrophages (BMDMs).
Methods: Bone marrow cells were extracted from the femurs
and tibiae of male 6-8 week old WT and ERAP1-/- mice and
cultured in Dulbecco modiﬁed Eagle medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 30% supernatant derived from conﬂuent L929 cell cultures.
This procedure yields a pure population of macrophage
colony-stimulating factor-dependent, adherent macrophages. BMDMs were then incubated with immune system
agonists, and their cytokine responses were quantiﬁed by
Bioplex, as well ﬂow cytometry to analyze various cell surface
markers of immune activation. Quantitative RT-PCR determined expression levels of ER stress genes in the WT and
ERAP-/- treated BMDMs. To induce intestinal inﬂammation, a
model of inﬂammatory bowel disease, also associated with
several ERAP1 linked autoimmune disease patients, mice
were treated with 3% dextran sodium sulfate (DSS) for 7 days.
Colon homogenates from naïve and DSS-treated mice were
analyzed via a multiplex-based assay to determine 23
different cytokine and chemokine concentrations.
Results: We found that exposure of ERAP1-/- BMDMs to
multiple inﬂammasome agonists resulted in increased production of inﬂammasome dependent cytokines including
IL-1β, IL-18 and augmented caspase-1 activity, as compared
to WT BMDMs. These responses were associated with
increased expression of ER stress-associated genes in
ERAP1-/- BMDMs. Moreover, utilizing DSS as an innate immune stimulus to activate TLR and inﬂammasome pathways, resulted in increased levels of several proinﬂammatory
cytokines and chemokines in the colon of ERAP1-/- mice.
Conclusion: Our results imply that ERAP1 functions are
necessary to prevent excessive inﬂammasome activation, and
suggest a model in which increased ER stress due to loss of
critical ERAP1 functions correlates with induction of abnormal
innate immune responses. Speciﬁcally, ERAP1 functions
appear to be necessary to regulate the activation of multiple
inﬂammasome pathways, a ﬁnding that may also explain the
genetic linkage of ERAP1 polymorphisms with several human
autoimmune diseases. The proinﬂammatory and ER stress
response pathways identiﬁed here may also prove to be potential targets for autoimmune disease treatment in the future.
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Effect of Self-Performed Osteopathic Manipulative Treatment
(suboccipital release) on Heart Rate
Recovery: A Pilot Study
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Context: A rapid heart rate recovery (HRR) correlates with
cardiovascular health and a slower HRR with cardiac mortality. It is known that improving HRR via exercise reduces
mortality in patients during cardiac rehab after a heart
procedure. However, recovering patients often have difﬁculty performing rigorous physical activity. Thus, identifying interventions such as OMT capable of causing a more
rapid HRR is a clinically important area of investigation.
Objective: 1. Examine how suboccipital release OMT inﬂuences autonomic balance via parallel changes in heart rate
variability (HRV). 2. Determine the effectiveness of suboccipital release OMT to facilitate post-exercise heart rate
recovery (HRR). Hypothesis: Self-administered OMT performed after a single bout of high-intensity interval training
(HIIT) causes a more rapid HRR that correlates with increased
parasympathetic tone during the post-exercise period.
Methods: Study utilized a prospective intervention study
design. Subjects were recruited from a cohort of TUC students. Only volunteers deemed able to safely complete all
study protocols based on health questionnaire responses
were selected based on Inclusion/Exclusion criteria. 12
subjects were recruited and 9 successfully completed the
protocol.
Subjects were trained in self-administration of the
suboccipital release OMT technique by instructional video
based on protocols utilized for training osteopathic students
at Touro University California. Subjects also trained in the
use of phone apps used to monitor HR variability (HRV) and
HR recovery (HRR) (EliteHRV®; Polar Beat®). Proﬁciency
was supervised and facilitated by student researchers
trained by principle investigators. Baseline (resting) HRV
and HRR parameters for each subject were determined for
later comparison to exercise measurements.
Using a repeated-measures design, subjects completed
two 20-minute sessions of high-intensity interval training
(HIIT) bouts followed by a 5 min recovery period: Session 1:
OMM Recovery (occipital release performed) and Session 2
Passive Recovery (quite rest) during 5 min recovery period.
Sessions were performed 48 hours apart and subjects were
randomized in the order of session performance. HRV and
HRR data were monitored throughout the exercise and
recovery periods via smartphone applications synched to a

heart rate chest monitor (Polar H10®). HRV and HRR data
were stored on online platforms for later analysis.
Group HRV and HRR data from each exercise session
were analyzed statistically for differences by T-test with an
alpha level of 0.05
Improving HRR via exercise is known to reduce mortality in patients recovering from heart procedures. However, recovering patients have difficulty performing rigorous
physical activity. Thus, identifying interventions such as
Osteopathic Manipulative Treatment (OMT) capable of
causing a more rapid HRR is osteopathically significant.
Results: Due to user error/incomplete results from the data
collection app EliteHRV®, the sample size for HRV data was
5. Each index for HRV displayed a signiﬁcantly higher HRV
for the OMT recovery group compared to the no OMT recovery
group. HRV data was analyzed as HRV Frequency Domain
Power (FDP). Units for FDP are displayed as ms2.
The major findings from this data included significantly
(p<0.05) higher HRV with the OMT Recovery vs. the Passive
Recovery for the Low-Frequency (LF) domain and Total Power (TP) domain of HRV indices. The closer the HRV is to the
Baseline Readiness value, the larger the HRV.
Legend: (OMT recovery; no OMT recovery; Readiness
Baseline Value)
LF: 1928.83 ms2; 220.95 ms2; 2656.06 ms2
TP: 2801.19 ms2; 362.14 ms2; 3460.77 ms2
Statistically significant differences in each of the indices
related to the HRV for OMT recovery were found when
compared to the no OMT recovery data. All data were analyzed
utilizing a t-test with a significance level of 0.05 (α=0.05).
Due to user error/incomplete results from the data
collection app Polar Beat®, the sample size for HRR data was
5 for the OMT recovery group data and 7 for the no OMT
recovery group data. Results displayed a greater HRR for the
no OMT recovery group at both one-minute post-exercise
(28.4 HRR for OMT Recovery vs. 40.8 HRR for no OMT Recovery) and ﬁve minutes post-exercise (64 HRR for OMT Recovery vs. 63.7 HRR for OMT Recovery). These results are not
statistically signiﬁcant, and no statistical testing was able to
be performed due to incomplete HRR results from issues with
data collection through the HRR applications used.
Conclusion: The HRV group data was consistent with our
hypothesis and previous literature, as it showed that the
self-administered OMT increases certain HRV variables
that correspond to increased parasympathetic tone (LF and
TP). The HRR group data showed no beneﬁt from the OMT
recovery, as the no OMT recovery group had larger HRRs at
one minute and ﬁve minutes post-cessation of exercise.
These ﬁndings are paradoxical in that it is known HRR is
predominantly a function of the reactivation of the parasympathetic nervous system, thus vagal activity.
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The paradox in our findings regarding HRR data could
be possibly explained by general study limitations, limited
sample size, user error on data collecting applications, and
failure to create separate HRV/HRR readings during the
recovery phase of the HIIT sessions.
Our results suggest that untrained individuals can
perform self-administered OMT (suboccipital release) and
reap the physiological benefit of an improved HRV (and in
theory improved HRR). Further research is required to
make a statistically significant claim regarding the extent
of the benefit self-administered OMT (suboccipital release)
may have on HRR/HRV.
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Context: Autoimmune diseases, such as systemic lupus
erythematosus, are described as auto reactive inﬂammatory
responses where the immune system mistakenly attacks
healthy body cells. When inherent immunoregulatory
mechanisms are lost, the disease can progress. Early growth
response gene 2 (EGR2) is highly upregulated in human and
murine lupus cells. We have previously shown that EGR2
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expression induced Th1 differentiation and IFNγ production
in lupus effector CD4+ T cells.
Objective: In our present studies we sought to determine
the role of EGR2 on B cell antibody production.
Methods: Naïve B-Cell were isolated from ﬂoxed EGR2 B6/
lpr mice (lupus mice) and from EGR2-/- B6/lpr mice, and then
cultured in vitro with no stimulation (control), LPS, antiCD40, or anti-IgM for 5 days. IgG and IgM production were
then measured using ELISA on cell culture supernatant.
Results: When compared to controls we found an increase
in IgG production cultured B cells stimulated with antiCD40, LPS and anti-IgM. IgG production was decreased in
anti-IgM stimulated B cells from EGR2-/- B6/lpr mice
compared to wildtype. However, compared with control,
there was no difference in IgM production among knock
out and wildtype B cells stimulated with LPS and antiCD40. IgM production was decreased in both knock out
and wildtype B cells stimulated with anti-IgM.
Conclusion: Our data suggests that EGR2 may play a
role in antibody production in lupus, and that blocking
EGR2-/- may decrease autoantibody production in lupus.

References
1. Dai R, Heid B, Xu X, Xie H, Reilly CM, Ahmed SA. EGR2 is elevated
and positively regulates inﬂammatory IFNγ production in lupus
CD4+ T cells. BMC Immunol. 2020 Jul 9;21(1):41. doi: 10.1186/
s12865-020-00370-z. PMID: 32646370; PMCID: PMC7346656.

Financial Disclosures: None reported.
Support: One Health Grant, Internal Funds.
Ethical Approval: Institutional Animal Care and Use
Committee (IACUC) approval
Informed Consent: N/A
Poster No.: B5
Abstract No.: 15
Category: Basic Science
Research Focus Area: Chronic Diseases & Conditions

Heavy Metal Exposure in Rice and
its Impact on Infant and Child
Health Worldwide
1

Tracee Guthrie, OMS-I; 2Brooke Benjamin; 3Gurleen Kaur;
Erin Collins

3
1

Edward Via College of Osteopathic Medicine (Virginia);
Department of Research, Kentucky College of Osteopathic

2

Medicine; 3Department of Microbiology and Immunology,
Edward Via College of Osteopathic Medicine (Virginia)
Context: Heavy metals in particular cadmium, arsenic,
and lead have developed into a prominent topic as potential sources of toxicity. This paper aims to highlight the
key aspects of exposure, distribution, and metabolism of
arsenic, cadmium, and lead with an emphasis on rice as a
source of exposure. Additionally, this paper highlight the
need for improved public awareness and education for
prevention of exposure to heavy metals via rice ingestion.
Objective: This paper aims to highlight the key aspects of
exposure, distribution, and metabolism of the heavy
metals arsenic, cadmium, and lead with an emphasis on
rice as a source of exposure in vulnerable populations like
pregnant and breastfeeding mothers.
Methods: 1. Rice samples grown in China, Thailand, and
India, were purchased from a variety of Asian grocery
stores throughout Blacksburg and Roanoke, Virginia (Zip
codes 24060 and 24018).
2. Rice from each sample purchased was removed and
250 cubic centimeters placed in a plastic sample bag with its
identifying collection number with identifying information
recorded for each purchased sample of rice (Table 1).
3. All rice samples collected were identified as to purchase location, country of origin, exporter/importer information, whether rice was polished (white rice) or
unpolished (brown rice). Controls for the experiment consisted of five samples of rice grown in the United States.
4. All rice samples were sent to the Analytical Research
Laboratory, Virginia-Maryland College of Veterinary Medicine, Blacksburg, Virginia 24060, for analysis using
Inductively Coupled Plasma with Mass Spectrometry
Detection (ICP-MS) Analysis of Total Metals in Rice.
5. Representative portions of rice samples were microwave digested in modified polytetrafluoroethylene
(TFM-PTFE) vessels using a solution mixture of trace metal
grades of nitric acid (HNO3) and hydrogen peroxide (H2O2)
to ensure complete digestion of the rice matrix. The
resulting clear digests were then diluted in 2% (w/v) HNO3
+ 0.5% HCl prior to ICP-MS analysis.
6. Metal content was quantified using a calibration
curve with known concentrations of mercury in the same
dilute acid diluent as the samples.
7. ICP-MS analysis of these standards and samples was
performed by directly monitoring several metal isotopes at
199, 200, 201, and 202 m/z.
8. In addition to multiple isotope monitoring, the use of a
helium collision cell were further minimize and/or to eliminate potential polyatomic interferences and an on-line
addition internal standard solution comprised of bismuth
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(209 m/z) was utilized to correct for any potential instrumental response variations observed during the analysis.
Results: Each of the 29 rice samples collected were
analyzed for As, Cd, and Pb using inductively coupled
plasma mass spectrometry (ICP-MS). The concentration for
each sample was represented as ng of element/g of sample.
When concerning As, USA and China were in the top 5
samples with the highest levels of As. With the USA sample
(Sample ID: 143-1) having the highest level of As, with
263 ng of element/ g of sample. When concerning Cd, the
sample from China (Sample ID: 143-27) had the highest
level of Cd, with 165.6 ng of element/ g of sample. The USA,
China, India and Thailand were all in the top 5 samples
with the highest level of Cd. The highest level of Pb, came
from China (Sample ID: 143-27) with 114.65 ng of element/g
of sample. In the top 5 samples with the highest levels of Pb
were India, China, and Thailand. The red color represents
the amount which is below the level of quantitation.
Conclusion: These worries of heavy metal exposure are
further highlighted by the data collected. The data in table
1, illustrates that when concerning Arsenic concentrations,
that the United States (control) did not differ in concentrations when compared to those samples grown in
Thailand, India, and China. The same can be said for the
data in table 2, concerning Cadmium, where the United
states samples did not differ in concentrations when
compared to those samples grown in Thailand, India, and
China. The data from table 3, highlights that the United
States (control) varied in concentrations when concerning
Lead. The samples which were collected and manufactured
in the United States served as the control, and was hypothesized that these would not have high levels of heavy
metals. But, the data highlights that from all the samples
collected that the United States was in the top ten, especially when concerning Cadmium and Arsenic. It is
possible that the United States has a variety of other
contributing factors which would cause high levels of
heavy metals similar to those samples of rice produced
in other countries. Additionally, the samples which were
grown and manufactured in China showed high levels of
As, Cd, and Pb and were in the top ten for each.
Viable resolutions for preventing exposure to these
heavy metals include performing more research, providing
public education, and expanding regulations for heavy
metal content in rice. There is a need to assess more closely
what can be done to restrict how heavy metal content becomes incorporated into the rice. Moreover, public education is necessary so that informed decisions can be made
prior to eating rice and possibly decrease exposure,
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especially when concerning infants, expecting and
breastfeeding mothers. Furthermore, increasing regulations for rice production needs to be considered.
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Context: Multiple myeloma (MM) is a plasma B-cell malignancy characterized by osteolytic bone lesions.1 MM
cells secrete CCL3/MIP1α, a chemokine with the ability to
induce cell migration, which has been shown to induce
osteoclastogenesis.2 CCR1, a G-protein coupled receptor
(GPCR) activated by CCL3 is endogenously expressed on
both MM cells and osteoclast precursor cells.3
Objective: Previously, we showed that human recombinant CCL3-mediated chemotaxis was inhibited in the
RPMI8226 MM cell line in a dose-dependent manner by six
CCR1 antagonists. Here we assess the effects of the same six
CCR1 antagonists on the U266 MM cell line and U266_CCR1,
which stably express hCCR1. We hypothesized the CCR1
antagonists would result in a dose-dependent inhibition of
chemotaxis in both U266 and U266_CCR1 cell lines, similar
to that observed with RPMI8226.
Methods: The CCR1 antagonists used for these experiments included AZD4818, BX471, CCX354, CP481715,
MLN3897, P031291, and MG1-5. We then treated either the
MM cells or the RAW 264.7 cells with the CCR1 antagonists
and compared the results. Equivalent numbers of U266 and
U266_CCR1 cells are centrifuged, and the pellet brought up
in HHBS (Hank’s Balanced Salt Solution/10mM HEPES).
Cells are incubated with Calcein (2mM) at 37 °C, washed,
and brought up in HHBS. Serial dilutions of CCR1 antagonists (0.001 μM-9.64 μM) are added to the cells and the mix
placed into the top chamber of a 96-well Multiscreen®-MIC
plates (Millipore) with 5 μM pore size. 20% RAW supernatant (spn) or 20% Fetal Bovine Serum (FBS) are placed in
the bottom chamber. The chemotaxis plate is then incubated at 37 °C for 2 hours. 50 μL/well of the bottom chamber
is read using EX490/EM520 on a DTX 800 multimode plate
reader. On Day 1 RAW 264.7 cells at 50-70% conﬂuency in
DMEM Starved Media are placed in designated wellsof

96-well culture plate at 90 μL/well. On Day 2, serial dilutions of CCR1 antagonists (0.001 μM-10 μM) are added to
the RAW cells. On Day 3, RAW spn is removed and placed in
designated wells of the bottom chamber of the chemotaxis
plate for data collection 24-hour post RAW cell CCR1
antagonist treatment. The RAW cells are then re-dosed in
an identical manner. On Day 4, RAW spn is removed and
placed in designated wells of the bottom chamber of the
chemotaxis plate for data collection 48-hour post RAW cell
CCR1 antagonist treatment. The MM cell lines are prepared
in an identical manner as described in Aim 1 Methods, but
without the treatment of CCR1 antagonists, and placed in
the top chamber of the chemotaxis plate. The chemotaxis
plate is then incubated at 37 °C for 2 hours. 50 μL/well of the
bottom chamber is read using EX490/EM520 on a DTX 800
multimode plate reader.
Results: Each experiment was performed as three independent experiments, n=3 with the exception of MG1-5,
n=1. Experiments for treated MM cell lines were performed
in triplicate. Data for treated RAW 264.7 cells was performed in quadruplicate. Technical replicates were used to
ensure the reliability of single values. Data was normalized
and non-linear regression analysis was completed. Data in
the ﬁgures are expressed as mean ± SEM. All data analysis
was completed with GraphPad Prism software version 9.0.
No inhibition of chemotaxis was observed to RAW spn or
FBS with either cell line following treatment with the CCR1
antagonists. However, when the RAW 264.7 cells were
treated with the CCR1 antagonists, CCX354 decreased cell
migration of both cell lines in a concentration dependent
manner.
Conclusion: Given that inhibition has previously been
shown with RPMI8226 cells under similar conditions for
several of the compounds3, our ﬁndings highlight the
challenges of working with allosteric antagonists and how
contextual differences such as cell line can have profound
differences. That CCX354 was uniquely able to inhibit
RAW264.7 induced cell migration may be due to species
differences in CCR1. There are signiﬁcant differences in
expression and function of CCR1 between human and animal models. Mouse models for instance show CCR1 as a
chemotactic factor for neutrophils but not monocytes. Such
interspecies differences can lead to the misinterpretation of
results from animal disease models and limit the ability to
target the appropriate chemokine receptor in a human
disease model.4 CCX721, an analogue of CCX354, has been
shown to block the formation of mature osteoclasts and
decrease tumor burden and osteolytic damage in a mouse
model of MM (5TGM1).5 Furthermore, in double-blind,
placebo-controlled, single- and multiple-dose phase I
studies, CCX354 was well-tolerated, displayed a linear
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dose-exposure proﬁle, and demonstrated high levels of
receptor coverage 12-hours after an initial dose.6 That
CCX354 and analogues of CCX354 (CCX721) have exhibited
favorable results in both murine and human models, could
be the reason why CCX354 proved effective in our mixed
in vitro model containing a human MM cell line and murine
osteoclast precursor. CCX354, which displayed chemotaxis
inhibition for both the U266 and U266_CCR1 cell lines with
antagonist treated RAW 264.7 cells, could have broader
efﬁcacy and work with the murine cell line. It will be
interesting to learn if this compound will behave similarly
with human MM cells induced to migrate using spn from
human osteoclasts. Of the antagonists examined, CCX354
may prove to be a valuable new tool in treating multiple
myeloma.
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Context: The growing obesity epidemic has led to an
intensiﬁed focus on the maladaptation of energy homeostasis to obesity.1 Research has revealed that high fat diets
stimulate overeating, positive energy balance, and weight
gain.2 High-intensity-interval training has been shown to
blunt hyperphagia and improve satiety, in addition to
increasing energy expenditure.3,4,5,6 The aim of this study is
to evaluate the effects of high fat diet and high-intensityinterval training on appetite regulation.
Objective: To investigate the effects of a high fat diet and
high-intensity-interval-training (HITT) on appetite regulation in a rat model.
Methods: Thirty-nine female rats were randomly assigned
to exercise and diet protocols, resulting in 4 groups: control
diet/sedentary (CONsd, n=10), control diet/exercise
training (CONtr, n=10), high fat diet/sedentary (HFDsd,
n=9), high fat diet/exercise training (HFDtr, n=10). Control
(CON) diets consisted of chow with 10% kilocalories (kcal)
from fat and high fat diets (HFD) with 45% kcal from fat.
From PND 28 to PND 84 all subjects were given ad libitum
access to food and water.
Exercise training (tr) ran from PND 84 to PND 140,
consisting of 4 sessions per week. For each session, rats in
the same group were placed in individual lanes on a rodent
treadmill. Each training session began with a 5-minute
acclimation period (treadmill set to 10cm/sec), followed by
10 HIIT bouts. Each bout consisted of 1 minute of running,
then 2 minutes of rest. Running speed began at 55cm/sec.
Stiff bristled brushes and a shock grid (set to 2mA
maximum) were used to encourage forward motion. If all
subjects within a cohort ran without agitation or hitting the
shock grid for a full 1-minute interval, the speed was
increased by 4 cm/sec for the remaining bouts. New
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training sessions began with a speed 4 cm/sec slower than
the fastest speed obtained in the prior workout (55 cm/sec
minimum).
Feed intake of each subject was recorded per day and
analyzed using two-way analysis of variance with group
(CONtr, CONsd, HFDtr, HFDsd) treated as a between
group variable and time treated as a within subject
variable.
Osteopathic philosophy asserts that the human body
has an innate capacity to self-regulate. This self-regulation
of energy intake is disrupted in high-fat diets. Unfortunately, the interplay between diet and exercise, as it relates
to one’s ability to self-regulate, is poorly understood. This
study seeks to improve our understanding of the relationship between diet, exercise and energy homeostasis.
Results: Mean weekly caloric intake was inﬂuenced by an
interactive effect of diet and exercise training. As expected,
the average weekly caloric intake of rats fed a HFD was
higher (p<0.0001) than rats fed a control diet (430 ± 4.6 vs
396 ± 3.7 kcal/wk, respectively). No difference was
observed in the weekly caloric intake between sedentary
and exercise groups (409 ± 4.1 vs. 419 ± 5.2 kcal/wk,
respectively), although a trend was identiﬁed (p=0.0571).
Weekly caloric intake was lower (p<0.05) in CONex than
CONsd (360 ± 5.3 vs. 402 ± 5.4 kcal/wk, respectively), but
higher (p<0.05) in HFDex than HFDsd (476.6 ± 6.8 vs.
416 ± 6.3 kcal/wk, respectively). No difference was
observed in distance run between CONex and HFDex
(54.6 ± 0.6 vs. 54.1 ± 0.5 m/bout, respectively).
Conclusion: The goal of this study was to determine the
impact of diet and high-intensity-interval training on
appetite regulation in a rat model. These data indicate that
subjects that consumed a high-fat diet and underwent exercise training consumed more calories than those that
were sedentary and assigned a high-fat diet. In contrast,
the subjects that consumed a control diet and underwent
high-intensity-interval training consumed fewer calories
than those that were sedentary and assigned a control diet,
demonstrating an inverse response to maintaining energy
homeostasis depending on diet composition. This suggests
that weight loss strategies implementing a high-intensity
exercise program may be blunted if individuals are
consuming a high fat diet as there may be a propensity to
overconsume. Conversely, exercise training coupled with a
better macronutrient balance may encourage hypocaloric
intake, thereby facilitating a negative energy balance. A
deeper understanding of the mechanisms behind this
observation are critical to developing effective weight loss
strategies, and further research is needed to determine how
translatable it may be to human conditions.
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Context: Myeloid malignancies, comprising myelodysplastic syndromes (MDS) and acute myeloid leukemia
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(AML), are clonal diseases of hematopoietic stem or progenitor cells.1 The TP53 gene is a tumor suppressor gene
and is frequently mutated in patients with MDA and AML.2
The majority of TP53 mutations in myeloid malignancies
are missense mutations. One of these hotspot mutations is
a G-to-A substitution at nucleotide 525 of TP53, which
codes for an Arg175His (R175H) substitution.3
Objective: To fully understand the effects of TP53 R175H
mutation in the blood system, we used the mutant Trp53
R172H mouse model (equivalent to R175H in humans) in
our study. We investigated hematopoiesis and their
response to hematopoietic stressors in these mice, in
comparison to loss-of-function alleles (TRP53 null or heterozygous deletion mutants) mice. We hypothesized that
mutant Trp53 R172H mice have abnormal effects on hematopoiesis in mice
Methods:
Mice: Mice with different genotypes (Trp53+/+ or wildtype, Trp53R172H/+, Trp53R172H/R172H, Trp53+/-, and
Trp53-/-) were used in the study.
Flow cytometry: The frequency of mature blood cells and
hematopoietic stem and progenitor cells (HSPCs) was
measured by ﬂow cytometry.
Bone marrow (BM) transplantation: For noncompetitive
transplantations, 2 × 106 donor CD45.2 BM cells of indicated genotypes were injected into 11Gy lethally irradiated
CD45.1 recipient mice. For competitive repopulation assays, donor CD45.2 BM cells were mixed with CD45.1/
CD45.2 competitor BM at the indicated ratio and 2 × 106
total cells were injected into 11Gy lethally irradiated CD45.1
recipient mice.
5-Fluorouracil (5-FU) treatment: 5-FU was freshly
reconstituted with PBS at 10 mg/ml and injected intraperitoneally into mice at the indicated doses.
Statistical analysis: Statistical analysis was performed
with GraphPad Prism 8 software. Data are presented as
mean ± standard deviation. Statistical signiﬁcance was
deﬁned as *p<0.05; **p<0.01; ***p<0.001; ns, not
signiﬁcant.
Results:
(1) TRP53 R172H mutant mice have normal frequencies of
bone marrow HSPCs. The frequencies of peripheral
blood and bone marrow B cells, T cells, neutrophils,
and monocytes were similar among genotypes. An
increase in BM LSK (Lineage-cKit+Sca1+) progenitors
and LSK-SLAM stem cells in Trp53+/- and Trp53-/mice compared to the Trp53+/+ mice was observed.
However, the frequency of bone marrow HSPCs was
similar in Trp53R172H/+ and Trp53R172H/R172H mice
compared to the wild-type mice.
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(2) TRP53R172H mutant mice have reduced overall survival. The median survival of Trp53-/- and Trp53R172H/
R172H mice was similar. The median survival of
Trp53+/- and Trp53R172H/+ mice was not signiﬁcantly
different from each other.
(3) Mutant TRP53R172H hematopoietic stem cells have a
competitive advantage. A competitive bone marrow
transplant was performed to measure the effects of
mutant Trp53 on long-term stem cell function. Analysis
of peripheral blood chimerism showed that hematopoietic cells harvested from Trp53+/-, Trp53-/-,
Trp53R172H/+ and Trp53R172H/R172H mice had a
competitive advantage over the wild-type cells, with
Trp53-/- cells having the largest advantage.
(4) Mutant TRP53R172H has a gain-of-function effect
following 5-FU-induced hematopoietic stress. we
exposed mice to weekly 5-FU treatment and monitored
their survival for one month. All the mice harboring
Trp53-/- cells were alive by the end of the month and all
the Trp53+/+ mice died within 2 weeks of 5-FU injection. Mice containing Trp53R172H/+ cells were
partially resistant to 5-FU exposure as only 7 out of 10
mice died with a median survival of 21 days. We also
investigated the kinetics of hematopoietic recovery
after the 5-FU challenge. We found that the
Trp53R172H/+ mice were least affected by the 5-FU and
showed the fastest and largest recovery of WBC count
compared to Trp53+/+, Trp53+/- and Trp53-/- mice.
This result suggested that mutant TRP53R172H confers
a gain-of-function in response to 5-FU induced
cytopenia.
Conclusion: This study is helpful to underline the particular genetic functions in physiological and pathological
status. We found that HSPCs are not expanded in TRP53
R172H mutant mice compared to wild-type mice at baseline, in contrast to Trp53-/- and Trp53+/- mice that have
expanded HSPCs. However, TRP53 R172H mutant hematopoietic stem cells have a growth advantage compared
to wild-type cells. TRP53 R172H confers a gain-of-function
effect to hematopoietic cells following 5-FU exposure. In
summary, our results showed that mutant TRP53 R172H has
distinct hematological properties and responses to particular stressors, suggesting that this mutation may
contribute to the poor prognosis in patients with myeloid
malignancies.
This study is also significantly relevant to the tenets of
osteopathic medicine. Given that the body is a unit, it is
important to understand how certain environmental
stressors, such as chemotherapy treatment, interact with
cancer cells, and thus how the cancer cells then affect the
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entire body of patients. For this study, in particular, patients undergoing chemotherapy will experience effects
not only on the targeted cancer cells but also on the rest of
the body as a whole. Moreover, understanding the patients’
genetic structure and function is important when trying to
restore the proper functionality of the body during disease.
The relationship between structure and function at the
genetic level is critical when treating the patients, especially if the treatment has the potential to exacerbate the
disease.
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Context: Transcutaneous auricular vagus nerve stimulation (taVNS) prevents the development of diabetes in rats
with obesity-induced diabetes.1 In contrast, blood glucose
levels are not affected by cervical vagus nerve stimulation
(cVNS) in patients treated with cVNS for seizure control.2
While cVNS activates afferent and efferent vagal nerve ﬁbers, taVNS exclusively activates afferent nerve ﬁbers.
Thus, the possibility exists that taVNS – other than cVNS elicits anti-diabetic effects in humans.
Objective: The objective of this study was to investigate
the effects of taVNS on glucose metabolism in generally
healthy humans. Based on the ﬁnding that taVNS prevents
development of diabetes in Zucker diabetic fatty rats1, the
hypothesis of this study was that taVNS lowers postprandial blood glucose levels through stimulation of
pancreatic insulin secretion in humans.
Methods: The study was approved by the Burrell College
Institutional Review Board. Subjects (n=16) were recruited
from the local community in Las Cruces, NM. Following
informed consent, exclusion criteria (less than 18 years of
age, diabetes, pregnancy, and medications affecting
glucose metabolism or the autonomic nervous system)
were assessed through a questionnaire. Weight, height,
blood pressure (upper arm cuff), and time of last meal were
recorded. Then subjects were instrumented with EKG
electrodes and a ﬁnger cuff for continuous non-invasive
heart rate and blood pressure monitoring to assess the
impact of taVNS or sham-taVNS on autonomic tone.
Following a 30-min resting period, a capillary blood sample (ﬁnger prick) was obtained to determine blood glucose
concentration (ReliOn Prime Blood Glucose Monitoring
System, Walmart, Bentonville, AR) and insulin, C peptide
and glucagon plasma levels (Bio-Plex assay 171A7001M,
Life Science, Hercules, CA). On two different days (at least
1 week apart) taVNS (10 Hz and 300 µS) or sham-taVNS
(random order) was performed for 30 min followed by a
30 min recovery period, after which a second blood
sample was taken. Statistical analysis was conducted
using the freely available WinStat software.3 Paired t-tests
were used for comparisons between data obtained before
and after the intervention on both study days. The ManWhitney U-test was used for comparisons between data
obtained during the taVNS and the sham-taVNS protocols. Statistical signiﬁcance was assumed at P<0.05. In
line with the second osteopathic tenet, we anticipated
that afferent vagal nerve stimulation by taVNS activates
central nervous system pathways that result in selfregulatory processes that ultimately improve insulin
sensitivity and glucose metabolism, contributing to
overall health maintenance.
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Results: All subjects (n=16, 13 female, 3 male) were
normotensive. Body mass index (BMI) ranged from
17 kg/m2 to 44 kg/m2. None of the subjects were fasted. The
time since the last meal did not differ for subjects undergoing the taVNS (2.4 ± 0.4 h, n=14) or sham-taVNS
(2.7 ± 0.3 h, n=12, n.sig.) experiments. Throughout the
experimental protocol, blood glucose levels tended to
decline more in response to taVNS (-8.2 ± 2.0 mg/dL,
n=14) than in response to sham taVNS (4.9 ± 1.8 mg/dL,
n=12, P=0.12). Glucagon and insulin responses to the two
interventions did not differ signiﬁcantly. In contrast,
C-peptide levels declined signiﬁcantly during the shamtaVNS protocol (0.71 ± 0.28 ng/mL, n=8, P<0.05), but not
during the taVNS protocol (0.41 ± 0.71 ng/mL, n=8, n.sig.).
A negative correlation between the change in blood
glucose concentration and the change in C peptide
plasma levels was found in response to the taVNS intervention (R=-0.91, P<0.05) but not in response to the shamtaVNS intervention (R=-0.01, n.sig.), indicating that
small declines in C-peptide plasma levels during the
experimental protocol are associated with large decreases
in blood glucose concentrations following the taVNS
intervention.
Conclusion: C-peptide is a byproduct of pancreatic insulin
synthesis that is co-released together with insulin from the
β-cells within the islets of Langerhans. Due to its long halflife of 30-60 min, C-peptide can be used as a surrogate
measure of insulin, which has a short half-life of only 4-6
min. In participants undergoing the sham procedure, the
postprandial C-peptide plasma concentration declined
throughout the study duration. This decline in C peptide
observed during the sham-taVNS intervention was prevented by taVNS. This ﬁnding suggests that taVNS maintained C-peptide levels by stimulating pancreatic secretion
of C-peptide together with insulin. These ﬁndings in
healthy study participants are consistent with the idea that
afferent vagal nerve stimulation by taVNS may activate
central nervous system pathways that initiate selfregulatory processes that improve insulin sensitivity and
glucose metabolism in patients with type 2 diabetes.
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Context: As the novel SARS-CoV-2 coronavirus spread
across the globe, the race to ﬁnd effective drug therapies
began. However, a signiﬁcant lack of understanding of the
virus’s ability exploit host cell mechanisms for viral replication and survival is still unknown. Following the osteopathic tenet of the body as a unit, this research investigates
the dependence of HCoV-OC43 on host cell mechanisms for
viral survival.
Objective: The objective of this research is to better understand the mechanism at which HCoV-OC43 exploits
host mechanics by separating nuclear, mitochondrial,
plasma membrane, and cytoplastic cellular fractions. In
addition, the location of cellular proteins STK11IP, STK11,
and mTOR were identiﬁed within these different fractions.
Methods: MA104 cells (simian monkey kidney) were
infected human CoV-CO43. Subcellular fractions of the
nucleus, mitochondria, plasma membrane, and cytosol
from cell samples were obtained using centrifugation.
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Samples were standardized by Coomassie stained gel
electrophoresis. SDS-Page and transfers of the fractions
where then performed and later used for viral and cellular
protein probing with targeted antibodies. Antibody cellular
markers were selected to conﬁrm fractions from the Abcam
database. Infection was established using COVID Spike
and 7a in whole cell lysate. HCoV-OC43 infection was
conﬁrmed by cell culture cytoplastic effect (CPE).
Data analysis was done via western blot chemi image
analysis for cellular and viral protein band expression.
Known antibodies for target proteins were used to confirm
the identity of subcellular fractions in MA104 infected and
mock cells. Patterns of interest were scored based on
whether proteins appeared at their expected molecular
weight in expected or unexpected fractions.
Results: Selected antibodies were used to target host and
viral proteins. Plasma membrane markers were found in
infected cellular fractions of not only the predicted
plasma membrane fraction but also nuclear and mitochondrial fractions. Plasma membrane markers were
also found in uninfected samples of predicted nuclear
fractions. Cytoplasm markers were found in both infected
and uninfected nuclear, mitochondrial and plasma
fractions but not in the infected or uninfected fractions
the protocol predicted for cytoplasmic fractions. Early
endoplasmic markers were found in infected mitochondrial and nuclear fractions and the uninfected nuclear
fraction.
In addition, patterns of host and viral cellular protein
(STK11IP, STK11, mTOR, COVID Spike and OR7a) location
within fractions were analyzed to aid in understanding the
molecular pathogenesis of the corona virus and how
different components of the cells are affected during
infection. STK11IP was identified within the uninfected cell
sample for predicted nuclear fractions and infected mitochondrial and membrane fractions. This pattern is the
same for antibodies confirming the location of plasma
membranes. Markers for mTOR were found in the uninfected nuclear fractions and infected mitochondrial fractions. STK11 was only found in uninfected fractions
predicted but not supported by antibody markers for
cytoplasmic proteins.
Conclusion: Preliminary data suggest a unique correlation between the presence of plasma membrane antisodium potassium ATPase antibody marker in not only
the infected fractions of plasma membrane but also
the nuclear infected fractions and strongly in infected

mitochondrial fractions. SARS-CoV replicates within the
cytoplasm of infected cells through an elaborate but
poorly understood double-membranes vesicles (DMVs)
that form on the host endoplasmic reticulum (ER). Our
results support the theory that SARS-CoV DMV replication
complexes could be made of a mixture of modiﬁed host
cell membranes including plasma and mitochondrial
membranes. The DMVs are reported to be very fragile and
difﬁcult to preserve when ultrastructural studies are done
explaining the presence of more antibody markers associated with the mitochondrial and nuclear fractions than
the plasma membrane fraction.1
As infection progresses, DMVs become concentrated in
the perinuclear area separated by mitochondria along the
ER, this additionally supports a sperate theory of mitochondrial associated membranes (MAMs). Literature suggests that reorganization of host cell membranes to form
DMVs is a defense mechanism of the virus to hide its sites of
viral RNA synthesis.2 Future research can potentially use
target proteins of the host reorganized membranes for
theraputic measures to stop viral replication.
Based on our previous research, increased expression
of STK11IP, an upstream regulator of STK11, modulates
mTOR promoting viral replication by inhibition of the
AMPK pathway. Our results show mirrored location
markers for both plasma membrane and STK11-IP suggesting that STK11IP may be interacting with host plasma
membranes for replication. The viral DMV theory of combined cellular membranes affirms the importance of an
osteopathic approach even on a subcellular level.
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Context: Rotavirus is the leading cause of diarrheal disease worldwide in children under ﬁve.1 Identifying the
presence of viral proteins in subcellular fractions will help
convey utilization of particular parts of host cell machinery
to promote infection. An osteopathic approach aligns with
the tenet that the body is a unit and by discerning the many
ways the virus makes use of the different parts of the cell,
one can piece together the regulation of viral replication as
a whole within host cells.
Objective: The objective of this project is to determine
which parts of the host cell rotavirus is exploiting for
infection using subcellular fractionation of host cells.
These fractions were identiﬁed by using targeted antibodies to conﬁrm known proteins in the fraction. Host
proteins such as STK11 (serine threonine kinase), STK11IP
(serine threonine kinase 11 interacting protein), and mTOR
(mechanistic target of Rapamycin) were also used to
analyze the presence in different subcellular fractions.
Methods: MA104 cells (simian monkey kidney) were
infected with simian rotavirus strain SA11 with and without
Rapamycin treatment. Subcellular fractions of the nucleus,
mitochondria, plasma membrane, and cytosol from SA11
samples were obtained using centrifugation. Samples were
standardized by Coomassie stained gel electrophoresis.
SDS-PAGE and transfers of the fractions where then performed and later used for viral and cellular protein probing
with targeted antibodies. Antibody cellular markers were
selected from the Abcam database. Rotavirus infection was
conﬁrmed using rotavirus non-structural protein NSP2.
Data analysis was done via western blot chemi image
analysis for cellular and viral protein band expression.
Known antibodies for target proteins were used to confirm
the identity of subcellular fractions in MA104 infected and
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uninfected cells. Patterns of interest were scored based on
whether proteins appeared at their expected molecular
weights and in their expected fractions or if they appeared
in other fractions.
Results: In order to visualize the proteins of interest, select
antibodies were used in western blots. Plasma membrane
markers were found not only in the membrane fraction but
in the nuclear and mitochondrial fractions as well for
infected and mock cells. Similar unexpected patterns
occurred with the other protein antibodies (nuclear, cytosolic, early endosome) that were used for detection of
subcellular fractions. In addition, patterns of host and viral
cellular protein (STK11IP, STK11, mTOR, and NSP2) location
within fractions were analyzed. STK11–IP markers were
identiﬁed within the uninfected cell sample for nuclear,
mitochondrial and membrane fractions all of which were
conﬁrmed with cell organelle markers. While mitochondrial fractions were the only location of STK11IP in infected
cells. STK11 was also solely found in the mitochondrial
fractions however, in both infected and uninfected cells.
mTOR was found in mitochondrial mock fractions of uninfected cells.
Conclusion: Preliminary data suggests a correlation between the presence of plasma membrane antibody marker
in both plasma membrane fractions of infected and noninfected fractions as well as the mitochondrial fractions of
infected cells. This suggests that during infection the
viroplasm is not only associated with the ER but with the
mitochondria as well. This association may be through
mitochondrial associated membranes (MAMs) which are
subdomains of the ER that foster juxtaposition of the ER
and mitochondria during accumulation of ER proteins.2
During infection the viroplasm attached to the ER may
exploit the protein producing ability of the ER to make its
own viral proteins and thus causing an increased production of ER proteins to ensure viral progeny can be made.
MAMs are abundant in cholesterol and detectable in
membranes of cellular organelles like the mitochondria
and ER. The close approximation of the ER and mitochondria due to MAMs may help with membrane trafﬁcking and cell signaling to further propagate infection of
host cells. This preliminary data may add to the understanding of which host proteins the virus impacts during
infection providing potential targets for therapy. Normalization of data with repeated subcellular fractions will help
tailor the methods we use to get pure fractions without
carry over. In addition, using more known antibodies
would help identify cellular proteins found within each
fraction. Future directions could include detection of a
MAM marker present in both infected mitochondrial and
ER membrane fractions. This would elucidate why
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membrane markers are being detected in fractions other
than membranes themselves in infected cells. Clarifying
this particular pathogenesis of the Rotavirus through
organelle membranes could help with the understanding
of the molecular hijacking used in other RNA viruses such
as the Sars-CoV-2, which has signiﬁcantly impacted the
world and has become a pressing issue as it has taken the
lives of millions.
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Context: The role of the cerebellum in coordination of
movement is universally accepted, but the mechanisms
underlying this role remain elusive. There is evidence to
suggest that Purkinje cells (PC) have a role as the computational center of the cerebellar cortex1, however the link
between PC function and animal behavior is not fully understood. The goal of this study is to observe the behavioral

and neuronal changes associated with electric stimulation
of the cerebellar cortex in SCA11 mice.
Objective: Hereditary spinocerebellar ataxia (SCA) affects
people worldwide, occurring at an estimated global prevalence of 1 to 5 per 100,000 people.5 SCAs are a group of
genetically inherited ataxias, caused by progressive
degeneration of the cerebellum and associated regions of
the nervous system.3 SCA11 mice expressing a malformed
cerebellar Purkinje cell layer, show characteristic symptoms of cerebellar dysfunction during behavior that is
similar to those observed in people affected by SCA11.
Methods: All animal procedures were in accordance with
the protocol approved by the IACUC of PCOM-GA. Mice
were purchased from JAX and housed in the LAR at PCOM
Georgia. Mice were trained to walk on a self propelled
wheel. Video recordings taken during experiments provided both lateral and inferior views of the animal. Videos
of the experiment were captured using a camera and the
Pylon Software. The onset of video recording was triggered
externally, with the frame rate being between 80 and 100
fps. Video data was later analyzed using DeepLabCut
(DLC), a markerless pose estimation program. Electric
stimulation was applied to the cerebellar cortex using a
concentric electrode with a tip size of 2 to 3 µm. Stimulation
applied consisted of a 200 µA pulse train of 105 pulses over
a duration of 178.2 ms. An FHC microelectrode with a
resistance of 1 MΩ was used to collect LFP recordings from
the contralateral primary motor cortex. LFP signals were
collected using pCLAMP at a sampling frequency of 10 kHz
using a band ﬁlter from 1 Hz to 20 kHz. Since PCs are the
sole output of the cerebellar cortex and it is known that
these cells are dysfunctional in SCA2, a computational
neuronal model of a cerebellar Purkinje cell was used to
simulate the effects of alterations of Purkinje cell
morphology and synaptic properties affect cell function. In
order to analyze locomotion of mice while on the wheel an
open-source markerless pose estimation program, called
DLC was used.4 MATLAB was then used for further analysis
of DLC data and plotting. Gait parameters observed and
analyzed using matlab included stride length, stride width,
limb velocity, and step cycle. LFP recordings were plotted
against time in order to observe the summation of activity
in the primary motor cortex. Furthermore, a power spectrum was used to display the dominant frequencies present
both before and after stimulation. The correlation between
stepping frequency and dominant LFP frequency was
studied.
Results: The key ﬁnding of this study was that there was a
signiﬁcant difference between control and ataxic mice in
both local ﬁeld potential and corresponding behavior.
Furthermore, the frequency of local ﬁeld potential activity
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correlated with the frequency of behavior for both control
and ataxic mice. Electric stimulation of the cerebellar cortex did not cause signiﬁcant changes in behavior or local
ﬁeld potential activity for both control and ataxic mice. A
computational model of a cerebellar Purkinje cell showed
that decreasing the dendritic arborization of the cell as well
as removing metabotropic glutamate receptor type 1
caused the cell to decrease in ﬁring rate.
Conclusion: In this study a signiﬁcant difference between
the behavior of control and SCA11 mutant mice was
apparent. Upon analysis of the gait of control and ataxic
mice it was found that ataxic mice displayed a signiﬁcantly
shorter stride length, lower frequency of stepping, and a
slower limb velocity as compared to that of control mice.
These results are consistent with the expected ataxic
phenotype. Furthermore, LFP activity was strongly correlated with frequency of stepping for both control and ataxic
mice. The key ﬁnding of this study is that there is a signiﬁcant difference between control and ataxic mice in LFP
activity and the associated behavior. This ﬁnding highlights an association between cerebellar dysfunction and
changes in motor cortical LFP activity that correlate with an
ataxic phenotype. Computational modeling of a cerebellar
Purkinje cell provided a better way for us to understand the
mechanism behind the morphological and synaptic
changes associated with SCA. It was found that decreasing
the dendritic arborization of the cell as well as removing
mGluR1 caused the cell to decrease in ﬁring rate. These
ﬁndings suggest that cerebellar Purkinje cell deformations
lead to a decrease in action potential generation and subsequent alteration of cerebellar output that results in
abnormal motor cortical activity and behavior that is seen
in SCA.
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Context: The usage of the anticancer drug Doxorubicin
(DOX) is limited due to the severe cardiotoxicity through
poorly deﬁned mechanisms. AMP-activated protein kinase (AMPK) is an essential cellular energy homeostasis
regulator which supports cell survival. AMPK activation is
speculated to be protective against DOX-induced cardiomyopathy. However, there has been limited investigation
about the role of the different subunits of AMPK or their
individual isoforms in DOX-induced cardiomyocyte
injury.
Objective: To investigate the effects of knocking down
isoforms of the energy-sensing γ subunit of AMPK on
DOX-induced cytotoxicity in cardiac cells.
Methods: H9c2 cardiomyoblast cells were treated with
siRNA to knock down the expression of γ1, γ2, or both and
then exposed to DOX. Cell death was determined by propidium iodide (PI) staining that indicates necrosis and
Western blot analysis of the expression levels of cleaved
caspase 3 that signals apoptosis.
Results: Our ﬁndings show that knockdown of the γ1, but
not the γ2, isoform induces increased H9c2 necrosis
compared to the control treatment, as shown by an increase in PI positive cells, without increasing cleaved
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caspase 3 expression. In the DOX-treated H9c2 cells, there
is no further cell death induced by γ1 knockdown. Interestingly however, while DOX treatment induced apoptosis
in the control cells, shown by increased expression of
cleaved caspase 3 compared to non-DOX treated control
cells, the increase in cleaved caspase 3 expression was
reversed to normal levels in the γ1 knockdown cells. The
effects of γ2 knockdown were minimal either in the γ2 alone
or both γ1 and γ2 siRNA-treated cells.
Conclusion: These ﬁndings suggest that AMPK γ1 isoform
may play a role to induce apoptosis but not necrosis in
response to DOX.
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Context: P21-Activated Kinase 1 (PAK1) is a serinethreonine kinase that plays a protective role in cardiomyocytes under several stressful conditions through
unknown mechanisms. We have previously demonstrated
that PAK1 is essential for maintaining autophagy and
mitophagy activities. However, the downstream mediator
remains to be identiﬁed. P62 (Sequestosome 1/SQSTM1) is a
multifunctional adaptor protein involved in numerous
cellular functions including autophagy and mitophagy.
Objective: In this study, we investigated the relationship
between PAK1 and p62 in the regulation of autophagy and
mitophagy in H9c2 cardiac myoblast cells.
Methods: PAK1 was knocked down in H9c2 cardiac
myoblast cells by using siRNA and the expression level of

p62 was determined by Western blot analysis. Meanwhile, the autophagy ﬂux and mitophagy ﬂux were
determined by measuring LC3-II protein levels in total
cell lysates and mitochondrial fractions with and without
the lysosomal inhibitors pepstatin A (pepA) and E64d,
respectively. The qualitative imaging results for the
expression of p62, the autophagy ﬂux, and the mitophagy
ﬂux obtained from Western blot detection were quantiﬁed using Fiji ImageJ software. The collected numerical
data were analyzed and presented in graphical format
using Prism software. One of the tenets of osteopathy
emphasizes the body’s ability to self-regulate, heal, and
maintain homeostasis. Understanding the role of p62 in
the PAK1 autophagy and mitophagy signaling pathways
is crucial in establishing therapies that restore cellular
homeostasis and in turn improve outcomes in patients
with various heart diseases.
Results: The results showed that PAK1 knockdown substantially reduced p62 protein levels in the total cell lysates. PAK1 knockdown also decreased LC3-II levels in the
total cell lysates, which were not signiﬁcantly increased by
the lysosomal protease inhibitors pepstatin A (pepA) and
E64d, suggesting that autophagy ﬂux is reduced by
downregulation of PAK1. Similarly, PAK1 knockdown
concurrently reduced the expression levels of p62 and
LC3-II in the mitochondria fractions either in the presence
or absence of pepA and E64d, indicating limited mitochondrial degradation or mitophagy in the absence of
PAK1.
Conclusion: Together, our results demonstrated a clear
correlation between decreased p62 levels and reduced
autophagy ﬂux and mitophagy ﬂux upon PAK1 downregulation, raising the possibility that p62 may be a downstream mediator that is responsible for PAK-dependent
autophagy and mitophagy. Further studies are warranted to
determine whether restoring p62 levels can overcome the
inhibition of autophagy and mitophagy by PAK1 deﬁciency.
It is equally important to elucidate how PAK1 knockdown
can lead to the reduced p62 expression.
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Context: Tissue nonspeciﬁc alkaline phosphatase (TNAP)
can cause osteoblastic transformation of vascular cells,
contributing to vascular hydroxyapatite crystallization.1,2
Calciphylaxis is a rare yet fatal form of vascular calciﬁcation often associated with end-stage renal disease (uremic
calciphylaxis), but also with non-uremic causes.3 Thrombotic occlusion leads to chronic skin ulcers and necrotic
lesions prone to superinfection. Risk factors include
obesity, diabetes, and warfarin use.
Objective: Our study aims to validate a mouse model of
non-uremic calciphylaxis secondary to alkaline phosphatase overexpression in the vasculature. Histological and
micro-CT evaluation of trunk skin samples will help
determine if the lesions are characteristic of calciphylaxis.
We hypothesized that TNAP upregulation would lead to
medial calciﬁcation and intima ﬁbrosis of small arterioles.
Consequential thrombosis and tissue hypoxia will result in
skin lesions characteristic of early-stage calciphylaxis.
Methods: Our experiment used tissues from a previous
study, archived in formalin. Skin was sampled from the
trunks of 9 mice with TNAP-induced vascular calciﬁcation
and 9 wild type (WT) mice that served as the controls. Trunk
regions were chosen as they are a common location for
human calciphylaxis lesions.3 Tissue samples were prepared as cryosections on TruBond™ adhesive slides to increase tissue adherence. Tears and holes were often formed
when creating cryosections of calciﬁed tissues. Thus,
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sections with the best preservation of tissue morphology
were collected. Calcium deposits and morphological
changes were characterized histologically using Alizarin
and H&E (hematoxylin and eosin) stains, respectively.
Modiﬁcations were made to the Alizarin protocol to improve
tissue adhesion. Slides were laid on a ﬂat surface, and a
micropipette was used to ﬂood the tissues with 200µL of
20mM Alizarin Red. Afterward, a transfer pipette was used to
rinse the tissues with PBS three times.
Tissues from 6 TNAP mice and 5 WT mice were also
dissected and observed via micro-CT to confirm the presence of calcium. The amount of calcification was also
measured volumetrically from micro CT reconstruction.
From a related cohort, 1 TNAP mouse and 1 WT mouse were
perfused with a vascular contrast resin (Microfil® MV-122
Yellow, Flow Tech, Inc.). Trunk tissues from these mice
were then dissected, and arterial vasculature was reconstructed via micro-CT. Data were analyzed using a twotailed student’s t-test using GraphPad Prism statistical
software. Signiﬁcance was accepted at p<0.05.
A holistic approach to patient care makes osteopathic
physicians uniquely equipped to manage ischemia patients. Osteopathic manipulative treatments (OMT) such as
myofascial thoracic outlet release, diaphragm doming,
pelvic diaphragm release, and pedal pump may improve
lymphatic flow and restore blood flow. Evidence suggests
OMT reduces edema and subsequent healing time for
venous ulcers.4
Results: Both Alizarin and H&E conﬁrmed the presence of
calcium deposits in the skin of mice with TNAP upregulation. These mice, as well as the WT mice, were all
23-week-old males. The calciﬁcation appeared to be primarily vascular in nature and localized to the dermis and
subcutaneous adipose tissue. Incidentally, we also found
that the TNAP mice lost the typical morphology of skin
structures (such as hair follicles) compared to WT mice
tissues.
Micro-CT analysis of non-perfused and perfused mice
tissues further confirmed the presence as well as the extent
of calcification. Non-perfusion micro-CT revealed that
calcification was present in 100% of TNAP mice compared
to the complete absence of vascular calcification in WT
mice. The calcification in the affected mice appeared to
follow a vascular pattern and to be localized to the dermis
and subcutaneous adipose tissue. Perfusion micro-CT
confirmed both the vascular nature and the location of
the calcification. Perfusion micro-CT also revealed that
tissues of the TNAP mice had been incompletely perfused,
meaning that the contrast resin did not fill the full diameter
of each blood vessel.
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Conclusion: Our histological ﬁndings support the hypothesis that TNAP upregulation leads to a calciphylaxislike condition of the skin. The presence of vascular calciﬁcation in adipose-rich trunks of the TNAP mice is
consistent with the pattern of lesion formation in human
calciphylaxis patients. Incomplete perfusion of TNAP mice
tissues, as observed via micro CT, may suggest that calciﬁed deposits occluded the blood vessels.
Observations from our mice tissues are consistent with
early-stage human calciphylaxis. According to a previously described histological and cutaneous schema, our
mice tissues are most reflective earliest histologic manifestations.5 These early stages lack ulcerations or necrotic
lesions, however, they may be characterized by gross skin
changes with intact epithelium. The fur coat on our mice
made it difficult to identify signs of purpura, livedo reticularis, or other skin changes of this nature that may be
present in early-stage human calciphylaxis.2,5
Our study had a few limitations. The mice we used did
not have gross skin lesions, as is typical of human calciphylaxis at the time of diagnosis. Thus, all of our observations were done purely microscopically. Additionally,
some of the TNAP mice sections were more difficult to
analyze histologically due to the sections tearing at calcification sites.
While there is limited literature on uremic calciphylaxis, its non-uremic counterpart is even less understood.
Detection of calciphylaxis-like lesions in TNAP mice
provided supporting evidence for the TNAP activity as a
target gene for non-uremic calciphylaxis. Future studies
comparing the histological findings to human lesions
with TNAP upregulation and the curative potential of
TNAP knockout mutations for calciphylaxis may be of
interest. Advances in this research may allow dermatologists and primary care physicians to recognize calciphylaxis and begin proper management leading to a
better prognosis.
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Context: No therapy is available currently to reverse
vascular calciﬁcation.1 We have previously shown that
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endothelial cells can promote vascular calciﬁcation and
overexpression of tissue-nonspeciﬁc alkaline phosphatase
(TNAP), a regulating enzyme in biomineralization, can
increase osteogenic potential of endothelial cells and
accelerate atherosclerosis. 2,3 However, whether TNAP
activity in vascular endothelium is essential for intimal
calciﬁcation and the progression of atherosclerosis is
unknown.
Objective: To determine whether elimination of TNAP
expression in endothelial cells would be sufﬁcient to reduce
intimal calciﬁcation associated with atherosclerosis.
In line with osteopathic principal of interconnectedness between structure and function, we sought out to see
how the body attempts to keep up normal cardiac function
in the presence of altered gene expression, how much it
takes to induce physiological changes with this allostatic
load, and if the gene expression changes these odds.
Methods: To produce endothelial-speciﬁc WHC-eTNAP
knockout (KO) mice, a mouse model was introduced with
human alkaline phosphatase gene (alpl), which encodes
TNAP, and intercrossed with endothelial-speciﬁc CRE
recombinase mice. CRE was expressed under the control of
the Tie2 gene promoter. To create hypercholesterolemic
conditions, a mouse model with a homozygous recessive
wicked high cholesterol (WHC) mutation in the low density
lipoprotein receptor (LDLR) was used. Endothelial TNAP
KO (n=8) and control (n=9) mice were fed an atherogenic
Western diet starting from 8 weeks of age and until
52 weeks of age.
At 52 weeks of age, echocardiography was performed
using a Vevo3100 imaging system (Fujifilm Visual Sonics).
Mice were anesthetized with 1% - 2% isoflurane, and parasternal short axis view was obtained in B-mode and
recorded in M-mode. Heart rate was maintained at greater
than 400 bpm, and the anesthesia level was adjusted as
needed. M-mode echocardiograms were analyzed by
tracing myocardial wall movement over 3 to 5 cardiac cycles with VevoLab imaging analysis software to measure
cardiac time interval, left ventricular (LV) diameter and LV
wall thickness in systole and diastole, and to calculate
heart rate, LV mass, ejection fraction, cardiac output, and
stroke volume.
Calcium volume in the aortic root and aortic arch area
was obtained ex vivo with microcomputed tomography
(microCT) instrument SkyScan 1173 (MicroPhotonics). 3D
image stacks were reconstructed from the rotation image
projections using NRecon software (MicroPhotonics).
Reconstructed images were analyzed and quantified using
Dragonfly 4.1 program (Object Research Systems Inc).
Data were expressed as mean ± SD. GraphPad Prism
version 7 (GraphPad Software) was used for all analyses.
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Data were analyzed using a 2-way ANOVA to calculate the
effects of the genotype adjusted for sex. The signiﬁcance
was accepted at p<0.05.
Results: MicroCT data did not show a statistically signiﬁcant
decrease in calciﬁcation in the aortic root or arch area in
endothelial TNAP KO mice compared to controls; however,
several cardiac parameters were affected by genotype. The
physiological examination of the mice demonstrated that
ablation of TNAP expression in the endothelium resulted in a
signiﬁcant reduction in ejection fraction (29% vs. 46%,
p<0.05), stroke volume (0.94 vs. 1.51 ul/g, p<0.05), and cardiac output (0.43 vs. 0.70 ml/(min*g), p<0.05) in the absence
of cardiac hypertrophy.
Conclusion: Although overexpression of TNAP has previously been implicated in increasing vascular calciﬁcation and atherosclerosis, our observation of TNAP
downregulation did not show any effect on natural progression of calciﬁed atherosclerosis. Our data, however,
indicate that TNAP is required for the protection of cardiac
function under conditions of atherosclerosis in mice. The
optimal expression of TNAP where it offers cardioprotective properties without an increase in vascular
calciﬁcation warrants further investigations.
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Context: A relationship exists between cardiac tissue
thyroid hormone (TH) levels and dilated heart failure (HF).
THs contribute to contractile and relaxation forces in the
heart; decreased THs are associated with a worse prognosis
in HF patients.1 Treatment with THs beneﬁts HF patients.2
Overexpression of tissue-nonspeciﬁc alkaline phosphatase
(TNAP) in the vascular endothelium induces vascular
calciﬁcation manifesting as coronary artery disease (CAD)
and HF in a mouse model (TNAP transgenic mice).3
Objective: To determine if mice with TNAP induced HF
show decreased levels of circulating TH in the blood. It is
hypothesized that there will be decreased levels of circulating TH in TNAP HF mice when compared to the wild type
(WT) mice. The osteopathic principle of unity of the body is
used by investigating the relationship between THs and
cardiac outcomes.
Methods: In this study, plasma samples from TNAP mice
on the C57BL/6 genetic background were compared to
control WT mice. We noted that mice on the pure C57BL/6
genetic background were more susceptible to CAD and HF
compared with the original TNAP stain on mixed genetic
background. HF in the TNAP mice was deﬁned as reduced
ejection fraction shown on an echocardiogram. The
circulating THs consist of the active hormone Triiodothyronine (T3) and precursor hormone Thyroxine (T4). T3
can either be measured bound to transport proteins or
unbound as free T3. AccuBind Enzyme-linked immunosorbent assay (ELISA) microwells were used to detect

plasma levels of T3, Free T3, and T4, which were used
according to the manufacturer’s recommended protocol.
Our sample consisted of 17 WT and 12 TNAP mice. T3
serum reference ranges included 7.5, 5.0, 2.5, 1.0, 0.5,
0.25, 0.125, and 0 ng/dl. 50 mul of serum reference, WT
plasma sample, or TNAP plasma sample were pipetted in
duplicate. Free T3 serum reference ranges included 19,
8.6, 5.4, 3.1, 1.4, 0.7, and 0.75 pg/ml. 50 mul of serum
reference, WT plasma sample, or TNAP plasma sample
were pipetted in duplicate. T4 reference ranges included
25.0, 15.0, 10.0, 5.0, 2.0, 1.0, and 0.5 mug/dl. 20 mul of
serum reference, WT plasma sample, or TNAP plasma
sample were pipetted in duplicate. Statistical analysis
was performed using IBM SPSS Statistics to compare
thyroid hormone levels in the TNAP group to the WT
group.
Results: The mean ejection fraction percentage difference
between the TNAP group (29.6 ± 18.4) and the WT group
(57.3 ± 15.9) was statistically signiﬁcant (p=0.004)
Unpaired t-tests were performed to compare the mean
levels of T3, Free T3, and T4 in WT and TNAP mice. T3
showed no statistical difference in the means of the TNAP
group (1.310 ± 0.720) vs. the WT group (1.330 ± 0.261,
p=0.916). Free T3 showed no statistical difference in the
means of the TNAP group (3.403 ± 1.035) vs. the WT group
(3.765 ± 0.537, p=0.229). T4 showed no statistical difference
in the means of the TNAP group (5.476 ± 2.641) vs. the WT
group (4.824 ± 2.950, p= 0.546).
Conclusion: The results of this study show no relationship between HF and change in levels of circulating THs in
a mouse model. This suggests that ischemic HF in a mouse
model may develop prior to the onset of detectable imbalances in circulating TH levels. Some limitations that
may be responsible for this include a faster onset of HF in
the TNAP mice (∼8 weeks) relative to the human disease
and the lack of cardiac tissue T3 measurements. Other
limitations of this study include relatively small sample
size and limited availability of plasma samples which lead
to not all samples being measured as duplicates. Current
research suggests that serum thyroid levels are not always
a reliable indicator of tissue thyroid levels and may underestimate cardiac tissue levels2. We suggest future
studies measure cardiac tissue fetal gene levels, which
can act as a measurement of tissue T3 levels. We would
also suggest measuring serum levels of thyroidstimulating hormone (TSH), which indicate subclinical
levels of hypothyroidism when elevated with a normal
free T3 level.
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Context: In patients who develop atherosclerosis, inﬂammation upregulates tissue-nonspeciﬁc alkaline phosphatase (TNAP) activity in vessel walls that overlaps with early
signs of calcium deposition in the atherosclerotic plaque.1
Our preliminary study showed that increased expression of
TNAP in macrophages exacerbates atherosclerotic calciﬁcation in a mouse model. However, whether or not TNAP is
necessary in the progression of calciﬁcation, or for proper
cardiac function, has yet to be studied.
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Objective: The purpose of this study was to determine the
effect of TNAP ablation in macrophages on atherosclerotic
plaque calciﬁcation and cardiovascular physiology, and
compare it to a control situation.
Methods: Macrophage-speciﬁc WHC-mTNAP knockout
(KO) mice were produced in our colony by intercrossing
ﬂoxed alpl transgenic mice (alpl gene encodes TNAP) and
macrophage-speciﬁc CRE recombinase mice, in which CRE
was expressed under the control of the lysozyme gene
promoter. The macrophage TNAP KO strain was developed
on the background of homozygous WHC (“wicked high
cholesterol”) mutation in the low density lipoprotein receptor gene. WHC-TNAP KO (n=10) and their WHC littermates (n=9) were placed on an atherosclerosis inducing
diet at 8 weeks of age. The mice were maintained on the
diet for 44 weeks, or until they turned 52 weeks. Microcomputed tomography (microCT) analyses of calciﬁcation
in the aortic roots and arches were performed ex vivo.
Echocardiographic studies were performed to assess cardiac structure and function at 52 weeks of age. Data were
analyzed via a 2-way ANOVA to calculate the effect of TNAP
ablation on calciﬁcation and cardiovascular physiology
while adjusting for sex.
While the efficacy and application of OMM are limited in
animal models, these models can inform us about the
function of the body as a unit in health and disease.2 As
illustrated by this work, a biomedical hypothesis can be
framed to understand the interaction between more than
one organ system. Here we investigated whether a speciﬁc
genetic deﬁciency in myeloid cells of the immune system
can affect the course of vascular pathology and cardiac
function. Moreover, the study was conducted on a background of a genetic mutation in the low-density lipoprotein
(LDL) receptor, which is expressed in the liver and is
essential for the elimination of LDL cholesterol from circulation. Collectively, our approach to basic science research
follows the fourth tenet of Osteopathic Medicine, stating
that – “Rational treatment is based upon an understanding
of the basic principles of body unity, self-regulation, and the
interrelationship of structure and function.”
Results: CT data showed no signiﬁcant difference in
calciﬁcation levels between the two genotypes (p=0.4702)
of the mice. The WHC control mice and WHC-TNAP KO
mice had a mean calciﬁcation level of 0.1456 mm^3 and
0.1004 mm^3, respectively (3.292% difference). Cardiac
parameters such as left ventricular (LV) mass/body weight
(BW) (p=0.2248), ejection fraction (EF) (p=0.2136), and
cardiac output (CO)/BW (p=0.0843) also showed no signiﬁcant difference between the two genotypes. The WHC
control mice and WHC-TNAP KO mice had a mean LV mass/
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BW of 6.287 mg/g and 5.427 mg/g, respectively (9.385%
difference). The WHC control mice and WHC-TNAP KO mice
had a mean EF of 46.64% and 35.05%, respectively (6.878%
difference). The WHC control mice and WHC-TNAP KO mice
had a mean CO/BW of 0.7141 ml/(min*g) and 0.4921 ml/
(min*g), respectively (13.87% difference).
Conclusion: Our data suggest that, despite TNAP expression in macrophages being sufﬁcient to induce calciﬁcation of atherosclerotic plaques, it is not necessary for the
calciﬁcation process. To the extent of our study, the ablation of TNAP in macrophages does not appear to have any
consequences in a mouse model of atherosclerosis. Future
studies should focus on TNAP ablation in another organ
that produces endogenous TNAP such as the liver.3 Additionally, other methods such as detecting osteocalcin with
immunohistochemistry can be utilized to examine calcium
levels4 Histology of the heart tissues could also be analyzed
with alizarin red to locate calcium deposits.5
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Context: Current literature has examined the use of digital
video otoscopy (DVO) and found it to be as accurate as
manual otoscopy when used by a trained medical provider.1,2 Another study suggested medical providers have a
preference for DVO when identifying tympanic membrane
pathology.3 It was noted that few studies had been conducted on medical students and their preferences. DVO is a
low cost method that may improve student’s experiences
when learning how to conduct an otoscope exam.
Objective: To identify whether including training in digital
video otoscopy (DVO), in addition to training in manual
otoscopy examination (MOE), improves ease and accuracy
of anatomical recognition for medical students compared
to MOE training alone.
Methods: This study was a survey study. 40 medical students self enrolled in this study based on an advertisement
posted to the class Facebook group. There was no exclusion criteria other than previous DVO training. Study participants were assigned a number. The participants
received a lecture from faculty on how to use the DVO.
Participants were randomly paired and assigned to positions of examiner and examinee. The participants then
took turns as the examiner and examinee. First, the
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examiner utilized the MOE and then the DVO on the
examinee to locate inner ear landmarks and then rate their
conﬁdence in locating these landmarks as well as their
conﬁdence in using the DVO. Examinees rated their comfort while being examined. Participants then switched
roles and repeated the experiment. Data was analyzed by
calculating the average score for each category and the
standard deviation around that score. The mean scores for
DVO were then compared to the mean scores for MOE.
Results: Using data compiled from student surveys, we
assessed examinee comfort, examiner comfort, examiner
conﬁdence and anatomical landmarks recognition scores
in both MOE and DVO. The response rate was 100%, as all
students who participated in the study completed a survey
as an examinee and an examiner. In ﬁrst year medical
students with 3 months prior experience with MOE and no
experience with DVO, examiner anatomy recognition
scores for 10 anatomical landmarks were signiﬁcantly
higher with DVO (mean=6.44, s=2.83) than MOE
(mean=3.15, s=2.13). Examinee comfort (mean=3.95, s= 1.12
v. mean= 3.43, s= 1.16) and examiner conﬁdence
(mean=3.82, s= 1.68 v. mean= 3.34, s= 0.88) were found to
have a statistically signiﬁcant increases with DVO
compared to MOE. The Examiner comfort scores trended
higher with DVO than MOE but this was not found to be
statistically signiﬁcant in this cohort.
Conclusion: A pilot study with 25 participants done by
fellow classmates in 2019 demonstrated a clear preference
for DVO. This survey study indicated that DVO was
preferred for anatomical recognition of the middle ear,
examinees comfort, examiner’s comfort, and for examiners’ conﬁdence. However, examiner comfort scores were
not signiﬁcant. In this cohort, DVO training was conducted
one hour before study intervention. MOE had been taught
3 months prior at the beginning of the semester. Proper and
timely training of DVO with MOE during the school year
may affect these results and increase student comfort and
conﬁdence with DVO. The low-cost options and accessible
nature of DVO makes it valuable for providers and patients
alike and we hope this can be incorporated in undergraduate medical education and clinical settings in the future.

References
1. Mousseau S, Lapointe A, Gravel J. Diagnosing acute otitis media
using a smartphone otoscope; a randomized controlled trial. Am J
Emerg Med. 2018;36(10):1796-1801. doi:10.1016/j.ajem.2018.01.
093
2. MU, Sohal M, Valdez TA, Grindle CR. iPhone otoscopes: Currently
available, but reliable for tele-otoscopy in the hands of parents?.

A25

Int J Pediatr Otorhinolaryngol. 2018;106:59-63. doi:10.1016/j.
ijporl.2018.01.003
3. Sahyouni R, Moshtaghi O, Rajaii R, et al. Evaluation of an iPhone
Otoscope in a Neurotrauma Clinic and as an Adjunct to Neurosurgical Education. Insights Neurosurg. 2016;1(1):4. doi:10.21767/
2471-9633.10004

Financial Disclosures: None reported.
Support: None reported.
Ethical Approval: The study was reviewed and approved
on 11/15/2019 by the ATSU-SOMA IRB via the expedited
review process. This process was allowed because the
research study met the criteria of minimal risk human
research and made minor changes to research previously
approved by the full board (pilot study done in 2019). The
IRB number 2019-198.
Informed Consent: Students were informed of the study
through the online facebook group shared with the class.
Students self selected if they wanted to participate and
were given a consent form to sign before instruction about
the study began. The consent form stated the risks and
beneﬁts of this study. Each participant was given a consent form and study members were available to answer
questions about the study. Questions answered were
mainly involving length of time the study would take. All
participants who came to the study signed the consent
form.
+

Poster No.: *B21
Abstract No.: 41
Category: Basic Science
Research Focus Area: Chronic Diseases & Conditions
AOA Grant Award: 19133749

Diet Significantly Influences
Physiological and Metabolic
Outcomes of a Mouse Model of
Cardiovascular Disease
1

Kayla Boley Corbett MS, OMS-IV; 2Claire Saunders;
2
Andrew Hiatt; 2Jeffrey Houghton; 2Joseph C. Gigliotti, PhD
1

Liberty University College of Osteopathic Medicine
(LUCOM); 2Department of Integrative Physiology and
Pharmacology, Liberty University College of Osteopathic
Medicine (LUCOM)
Context: Diet plays a signiﬁcant role in health and disease,
especially cardiovascular disease (CVD).1 Diets common in
developed nations are rich in “empty calories,” as the
intake of energy-yielding nutrients is high while the
average intake of several key nutrients is not sufﬁcient2. It
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is unclear how these nutritionally inadequate diets inﬂuence CVD and its associated risk factors because nutritionally inadequate diets are not available or readily used
in mechanistic, preclinical animal studies.3,4
Objective: To characterize the effect of different diets on
markers of kidney and liver health and metabolic
dysfunction in mice with chronic angiotensin II (AngII)
infusion, a preclinical model of heart and kidney disease.
Methods: Weanling male C57Bl/6 mice (N=24) were purchased from the Jackson Laboratory and given 1-week to
acclimate to a pelleted chow diet. Mice were then randomly
assigned (n=7-9) to receive a standard rodent chow (Teklad
#2018), a commercially available Western Diet (WD) (highfat and high-sugar, Teklad #TD.88137) or our novel American Diet (AD) ad libitum. After 20 weeks on their assigned
diet, all mice underwent a brief surgery to implant (subcutaneous) miniosmotic pumps delivering saline (vehicle
control, n=3 for each diet) or angiotensin II (AngII, n=5 for
each diet) at a dose of 700 ng/kg body weight per minute.
Body weight and blood pressure were recorded each week
during the infusion period. Mice remained on their
assigned diets throughout the 4-week perfusion study and
food intake was measured during the last week by housing
mice individually in metabolic cages. Mice were then
fasted for 5 hours and euthanized and serum collected for
the quantiﬁcation of circulating triglycerides, glucose,
cholesterol, and insulin using commercially available assays (Cayman Chemical). Kidney and liver tissues were
collected and processed for routine histology (hematoxylin
and eosin) and the quantiﬁcation of total tissue lipid content. Liver tissues were also processed to quantify the
expression of genes involved in hepatic steatosis using
commercially available PCR arrays (Qiagen). Data were
analyzed using General Linear Models procedures in SPSS
(IBM) and Tukey’s Post Hoc analysis with statistically signiﬁcant differences deﬁned as P<0.05.
Results: Diet signiﬁcantly inﬂuenced body weight (P<0.001),
with mice fed the WD being heavier (41 ± 1 grams) than mice
fed the AD (30 ± 1) and chow (27 ± 1). AngII was found to
signiﬁcantly reduce weight gain regardless of caloric intake
(P=0.008), with the magnitude of weight loss dependent
upon the diet that was fed (P=0.03). Diet signiﬁcantly inﬂuenced fasting circulating glucose (P=0.03), total cholesterol
(P<0.001), and circulating insulin (P=0.004), with mice fed
the WD having the highest fasting glucose (287 ± 26 mg/dL),
total cholesterol (232 ± 15 mg/dL), and insulin concentrations
(3 ± 0.5 ng/mL). AngII did not signiﬁcantly inﬂuence any of
the metabolic parameters measured. Mice fed the AD had the
greatest kidney weights (0.40 ± 0.01 grams, P=0.04) as
compared to mice fed chow (0.35 ± 0.01) but not WD
(0.37 ± 0.01). Kidney lipid vacuolization and increased

kidney lipid content was observed in mice fed the WD and
AD, with the AD-fed mice having the greatest evidence
despite having a signiﬁcantly lower body weight than mice
fed WD (P<0.001). Mice fed the WD had the greatest liver
weight (2.4 ± 0.2 grams) as compared to mice fed AD
(1.1 ± 0.2) and chow (1.0 ± 0.2). Hepatic steatosis and
increased liver lipid content was observed in mice fed WD
(P<0.001), with minimal change in mice fed AD and chow.
AngII did not signiﬁcantly inﬂuence either kidney (P=0.3) or
liver weights (P=0.9) or tissue lipid content (P=0.4). Mice fed
chow had a slower development of hypertension in response
to AngII as compared to mice fed WD or AD (P≤0.05 at week
2); however, the effect of AngII waned in mice fed AD and WD
during the 4th week. 46-genes related to hepatic lipid
metabolism and deposition were identiﬁed as having a
greater than 2-fold change in response to diet and/or AngII.
With validation, 10 genes were found to be signiﬁcantly
altered by diet while only 6 were signiﬁcantly altered by
AngII.
Conclusion: The ﬁndings of the current study highlight the
ability of diet to signiﬁcantly alter the outcomes of an animal model of CVD. A high calorie WD resulted in overt
metabolic dysfunction, while our novel AD (developed to
model “typical” American nutritional inadequacies)
developed an intermediate metabolic dysfunction as
compared to mice fed WD and chow. Interestingly, mice fed
the AD displayed a greater degree of lipid vacuolization
despite having a similar liver lipid content as mice fed
chow. This alteration in kidney structure could explain
why, despite a lower degree of metabolic dysfunction, the
mice fed AD had an increased susceptibility to hypertension in response to chronic AngII infusion as observed in
mice fed the WD. Additional studies are needed to conﬁrm
these ﬁndings in other models of CVD and determine the
physiological signiﬁcance of renal lipid vacuolization in
mice fed the AD.
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Context: Atherosclerosis has a common feature of calciﬁcation that can lead to restriction of blood ﬂow to organs
and tissues. Using animal models such as mice, we can
study the mechanisms of calciﬁcation in atherosclerosis as
a step toward prevention in humans. In animal models, we
typically measure vascular calciﬁcation using laborious
histological methods. In this study, we developed a microCT method to quantify calcium volume in the aortic roots
and arches in mice with atherosclerosis.
Objective: The purpose of this study was to evaluate
feasibility and compare ex-vivo calcium measurements
between the micro-CT and histological methods qualitatively and quantitatively.
Methods: To develop this novel technique, we used a
mouse model of increased atherosclerotic calciﬁcation.
This mouse model utilized overexpression of tissue
nonspeciﬁc alkaline phosphatase (TNAP) in macrophages,
which promotes vascular calciﬁcation. TNAP regulates
pyrophosphate levels, which inhibits mineralization.
Upregulation of TNAP leads to pathological calciﬁcation in

A27

animal models. Based on the osteopathic principle of the
interrelationship of structure and function, any disruption
in cardiac function affects not only related organ systems,
but also the body’s physiology overall. Establishing this
relationship may allow for future research on the efﬁcacy of
osteopathic techniques, such as myofascial release and
lymphatic pump for regulating circulation, on patients
with atherosclerosis. Using the micro-CT method, we can
visualize this calciﬁcation in an uncomplicated approach.
Micro-CT images of whole hearts and aortic arches were
collected at a 7.1-micron resolution using the SkyScan 1173.
Multiple Deep Learning models, implemented in Dragonﬂy
2020.1 (ORS), were trained on one sample for image segmentation. Standard histological analysis was performed
using stains such as H&E and alizarin red under microscopy to correlate ﬁndings with the micro-CT output.
Results: This section details the protocol developed.
Sample preparation: Hearts and aortic arches were
dissected from formalin-fixed mice. Hearts were perfused
and immersed in mineral oil. Up to three (3) whole hearts or
nine (9) aortic arches were assembled for scanning in a
4 mL standard cryogenic sample vial (Corning). Cotton and
parafilm were used as spacers between each sample.
Scanning conditions: SkyScan 1173 was used for microCT imaging. 0.5 mm custom aluminum filter was used. The
voltage was 60kV, current was 133μA, resolution was 2K,
and pixel size was 7.144293 μM. 1800 projections were
collected. The images were reconstructed via Bruker.
Image Reconstruction: Multiple preparations of the
heart and aortic roots can be scanned in a single overnight
experiment. We utilized the segmentation wizard feature in
Dragonfly 2020.1 (ORS) to select and train a Deep Learning
Model. Micro-CT images were classified into three regions
of interest: background, soft tissue, and calcification. The
range used was between -1000 to 1300 as it corresponds to
the Hounsfield units used in micro-CT. Then the images
were tested on various models of segmentation. It was
found that the Deep Learning model with U-Net5 architecture was most successful in the segmentation of soft
tissues and calcifications, while excluding micro-CT artifacts, such as rings and streaks. A subset of samples was
also processed by standard histological methods and
showed a positive correlation with micro-CT analysis. According to the micro-CT analysis, TNAP transgenic mice
had a 4-fold increase in calcification volume in the aortic
root compared to control mice.
Conclusion: Our micro-CT method is feasible and, in some
aspects, superior to the traditional histological analysis
because it is less time-consuming and less prone to artifacts. Moreover, our micro-CT approach is non-destructive
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thus permits analyses of tissue samples by multiple
analytical methods after the removal of mineral oil.
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Context: Studies suggest that cerebral corpora amylacea
(CCA) may function to scavenge cellular debris that are
then eliminated through the glymphatic system. Spinal
cord corpora amylacea (SCCA) have been previously

reported to contain tau and ubiquitin, suggesting that, as
in the cerebrum, SCCA function in eliminating waste.
The composition and location of SCCA has led us to
hypothesize that SCCA ‘waste containers’ would be
associated with lymphatic or vasculature structures for
elimination.
Objective: In this study, to further characterize CA, we
have compared diameters of CCA to diameters of SCCA and
CA in the sciatic nerve. We also investigated the association
of SCCA and CCA with vascular and lymphatic structures
within the cerebrum and spinal cord to provide support for
the hypothesis that CA function in the elimination of waste
products from the spinal cord.
Methods: Subjects: Spinal cord and sciatic nerve specimens were harvested from six female donors to the
WVSOM Human Gift Program, ages 81-95, and from the
medial temporal lobe of a female 83 yr. old donor. The
tissue was cryoprotected, snap-frozen in isopentane
cooled in liquid nitrogen, and stored at -80° until cryosectioned at 14 μM.
Analysis of CA distribution and size: Cryosections
were stained using an alcoholic PAS method to identify
CA. Digital images of spinal cord, sciatic nerve and hippocampus were acquired using a Leica Aperio system and
analyzed using ImagePro Plus software. Briefly, images
were first converted to 8-bit grayscale images and
thresholded to produce a binary image in which CA could
be counted and measured. Statistical comparisons between groups and were made using a two way ANOVA
(MiniTab 20).
Analysis of colocalization of laminin and lyve1 and
PAS inclusions: Cryosections were immunostained for
laminin and lyve1+using standard protocols. Brieﬂy,
sections were incubated in primary antibody (antilaminin or anti-lyve1) overnight at 40C. Sections were
then incubated in appropriate secondary antibody for
2hrs. Images were acquired under epiﬂuorescence using
the Leica Aperio system. After soaking in PBS to remove
coverslips and glycerol mount, sections were processed
for PAS-staining as described above to delineate CA.
The corresponding immunostained image was converted to an 8-bit image and thresholded to delineate
vascular or lymphatic elements. The PAS binary image
was then overlaid by its corresponding binary immunostained image and position of CA within the dorsal
column and horn of the spinal cord, or within a delineated region of the hippocampus or sciatic nerve,
characterized as either within or touching a vessel or
single. Statistical comparisons between groups and
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were made using a two way ANOVA and, when signiﬁcant (p<0.05), were examined pair-wise using post-hoc
comparisons (Minitab 20).
Results: CA average diameter and distribution: As in
previous studies, CA numbers were observed to be
enriched within spinal cord dorsal regions, although
inclusions could be identiﬁed in all regions of the spinal
cord. CA in the medial temporal lobe were limited mainly
to regions of the hippocampal cortex, the lateral ventricle
and dural covering. CA were identiﬁed within the sciatic
nerve, although their numbers were limited. The average
area of CA in the spinal cord (117.1 µm^2) was not statistically different from that observed for CA in the hippocampus (124.4 µm^2). However, the CA detected within
the sciatic nerve (151.2 µm^2) were statistically larger
than those in the spinal cord or cerebrum (ANOVA, LSD
post-hoc test).
Location of CA within vasculature and lymphatics:
Our analysis was limited to the dorsal spinal cord, as our
previous study had shown that this spinal cord region was
enriched in CA. Also studies of lymphatic drainage in the
spinal cord suggest that much of the drainage is into the
dorsal vessels. Because lyve1+ immunostaining did not
adequately delineate lymphatic vessels, but had a patchy
expression that appeared to parallel that of laminin, we
only used laminin immunostaining to characterize CA
position within the spinal cord and hippocampus. The
lymphatics of the spinal cord are not well described, but
studies suggest that lymphatic vessels are associated with
small blood vessels. Only 31% of CA identiﬁed in the
dorsal spinal cord were associated with laminin immunopositive structures; most were in the most peripheral
regions of the dorsal spinal cord. 32% of CA detected
within the hippocampus were associated with vessels.
There were no statistical differences CA/vessel distribution between the dorsal spinal cord and the hippocampus
(ANOVA).
Conclusion: The results of this study indicate that CA
within the spinal cord of aged individuals, identiﬁed as
PAS-positive inclusion bodies, are of a similar size to
corpora amylacea described in the cerebral hemispheres
of aged individuals. Their location within the spinal cord
periphery, most often associated with vascular/lymphatic
structures, and our previous observation of tau and
ubiquitin within the inclusions, suggest that, as in the
cerebrum, CA in the spinal cord function in eliminating
debris.

A29

References NA
Financial Disclosures: None reported.
Support: This project was funded by a WVSOM Intramural
Grant and by WVSOM Summer Student Research.
Ethical Approval: Exempt
Informed Consent: NA
Poster No.: *B24
Abstract No.: 52
Category: Basic Science
Research Focus Area: Chronic Diseases & Conditions
AOA Grant Award: #19133749

Investigating the Prophylactic and
Therapeutic Effect of IL233
Administration on Angiotensin
II-Induced Hypertension in 129SVEV
and C57BL/6 Mice
1

Spencer Neaville, OMS-III; 1Cerena Merchant; 1Alyssa
Kang; 2Victoria Louise Krause; 2Vikram Sabapathy; 2Rahul
Sharma; 3Joseph Gigliotti
1

Liberty University College of Osteopathic Medicine
(LUCOM); 2Department of Medicine, University of Virginia
School of Medicine; 3Department of Integrated Physiology
and Pharmacology, Liberty University College of Osteopathic Medicine (LUCOM)
Context: Hypertension (HTN) is a leading cause of disease
and death worldwide.1 While much of its etiology remains
unknown, the immune system is believed to play a key role
in the etiology of HTN and its progression to end organ
damage.2 The cytokines interleukin 2 (IL-2) and IL-33 synergistically decrease inﬂammation and organ damage in
animal models of human disease, and recently a hybrid
IL2-IL33 cytokine (IL233) was developed.3 Therefore, it is
plausible that IL233 may be a therapy to reduce HTN.
Objective: To determine if prophylactic or therapeutic
administration of IL233 may reduce the severity of
inﬂammation-induced end organ damage secondary to
AngII-induced hypertension in mice.
Methods: 8-week-old male C57Bl/6 mice were used due to
their routine usage as a preclinical mouse model with
AngII-HTN, while the 129SVEV (129) strain was chosen due
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to its increased susceptibility to cardiovascular and renal
injury. In the prophylactic experiment, 129 and C57BL/6
mice received 2ug IL233 (n=7 and 4, respectively) or saline
control (n=7 and 4) via intraperitoneal injection daily for
ﬁve consecutive days. Miniosmotic pumps delivering
800 ng/kg*min (n=16) were then implanted subcutaneously. Systolic blood pressure (SBP) was measured every
48-hours using a tail-cuff system. After 2-weeks, 129 mice
were placed in individual metabolic cages to measure food
and water consumption and collect urine for quantiﬁcation
of albuminuria using a commercially available ELISA. 129
mice were then euthanized, and kidney and splenic
leukocyte content was quantiﬁed by ﬂow cytometry (FC).
After 2-weeks of AngII infusion, 24-hour food intake and
body weight were recorded in C57BL/6 mice and renal
blood ﬂow (RBF) was then quantiﬁed using ultrasound. In
the therapeutic experiment, 129 mice were administered
AngII via subcutaneous osmotic pumps at a dose of
800 ng/kg per day. Once HTN developed (day 6), mice
received either IL233 (n=4) or saline control (n=3). Blood
pressure was recorded for 28 days after pump implantation
and mice were then housed individually in metabolic cages
to quantify ﬂuid balance and collect urine. Mice were then
euthanized, and kidney and spleen tissues were analyzed
by FC. All data were analyzed using General Linear Models
procedures in SPSS (IBM). Blood pressure was analyzed
using repeated measures analysis and P<0.05 was
considered statistically signiﬁcant.
Results: The 129 mice given prophylactic injections of
IL233 had greater 24-hour water intake (5.6 ± 1 mL) as
compared to mice administered saline (4.1 ± 0.7, P=0.04)
which caused increased urinary output in mice administered IL233 after receiving AngII (2.1 ± 0.7 vs 0.8 ± 0.2 mL,
P=0.009). However, prophylactic IL233 treatment did not
prevent AngII-induced hypertension in the 129 (133 ± 10 vs
146 ± 10 mmHg, saline and IL233 respectively, P=0.45) or
C57BL/6 mouse strains (120 ± 3 vs 119 ± 3, saline and IL233
respectively, P=0.75). Furthermore, there was no effect of
IL233 on body (P=0.26) or heart weights (P=0.25) or albuminuria (P=0.24). Flow cytometry analysis showed that
prophylactic IL233 treatment signiﬁcantly decreased tumor
necrosis factor alpha (TNFα) production by splenic CD4+
T-cells compared to saline vehicle (P=0.009) and there was
also a tendency (P=0.06) for decreased splenic Treg cells in
mice that received prophylactic injections of IL233, which
differs from an increase in Tregs and accompanied decline
in TNFα levels in all the other inﬂammatory disease
models. IL233-treated C57BL/6 mice had a numerical increase in RBF at both baseline and after saline administration, although neither reached statistical signiﬁcance
(P= 0.1 and 0.16, respectively). In the therapeutic group,

there was no overall difference in SBP between mice given
saline (132 ± 5 mmHg) or IL233 (137 ± 5 mmHg), although
IL233 treated mice had a heightened (P=0.049) reaction to
AngII SBP at week 3 (151 ± 15 mmHg) as compared to mice
receiving control injections (118 ± 22). After 4 weeks of
AngII infusion, there was no difference in water intake
(P=0.8) or urinary output (P=0.9) between saline and IL233
treated mice. Cytology testing from UVA showed no signiﬁcant differences between the groups regarding kidney
inﬂammation as well as splenic and circulating markers.
Conclusion: In male C57Bl/6 and 129 mice, we found that
IL233 did not prevent HTN or kidney injury in the in mice
with chronic AngII infusion. Prophylactic IL233 resulted
in greater urinary output in the 129 strain, implying that
IL233 may inﬂuence pressure diuresis. IL233 signiﬁcantly
reduced TNFα production by splenic CD4+ cells IL233 was
effective in modulating the immune system. However the
signiﬁcance of this ﬁnding in the context of HTN remains
unclear. Similarly, therapeutic IL233 injections had no
signiﬁcant protection against AngII-HTN in 129 mice. Our
data suggests that IL233 administered at a dose of 2ug per
day is not effective in reducing AngII-HTN in mice. Future
studies are needed to determine if higher doses of IL233
are needed, and if IL233 is effective in other animal
models of HTN. Although much of the effects and physiologic mechanism of IL233 remain to be discovered, this
novel cytokine continues to show promise as a future
therapeutic.
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Context: Pseudomonas aeruginosa is a bacterium associated with aggressive infections in immunocompromised
and hospitalized patients. ExoY is a type three secreted
virulence factor that possesses nucleotidyl cyclase activity.
The relationship between its structure and its enzymatic
function in host cells remains unclear as ExoY bundles
actin ﬁlaments independent of nucleotidyl cyclase activity.1 This study highlights our initial research to better
understand these two different activities in vitro.
Objective: This project analyzes whether the amino acid
structure—speciﬁcally ﬁve cysteine residues—alters the
structure and/or function of ExoY. If mutations of the
cysteine residues do not alter nucleotidyl cyclase activity
and lower aberrant disulﬁde bond formation in vitro,
mutagenized forms of the protein may be utilized for future
research. By understanding how ExoY elevates cGMP in
host cells, a potential gene therapy for diseases with low
guanylyl cyclase activity could be developed.
Methods: Site-directed mutagenesis of the ﬁve cysteine
residues to alanine was previously performed. Plasmids
included the exoY gene with one of ﬁve cysteine codons
mutagenized to an alanine codon; C100A, C205A, C279A,
C331A, or C345A. Plasmids with the mutagenized exoY
gene were transformed into E. coli BL21 for the expression
of recombinant protein. Overnight cultures were
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subcultured in LB medium with kanamycin and grown to
an OD600 of 0.4-0.6. Expression of ExoY was induced with
the addition of isopropyl β-D-1 thiogalactopyranoside
(IPTG). The culture was incubated at room temperature for
4 hours then centrifuged at 10,000 xg for 5 mins to collect
the cell pellet. B-PER (Bacterial Protein Extraction Reagent)
supplemented with protease inhibitors, lysozyme, DNase,
and RNase was added to the pellet to lyse the cells. The
supernatant was collected by centrifugation at 10,000 xg
for 10 minutes. Soluble material (supernatant) was
collected by ultracentrifugation at 100,000 xg for one hour.
Equal parts of 2x nickel resin binding buffer was added to
the supernatant and passaged through nickel resin. The
histidine-tagged ExoY proteins were eluted using 500mM
imidazole, concentrated and resolved by size-exclusion
chromatography. Protein concentration was determined
using SDS-PAGE densitometry. ExoY guanylyl cyclase activity was measured using the cGMP Parameter assay kit
(R&D Systems, Minneapolis, MN). Structural changes were
detected using limited proteolysis; Coomassie-stained
bands from the protease-digested mutagenized ExoY
were compared to the protease-digested wild type ExoY.
Results: As wild-type ExoY precipitates in solution without
a reducing agent, we examined the solubility of the ﬁve
cysteine mutagenized ExoY proteins. After puriﬁcation, the
mutagenized proteins were incubated at 4 °C in the presence or absence of a reducing agent. All proteins without
reducing agent precipitated within two weeks while all
remained soluble in the presence of reducing agent, suggesting that no single cysteine residue, when mutagenized
to alanine, abrogates aberrant disulﬁde formation. To
determine if a single cysteine residue contributed to ExoY
activity, cGMP production for each cysteine-mutagenized
protein was examined. Preliminary results suggest that
nucleotidyl cyclase activity among the mutagenized ExoY
proteins is comparable, all producing cGMP in the range of
1,500-2,500 pmoles. This suggests that no single cysteine
residue plays a role in cyclase activity in vitro. To examine
how each cysteine residue contributes to the structure of
ExoY, limited proteolysis was performed for each cysteine
mutation and the resulting proteolytic ﬁngerprint was
compared to the wild-type protein. The ExoY C100A and
C205A proteins have similar proteolytic ﬁngerprints when
compared to wild-type, suggesting that these cysteines
play no role in the overall structure of ExoY in vitro.
Structural and catalytic analysis of the mutagenized ExoY
proteins is ongoing.
Conclusion: Findings from this study contribute to our
communal understanding of P. aeruginosa pathogenesis
through the examination of the structural and enzymatic
activities of ExoY. Of the four type III secretion toxins secreted
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by P. aeruginosa, ExoY is the only effector that possesses
cysteine residues, forming aberrant disulﬁde bonds that
cause the recombinant protein to precipitate in solution.
Recent studies have also shown that ExoY has a preference
for guanosine 3′,5′-cyclic monophosphate (cGMP) production
over cAMP, making it a potential therapy for diseases with
dysregulated levels of cGMP like hypertension.2,3 Based on
ExoY’s crystal structure, no disulﬁde bridge forms between
any of the cysteine residues and cyclase activity in unchanged in the presence of reducing agents, suggesting that
these cysteines do not form disulﬁde bridges.4 Our results
conﬁrm that the cysteine residues within ExoY do not form
disulﬁde bridges or seem to be necessary for cyclase activity
in vitro. Although activity is unaffected by cysteine mutations, we examined how the C100A and C205A mutations
may affect the structure of the protein. We found that neither
of these cysteines play a structural role in vitro. If all ﬁve
cysteines can be replaced by the less reactive amino acid,
alanine, we speculate that ExoY can be produced recombinantly and be more stable in solution, allowing for downstream biochemical and pharmacological studies to be
performed. This analysis provides a preparatory foundation
for future working examining how ExoY alters the host cell
cytoskeleton independent of cyclase activity. From our work,
perhaps a novel therapeutic that targets disease states associated with low cGMP levels could be elucidated.
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Context: Doxorubicin (DOX) is an anticancer drug that
can cause heart failure.1 DOX cardiotoxicity has been
attributed to ROS production and genotoxicity, leading to
cell death.2 AMPK, a kinase, has been proposed to
modulate DOX-induced cardiotoxicity3, but the downstream mediators remain unclear. Connexin 43 (Cx43) is a
gap junction protein needed for heart function.4 Studies
have suggested the role of Cx43 in DOX cardiotoxicity, but
whether the response is through AMPK remains unclear.
Objective: To determine the role of AMPK in the regulation
of the Cx43 in response to DOX-induced cardiotoxicity.
Methods: H9c2 rat cardiomyocytes were seeded on 6-well
plates and cultured in DMEM with 6.5% fetal bovine serum.
To investigate the role of AMPK, the cells were transfected
with siRNAs targeting different AMPK isoforms using Lipofectamine RNAiMAX and Opti-MEM I reduced serum medium. After 48 hours of transfection, half of the wells
received 0.5 µM DOX treatment, and the other half received
equal amounts of saline. Protein samples were collected 16
hours later using the Cell lysis buffer. Western blot analysis
was performed to conﬁrm the knockdown of AMPK isoforms and determine the protein expression levels of Cx43.

Abstracts

Results: Our ﬁndings showed that siRNA transfections
effectively reduced the protein levels of AMPK isoform a1
and a2, respectively, as indicated by the Western blot
analysis. DOX treatment increased the expression levels
of the Cx43 in cardiomyocytes. Also, knockdown (KD) of
AMPKα1 isoform resulted in a similar increase in Cx43
expression levels as did DOX, but AMPKα2 KD did not
signiﬁcantly alter Cx43 levels, suggesting an AMPKa1
speciﬁc effect on Cx43 expression. Interestingly, AMPKα1
KD, together with DOX treatment, did not produce a
synergistic effect to increase Cx43 expression levels
further, suggesting the possibility that DOX might have
elevated the Cx43 expression through its effect on AMPK.
Conclusion: Our results conﬁrmed the previous studies
showing that treatment of the cardiomyocytes with DOX
increased the expression of Cx43. However, our investigations produced a novel ﬁnding that knocking down
AMPKα1 also increased the Cx43 but did not enhance the
effect of DOX on Cx43 expression, suggesting a role for
AMPK in the pathway that regulates the Cx43 to mediate
the DOX-induced cardiotoxicity. Our investigations also
showed an isoform-speciﬁc effect of AMPK on Cx43
expression since only α1 but not α2 KD increased Cx43
levels. Whether the increase in Cx43 is due to increased
gene expression or inhibited, protein degradation remains
to be determined. Further investigation is also warranted to
elucidate the roles of other AMPK subunits or isoforms in
regulating the Connexin 43 expression in the context of
doxorubicin cardiotoxicity.

References
1. Singal PK, Iliskovic N. Doxorubicin-induced Cardiomyopathy.
New England Journal of Medicine. 1998;339(13):900-905.
doi:10.1056/nejm199809243391307. https://doi.org/10.1056/
nejm199809243391307
2. Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ,
Moens AL. Doxorubicin-induced cardiomyopathy: from molecular
mechanisms to therapeutic strategies. J Mol Cell Cardiol.
2012;52(6):1213-1225. doi:10.1016/j.yjmcc.2012.03.006. https://
doi.org/10.1016/j.yjmcc.2012.03.006
3. Timm KN, Tyler DJ. The Role of AMPK Activation for Cardioprotection
in Doxorubicin-Induced Cardiotoxicity. Cardiovasc Drugs Ther.
2020;34(2):255-269. doi:10.1007/s10557-020-06941-x. https://
doi.org/10.1007/s10557-020-06941-x
4. Prakoura N, Kavvadas P, Chadjichristos CE. Connexin 43: a New
Therapeutic Target Against Chronic Kidney Disease. Cell Physiol

A33

Biochem. 2018;49(3):985. doi:10.1159/000493230. https://doi.
org/10.1159/000493230

Financial Disclosures: This study is supported by NIH
grant 1R15HL137130-01A1.
Support: None reported.
Ethical Approval: NA
Informed Consent: NA
Poster No.: *B28
Abstract No.: 64
Category: Basic Science
Research Focus Area: Chronic Diseases & Conditions
AOA Grant Award: #19133749

Determining the Physiological,
Immunological, and Metabolic
Consequences of Chronic
Angiotensin II Infusion in Mice
1

Pranav Reddy Bommineni, OMS-IV; 2Henry Miller; 2Jeffrey
Houghton; 2Joseph C. Gigliotti, PhD
1

Liberty University College of Osteopathic Medicine
(LUCOM); 2Department of Integrative Physiology and
Pharmacology, Liberty University College of Osteopathic
Medicine (LUCOM)
Context: Angiotensin II (AngII) is a pleiotropic hormone
best known for regulating ﬂuid balance and blood pressure.1 Recent work suggests that AngII also modulates the
immune system2,3 and metabolism4,5, however the details
of these interactions are unknown. Chronic AngII infusion
is a common mouse model of cardiovascular and kidney
injury, and it is plausible that alterations in the immune
response and energy utilization may also contribute to the
phenotype observed in this important animal model.
Objective: To determine the effect of chronic AngII infusion in mice (a popular preclinical animal model of cardiovascular and kidney injury) on systolic blood pressure
(SBP), renal health, and weight gain.
Methods: 8-week, male C57Bl/6 mice (N=20) were purchased from the Jackson Laboratory and given 14-days to
acclimate to the new environment and to collect baseline
SBP. Mice were then randomly assigned (n=5) to receive
0 (saline vehicle), 400, 800, or 1200 ng/kg*minute AngII
via miniosmotic pump implanted in a subcutaneous
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space in the rear ﬂank. Mouse SBP and body weights were
recorded each week during the 4-week infusion period.
During the 4th-week, mice were individually housed in
metabolic cages to collect urine and assess food intake.
Urinary albumin concentration (a marker of renal injury)
was quantiﬁed with a commercially available assay. Mice
were then euthanized, and tissues collected and processed for quantiﬁcation of inﬂammatory and metabolic
gene expression with RT-PCR. All data were analyzed
using General Linear Models Procedures in SPSS (IBM)
and Tukey Post Hoc test with a P<0.05 considered statistically signiﬁcant.
Results: AngII dose signiﬁcantly inﬂuenced SBP
(P=0.003), with the 800 (SBP=131 ± 4 mmHg) and 1200
(131 ± 4) mmHg doses demonstrating a dramatic increase in
as compared to the 400 (113 ± 4) and saline control (110 ± 5).
Urinary albumin excretion aligned with the SBP data
(P=0.003), with 1200 (696 ± 450 ug/mL) and 800
(600 ± 416) having greater 24-hour urinary albumin
excretion as compared to mice administered 400 (26 ± 9)
and 0 (12 ± 6). Quantiﬁcation of genes associated with
inﬂammation (Il1b, Il6, Ifng, Tfgb1, Stat3, Cd3e, Ccr2, Cd19,
Nfkb1) yielded minimal differences between the AngII
doses, while there were strong dose dependent effects on
the mRNA expression of key enzymes involved in vascular
remodeling (Acta2, P<0.001), oxidative stress (Nox4,
P=0.02), nitric oxide metabolism (Nos1, P<0.001), and
renal steroid hormone signaling (Hsd11b1, P=0.004).
Dosage of AngII also signiﬁcantly (P=0.014) inﬂuenced
weight gain over the 4-week study, with AngII dose
being inversely associated with weight gain despite
correction for caloric intake. Hepatic mRNA expression of
Hmgcl (a key ketogenic enzyme) was signiﬁcantly
(P=0.007) upregulated in the 1200 treatment group that
also had the lowest weight gain amongst the different
AngII treatments.
Conclusion: Our study conﬁrms the pressor response to
increasing doses of chronic AngII administration, with a
maximum SBP and albuminuria occurring with as little as
800 ng/kg*minute after 4 weeks. The mRNA expression of
leukocyte-speciﬁc markers and inﬂammatory mediators in
the kidney were not markedly inﬂuenced by AngII dose,
suggesting other molecular and physiological processes
(perhaps oxidative stress) play a greater role in the pressor
response to increasing doses of AngII. Higher doses of
AngII were associated with less weight gain over the
4-week infusion period, which could be mediated by
altered metabolic state (perhaps ketosis) in mice with
higher AngII infusion. Additional studies are needed to
validate these ﬁndings and highlight how AngII alters the

structure-function relationships of the kidneys, vasculature, and liver in preclinical animal models of human
disease.
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Context: It has been recognized as early as the 1800s that
the apex of the distal phalanx has a distinct embryological
development from the main shaft of the distal phalanx, but
most modern studies do not highlight this.1,2,3,4 The distal
phalanx shaft is endochondral, while the bony cap is
intramembranous.5 Our study reiterates and highlights
this, and names the apex “the bony cap” to distinguish it.
This knowledge can help DOs lead the way in regenerative
medicine for our patients and students.
Objective: To identify, name, and revive the existence of
the bony cap and postulate its role in human regenerative
medicine, our anatomical study reiterates and highlights
the special properties of the bony cap to distinguish it. We
describe and revive its presence, and we identify it in three
mammalian species: humans, cats and horses (Homo sapiens, Felis catus domestica, and Equus caballus). By
terming the bony cap, we hope to illuminate its distinct
identity and role in limb regeneration.
Methods: First, we conducted a literature review with
materials about the bony cap from the 1800s-present day.
Next, we used samples of three mammals to conduct our
own study of the bony cap: humans, domesticated cat, and
domesticated horse (Homo sapiens, Felis catus domestica,
Equus caballus).
The bony cap in human embryos was investigated from
specimens of the Carnegie Collection of the Walter Reed
Army Institute of Research – National Museum of Health
and Medicine. The specimens were studied under normal
light at 20X and 40XWe also Micro-CTd three cadaveric
human adult distal phalanx specimens from NYITCOM’s
anatomy lab. All histology was done with hematoxylin and
eosin stain.
The fifth digit on the left pes of an adult domesticated
cat (NS 292) was selected for figures and Micro-CT. We also
performed a Micro-CT of the bony cap from a fetal cat (body
length 30 mm; NS 294. purchased from Ward’s Biological
Supply.
We used three samples of three horse fetuses. The
whole-body length in millimeters was measured with
digital calipers from frontal bone to rump. A small horse
was Micro-CTd (NS 292; 210 mm whole body length). A
larger near-full term horse was sectioned with a saw. The
pes (NS 293; 762 mm whole body length) was stained with
iodine and Micro-CTAnother near-full term horse (NS 801;
750 mm whole body length) was sectioned longitudinally.
The other manus of the same specimen was sectioned
transversely near the proximal, middle and distal end.
The horse specimens were purchased from Ward’s Biological Supply.
The NYITCOM Micro-CT had the following parameters:
voltage: 45, current: 177, resolution: 2K, filter: 0.002mm
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Copper exposure: 1850, spot size: 6.4 Micro-CT ns, rotation
steps: 0.3, frames: 7, random movement: 20, 360-degree
scan. The Yale Micro-CT was used for the horse and the
adult cat. We used a 0.1 mm copper filter.
Results: The Human Fetus and Adult:
The bony cap can be distinguished from the endochondral
distal phalanx as early as 14 weeks of development. The
bony cap can be observed in longitudinal sections of the
digit.7
In our data, fingers show representative typical bony
caps that are best observed in a 22 mm embryo (stage 22).
The apical cap is enlarged on the distal ventral side as it is
in the adult.
In the adult skeleton, the bony cap is demarcated by
the rough apex. Interosseous ligaments connect the
middle phalanx to the bony cap of the distal phalanx.
These ligaments create two tunnels between the ligaments
themselves and the distal phalanx. The arteries pass
through these tunnels, contributing to the large vascular
bundle that supplies the nail bed and passes ventrally.
The Fetal and Adult Domestic Cat
The Micro-CT imaging of the 30 mm cat embryo displays ossified bony caps on all developing digits. The bony
cap has an elongated crescent shape with a distinct pointed
distal end and a hollow center. It is situated ventral to the
keratinous claw. and it is hollow. This is because the distal
phalanx does not insert into it as it does in other species.
The Fetal and Adult Horse
The Micro-CT imaging of specimen NS 294 shows the distalmost part of the bony cap as having five tubes lined up next
to each other.8 These ﬁgures distinguish that the bony cap
at this stage is entirely independent of the distal phalanx
proper.
The mid-sagittal section of front left hoof of a near full
term fetal horse (762 mm) (NS 293) displays a white line that
outlines the distal phalanx where the keratin comprising
the hoof originates. We suspect that this white outline is the
bony cap.
The distal phalanx of the adult horse has two types of
surfaces: a rough one that binds to the keratinous hoof and
a smooth one proximal to the rough that is free of keratin
covers. We postulate that the rough portion is the bony cap.
Four foramina are visible on the proximal side.
Conclusion: The bony cap is a distinct unit of intramembranous origin found at the apex of the distal phalanx.
It has an inductive role in bone regeneration and keratin
development. It has been described in the literature;
however, its embryological and anatomical signiﬁcance
has been overlooked. The ossiﬁcation of the bony cap
precedes that of the endochondral part of the distal phalanx. The bony cap as an intramembranous structure is an
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independent entity from the endochondral distal phalanx
during early development. The two will fuse into a single
bone in adulthood. This is a similar pattern to the development of the clavicle, innominates, and scapula. In
adulthood, it appears as a thin, rough layer of bone surrounding the tip of the cartilaginous distal phalanx.
In all three species, the bony cap is a thin veneer. In
humans and horses, it covers and extends to the middle of
the distal phalanx. In the cat, the bony cap lies adjacent to
the distal phalanx but not cover the distal phalanx due to
the specialization of the claw(8). In humans, cats, and
horses it is associated with keratin and acts as the interface
between the distal phalanx and the keratinized surface of
the nail, claw, or hoof.9 This interface occurs at the apex of
the distal phalanx no matter the number of the phalanges.
Bone regeneration has been studied in higher vertebrates and it has been reported that the distal-most aspect
of the distal phalanx has an inductive role in bone
regrowth.5 In other literature, it has been said that the nail
organ is responsible for bone growth.10 The location of the
bony cap correlates with the ﬁndings in these studies and
could be the organ responsible for bone growth. This could
be the key discovery in understanding how to apply
regenerative medicine in human limb regrowth.
The recognition of the bony cap with a unique name and
its existence in three species reinvigorates its identity and
illuminates a promising link with regenerative biology.5,6,10
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Context: Rheumatoid arthritis (RA) is a chronic inﬂammatory disease caused by self-reactive lymphocytes,
eventually destroying joints. To study this disease and
potential treatments, the adjuvant-induced arthritis (AIA)
rat model can be used. In RA, there is a collapse of
appropriate lymphatic drainage1,2 and an increase in inﬂammatory cytokines in the lymph nodes.3 The osteopathic
treatment, Lymphatic pump treatment (LPT), has the potential to increase lymphatic circulation and decrease
inﬂammation.4
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Objective: For this study, we tested the hypothesis that LPT
would prevent the collapse of lymphatic drainage and promote lymphatic vessel growth in a rat model of arthritis.
Furthermore, we hypothesized that this increased lymphatic
movement from LPT would allow for the systemic distribution of pro-inﬂammatory cytokines to alleviate local
inﬂammation at the inﬂamed joint.
Methods: Experimental rats were immunized with Complete Freund’s adjuvant on day zero. Control rats for this
study were non-immunized and non-arthritic. After the
onset of adjuvant-induced arthritis, rats received either
LPT or sham treatment three times a day for six days. On
day 21, the draining popliteal lymph nodes (PLN) were
harvested and analyzed for cytokine levels (IL-1β, IL-4,
IL-6, IL-17, IFN-γ, TNF-α, VEGF-C) or VEGFR-3 by quantitative RT-PCR. Additionally, immunohistochemistry (IHC)
was used to visualize VEGF-C and VEGFR-3 expression in
the PLNs. The experiment used thirty-six rats total and all
experiments were statistically analyzed initially by a oneway analysis of variance followed by a Tukey post-hoc test
to determine if signiﬁcant differences were identiﬁed
among the groups.
Results: Injected rats successfully developed arthritis as
shown through a statistically signiﬁcant increase in ankle
circumference and articular index score (AIS). The LPT
group showed a slight decrease in ankle circumference and
AIS. No statistical differences were seen among the cytokines analyzed in the draining PLNs when comparing the
LPT and sham-treated groups. IHC showed an increase in
VEGF-C and VEGFR-3 expression in injected animals
compared to non-injected animals, with the PLNs from the
LPT group having the highest expression area of VEGF-C
and the lowest expression area of VEGFR-3 within the
injected treatment groups.
Conclusion: The injected LPT group showed a slight
reduction in ankle circumference and AIS, suggesting
that LPT helped alleviate edema and inﬂammation. While
the cytokines analyzed showed no difference between
arthritic treatment groups, it is possible that other cytokines may have been impacted, which can be analyzed in
future studies. Additionally, in the PLN, LPT trended towards elevated levels of VEGF-C, an important lymphatic
vessel growth factor. Taken together, the data suggest
LPT may alleviate inﬂammation in rats through the
elevation of a lymphatic growth factor. Through these
results, we have better insight into the effectiveness of
LPT in treating chronic inﬂammatory diseases such as RA
with the hopes of applying these techniques to improve
patient care.
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Context: Marfan syndrome is a connective tissue disorder
caused by mutations in the ﬁbrillin-1 gene.1,2 This mutation
results in a variety of phenotypic changes in the musculoskeletal, cardiovascular, and pulmonary systems, with a
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notable vascular effect leading to aortic aneurysm,
dissection, and rupture2,3 increasing morbidity and mortality. Prior studies have shown the protective effect Losartan on the aorta4 however there is limited investigation
surrounding its effect on smaller vessels.
Objective: Prior studies have demonstrated the protective
effects of Losartan, an angiotensin II type I receptor (AT1R)
blocker, blocker, on slowing the progression of aortic root
aneurysm in the well-established mouse model of Marfan
Syndrome (Fbn1 +/- p. Cys1041Gly)4. In this study, we are
further investigating the impact of Marfan Syndrome (MFS)
pathogenesis and Losartan treatment on smaller vessels
such as the posterior cerebral artery and coronary arteries.
Methods: Mice (male + female) were divided into experimental groups based on genotype and treatment plan:
Control, MFS, MFS + 0.6g/L losartan. Drug therapy consisted of 0.6g/L of losartan in drinking water that was
replenished three times a week. Water intakes were recorded
to ensure the consistency of treatment across experimental
groups. At 7 months of age, in vivo ultrasound imaging was
performed to measure aortic root diameters, aortic pulse
wave velocity (PWV), and peak blood ﬂow of the coronary
and posterior cerebral arteries5,6,7. In order to assess
medial elastin fragmentation in the aortic wall, 5 μM aortic
cross-sections were subjected to Verhoeff-Van Gieson (VVG)
staining. Blood pressure (BP) measurements were also obtained, using the tail-cuff method. All image analyses were
conducted by a single observer blinded to animal genotypes. Comparisons of parameters among treatment groups
were made using one-way analysis of variance (one-way
ANOVA) followed by Tukey’s multiple-comparison test.
Comparisons of parameters between two groups were made
by two-tailed Student’s t-test, where a p value of p<0.05 is
considered to be statistically signiﬁcant. While this study
does not directly involve OMT, delaying the progression of
vascular dysfunction and aortic aneurysm can improve the
quality of life for these patients, providing a much-needed
timeframe for other interventions, and allowing for a larger
variety of osteopathic manipulations to reduce chronic pain
in this vulnerable patient population.
Results: The aortic root diameter at the sinus of valsava
was increased in MFS mice (2.040 ± 0.044, P=<0.0001) in
comparison to CTRL mice (1.644 ± 0.032) and MFS mice
treated with Losartan demonstrated a signiﬁcant decrease
in the aortic root diameter (1.611 ± 0.017, P=<0.0001).
The pulse wave velocity was increased in MFS mice
(5.805 ± 0.775, P=<0.0001) when compared to CTRL
(1.023 ± 0.0464) and treatment with Losartan in MFS
mice signiﬁcantly decreased the pulse wave velocity
(1.009 ± 0.0284, P=<0.0001) indicating improvement in
aortic stiffness. The number of aortic elastin fragments was

increased in MFS mice (66.50 ± 4.97) vs. CTRL mice
(41.12 ± 3.82, P=0.0015) and Losartan signiﬁcantly reduced
elastin fragmentation in MFS mice (32.58 ± 1.09) as
compared to non-treated MFS (66.50 ± 4.97, P=<0.0001).
Elastin fragment length was decreased in MFS mice
(127.3 ± 12.16) vs. control mice (243.3 ± 13.59, P=0.0011) and
Losartan signiﬁcantly increased elastin fragment length in
MFS mice (413.4 ± 16.42) as compared to non-treated MFS
mice (127.3 ± 12.16, P=<0.0001). These ﬁndings of
decreased number of elastin fragments and increased
elastin fragment length, demonstrate improvement in
aortic wall structural integrity with Losartan treatment. The
systolic coronary peak ﬂow demonstrates a statistically
signiﬁcant decrease in MFS mice (146.8 ± 22.31) when
compared to CTRL (304.5 ± 37.74, P=0.005), however we do
not see a statistically signiﬁcant difference in MFS mice
treated with Losartan (96.67 ± 12.61, P=0.41). There is no
statistical signiﬁcance in diastolic coronary peak ﬂow between CTRL vs. MFS and MFS vs. MFS + Losartan. There is
no statistical signiﬁcance in comparison of the posterior
cerebral artery peak ﬂow between CTRL to MFS and MFS to
MFS + Losartan. There is also no statistical signiﬁcance in
the systolic and diastolic BP between the groups.
Conclusion: Our results show that Losartan has beneﬁcial
effects in delaying the progression of aortic aneurysm, reduces vessel wall stiffness, and reduces elastin fragmentation in the aortic root. These ﬁndings may allow for
improvement in the quality of life for Marfan syndrome
patients and also open up possibilities for interventions
using OMT to treat the musculoskeletal phenotypic
changes and chronic pain seen in this patient population.
This study also provides an early insight into the disease
progression of MFS in the less investigated coronary and
cerebral arteries, as well as investigates the preliminary
potential effects of Losartan on peak ﬂow in coronary and
cerebral vessels in the well-established MFS mouse model.
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Context: Time is the biggest threat to a successful organ
transplantation. Current storage and transport methods
reduce the likelihood of post-transplant function, as organs are susceptible to cellular edema, ischemic damage,
and oxidative damage. Recent preservation solutions
attempt to prevent this organ damage but fail to support
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metabolic processes and oxygen delivery.2 Novel preservation solutions must deliver oxygen effectively to mitigate
these harmful shortcomings.
Objective: To improve organ preservation by maximizing
oxygen delivery via OxyVita’s hemoglobin-based oxygen
carrier to support aerobic metabolism. We are focused on
optimizing the parameters of the organ preservation solution by adding sucrose and trehalose along with various
loading methods for these sugars and examining their interactions with hemoglobin. Ultimately, this solution will
be used with the OxyVita Organ Storage Device: a perfusion
device that supports the organ with pulsatile ﬂow.
Methods: The hemoglobin concentration of the initial
samples of teramer or polymer was measured at absorbances of 538 nm and 680 nm using a Hewlett - Packard
Agilent 8453 Spectrophotometer and then analyzed with
ChemStation software. Based on the initial Hb concentration, samples were then diluted using phosphate buffer
and Ringers solution to achieve both 1.5% and 3.0% Hb
concentration solutions. All 1.5% Hb and 3.0% Hb solutions were prepared to have a total volume of 10ml, and
then designated to either the Loading Protocol or the NonLoading Protocol for the uptake of the sugars. In order to
test whether the order of addition of the sugars affected
oxygen saturation, two sets of samples were produced. The
ﬁrst set involved adding the sugar to the tetramer or
polymer, followed by the buffer. The second set involved
adding the sugar to the buffer, followed by the tetramer or
polymer according to the Loading protocol. The Loading
Protocol entailed placing the solutions on hot plate stirrers
in a water bath at the constant temperature of 37 °C while
being stirred using stirring rods. For this method, half the
sugar was added to the solution at time 0, and the other half
was introduced into the solution at time 30 minutes. The
solutions were removed from the hot plate stirrers after
60 minutes. The Non-Loading Protocol consisted of placing
the solutions on The Belly Dancer Shakers for 5 minutes after
the addition of the sugars. Once solutions completed their
loading/non-loading method, solutions were analyzed using the Spectrophotometer protocol mentioned above. Ratios to analyze oxygen saturation for hemoglobin were
measured at absorbances of 576 and 542 nm.
Results: The initial results show the sample sets that followed the loading protocol had signiﬁcant increases in
their hemoglobin oxygen saturation in comparison with
the samples that followed the non-loading protocol. Oxygen saturation of hemoglobin reached as high as a 3.7%
increase for the solutions that followed the loading protocol. These results suggest that increased interaction time
between the sugar and the hemoglobin during the loading
method lead to an increased oxygen saturation of
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hemoglobin. Evidence of this can also be observed since
the solutions that added the sugars after the hemoglobin
and buffer solution were mixed generated hemoglobin
with increased oxygen saturation compared to those solutions in which the polymer/tetramer were added after the
completion of the loading method and sugar addition.
Regarding the concentrations of the sugars, the 5.2 mg/ml
of trehalose solution produced an average of a 14.23% increase in the 1.5% hemoglobin solution and an average of a
7.67% increase in the 3.0% hemoglobin solution in comparison to the .52mg/ml trehalose solutions. It was also
observed that 12.75mg/ml of sucrose solution produced the
greatest oxygen saturation in comparison to solutions
produced with various decrements of sucrose concentrations. These results indicate that the optimal preservation
solution contains 12.75 mg/ml sucrose, and 5.2 mg/ml
trehalose.
Conclusion: Our current data suggests that the optimal
preservation solution with 12.75mg/ml sucrose and 5.2mg/
ml trehalose would provide organs with the most efﬁcient
delivery of oxygen. These sugars would be added to the
diluted tetramer/polymer while using a loading process
where the sugar is added in half quantities at time zero and
time 30 minutes. According to our results, the indicated
protocol for the preservation solution would optimize the
oxygen delivery of OxyVitaHb for its use in the Organ
Storage Box. Future work will aim towards improving the
functions of the Organ Storage Box, which is a critical
component of this research project, including controls for
measuring ﬂow rate and oxygen delivery to maintain
maximized oxygen carrying capacity of the preservation
solution. Another area of future research includes analysis
of organ tissue after storage in order to determine areas of
tissue injury and organs’ viability prior to transplantation.
Only through delivery of the oxygen into microcirculation
via the organ storage solution and perfusing the organ via
the Organ Storage Box, metabolism can be maintained and
stable organ conditions can be achieved, leading to a
higher possibility of survival of the transplanted organ’s
tissue.
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Context: As medical schools around the country are
moving towards a student-centered curriculum, students
must have access to information about resources that have
had high success rates.2 Medical educators can utilize this
data to provide high-quality resources to students to
improve medical education. Also, Understanding the reasons for student choices can give insight into how medical
students are inﬂuenced and could eventually help guide
administrators.3
Objective: To determine what medical education
learning resources correlate to academic success during
preclinical medical school years. Secondary objectives
sought which factors inﬂuence students to select speciﬁc
resources.
Methods: A voluntary, conﬁdential survey was employed
to gather information on various learning resources and
how their use correlates with a student’s academic performance. The participants recorded how often they used a
speciﬁc learning resource, reasons behind their selections,
and board score ranges. They also recorded whether they
preferred longer, comprehensive lectures or shorter,
focused lectures. The survey was distributed via email to
third and fourth-year medical students at the NYITCOM
campuses in Old Westbury and Arkansas and recorded 124
responses.
The median was used to calculate central tendencies of
the amount each resource was used and the reasons for
selecting resources because they were collected as ordinal
data. The correlation of resource usage to exam scores was
calculated with a Spearman’s Rho test also because we
collected ordinal data.
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These results are significant to the osteopathic profession because they may be used to enhance osteopathic
medical education. Students can benefit by having more
informed choices in selecting their medical education resources and medical educators can benefit by offering
strong resources to their students.
Results: The most commonly used resources were lecture
PowerPoints, First Aid, Anki, and visual mnemonics, all
with a median use of “more than once a week”. Comprehensive textbooks were used with a median of “less than
once a week”. The most important reasons for using a
resource were: easy to understand, convenient, reliable,
ﬁtting my learning style, and “high yield”, with a median of
“very important”. The least important reason was to be
recommended by faculty with a median of “slightly
important”. United States Medical Licensing Examination
(USMLE) Step 1 score was positively correlated with using
Anki every (Kruskal-Wallis 10.123, p<.05), and negatively
correlated with lecture powerpoints (-.327, p<.01). We
found no signiﬁcant correlates with the Comprehensive
Osteopathic Medical Licensing Examination (COMLEX)
Level 1 or COMLEX Level 2.
Conclusion: Students found faculty resource recommendations to be “slightly important.” Some students commented that they were more tailored to faculty lectures
than board exams. This result agrees with previous data
that recommendations of faculty are deemed less important for resource selection. If educators want to encourage
the use of certain resources, it may be more beneﬁcial to
increase access to certain successful resources, rather than
simply recommending them.
Using Anki everyday correlated to higher USMLE Step 1
scores. Anki uses spaced interval training strategies that
are well supported in educational literature.4 Additionally,
more frequent use of lecture PowerPoints correlated with
lower USMLE Step 1 scores. Future studies are required to
explain whether this correlation is due to the style of
learning or differences in the material covered compared
with material tested on the board exams.
Common to many survey studies, some inherent limitations include dishonest answers, unanswered questions,
and differences in understanding and interpretation of
survey questions. Also, for the simplicity of the survey, we
chose to ask about the frequency of resource usage, which
may not reflect the actual amount of time that students
spent using them. There was a lack of significant data on
the less used resources, so greater participation may be
required for these resources. Also, because the study was
voluntary, the sample of students may not be representative of the entire student population. While this study aims
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to assess academic success by using board scores, overall
success as a future physician is not solely determined by
board scores, but rather a wide variety of factors. It is hoped
that research like this can offer students and administrators insight into the effectiveness of various medical education resources.
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Context: After initial infection, Epstein-Barr virus (EBV)
transitions into a latent state in B lymphocytes. Our lab
investigates the effect of Latent Membrane Protein 2A
(LMP2A), an EBV encoded transmembrane protein, on
signaling in B cells, especially B cells containing the 8;14
chromosomal translocation seen in Burkitt’s Lymphoma.
This pro-survival translocation causes overexpression of
Myc, a gene that promotes tumor progression.
Objective: In order to ascertain if blocking LMP2Adependent signaling would impact tumor survival and
development in vivo, we initiated experiments that crossed
transgenic mice to generate mice that overexpress both
LMP2A and MYC in B lymphocytes. We hypothesized that
the effects of LMP2A on survival that we saw in human
B cell Burkitt’s lymphoma cells would be paralleled in a
transgenic mice model.
Methods: We crossed LMP2A transgenic (-Tg) mice with
λ-MYC-Tg mice that contain the human MYC gene behind
the lambda promoter, so that MYC will be constitutively
expressed in B cells.2 After assessing mice for tumor formation, the mice from each genetic strain were euthanized,
and their tumors were collected. We obtained protein isolates from tumors and assessed phosphorylated BTK as
well as phosphorylated STAT3 levels by Western blot
analysis.
Results: Kaplan-Meijer curves indicated that LMP2A/
λ-MYC transgenic mice demonstrated an accelerated onset
in tumor development, as demonstrated previously.2 In
contrast to our ﬁndings in human Burkitt’s lymphoma
B cells, the tumor cells from LMP2A/λ-MYC transgenic mice
did not demonstrate an increase in phosphorylation in
either BTK or STAT3 by Western blot analysis.
Conclusion: In the LMP2A/λ-MYC tumor model, LMP2A
does not activate BTK and/or STAT3, suggesting that the
LMP2A/λ-MYC tumor model does not recapitulate the effects of LMP2A seen in human B cells.
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Context: Osteopathic physicians should be educated on
the differences between non-emergent and emergent
dermatological conditions so they can continue to provide
efﬁcient, quality patient care, regardless of their specialty.
Only 40% of Osteopathic medical schools have a sole
dermatology course offered during their pre-clerkship education. This is the ﬁrst study to investigate the importance
of dermatology education in the Osteopathic pre-clerkship
curriculum from medical students’ perspectives.
Objective: We hypothesize that student’s perception of the
importance of dermatology education would highlight the
need for a single dermatology course during the Osteopathic pre-clerkship curriculum to develop well-rounded
Osteopathic physicians.1 This study’s speciﬁc aim and
overall purpose are to identify the importance of dermatology education relative to other systems courses in the
Osteopathic pre-clerkship curriculum from medical students’ perspectives.
Methods: A cross-sectional study was conducted at
Michigan State University College of Osteopathic Medicine
(MSUCOM) during the months of June and July of 2021.
Medical students from every class (2022-2025) were emailed
an invitation to volunteer to participate in the study. Google Forms was utilized as a platform to retrieve answers
from participants. The study was completely voluntary and
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included an anonymous survey of 19 multiple-choice
questions. Participants were made aware that their responses were anonymous and had no impact on their academic performance. MSU IRB approval: STUDY00006234.
No personal identifying information was collected, and
participation was strictly voluntary. Data was collected
from the survey via a 5-point question scale (e.g., “1”
resembling lower/lowest importance while “5” resembles
greater/greatest importance). The results were analyzed
via statistical tests (Pearson’s Chi-square or Fisher’s exact
test). These tests were performed with GraphPad Prism 5.0
(GraphPad Software, San Diego, CA). This study presents
negligible risks to the participants. As the human body is a
functional unit, the absence of in-depth dermatological
understanding can pose consequences for future Osteopathic physicians when treating patients, potentially
resulting in physical, mental, and spiritual harm.2 Only
40% of Osteopathic medical schools have a sole dermatology course during pre-clerkship education.3 Dermatology education is extremely limited in both pre-clerkship
and clerkship training, with only a small percentage of
institutions offering required dermatology courses and
rotations.4 This poses a concerning lack regarding dermatology education, as the integumentary system is the
largest organ of the body and can suggest underlying
medical conditions of other organ systems.1,5
Results: A sample of 191 MSUCOM students (n=191) have
completed the survey. 63 (33%) were ﬁrst-years (OMS-I) of
the Class of 2025, 41 (21.5%) were OMS-II of the Class of
2024, 44 (23%) were OMS-III of the Class of 2023, and 43
(22.5%) were OMS-IV of the Class of 2022. Compared to
other pre-clerkship course subjects such as neurology,
endocrinology, and gastroenterology, 104 (54.5%), 110
(57.6%), and 112 (58.6%) MSUCOM students, respectively,
rated dermatology of equal importance (i.e., 3/5). However,
when asked about the value of having a sole dermatology
course in pre-clerkship Osteopathic curriculum, 107 (56%)
MSUCOM students responded with "highly valuable"
(i.e., 5/5).
Chi-square test demonstrated no difference (P>0.05)
between the proportion of the students’ rate for the
importance of dermatology only vs. derm and the other
course systems.
Conclusion: There is a questionable absence of dedicated
dermatology education in the Osteopathic pre-clerkship
curriculum in the United States. This is the ﬁrst study
investigating the importance of dermatology education
relative to other systems courses in the Osteopathic preclerkship curriculum from medical students’ perspectives.
Our results demonstrate that dermatology education is
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valued by over 50% of the students with equal importance
to the other course systems, which suggests implementation of a dedicated integumentary course in pre-clerkship
curriculum would be well-received. The results gathered
from our study support our hypothesis that medical students view dermatology as crucial towards their Osteopathic medical education so that they would be better
trained to offer quality patient care as practicing physicians.Though we are limited to just MSUCOM medical
students, our study is a foundational launching point to
bring attention to the hole in our training that could
negatively impact patients with undiagnosed/misdiagnosed dermatological conditions. As future Osteopathic physicians, we must practice the Osteopathic
tenants and ensure that we are treating the patient as a
whole.5 We hope this study encourages the implementation of dedicated dermatology education for all medical
student’s training. Further studies can be done to further
generalize to the overall Osteopathic medical community
as a whole.
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Context: Hormonal changes induced by stress cultivates a
habitat that promotes pathogen growth in the vagina. As a
result, infections can occur, which causes psychological
stress leading to a vicious cycle of illness.1 Chronic vaginal
infections impact physical and mental health and may also
impact fertility. As some female medical students intend on
bearing children, a combination of long-term stress from
academic demands and chronic vaginal infections may
pose barriers.
Objective: To examine the relationship between perceived
stress among female medical students and its impact on
vaginal health.
Methods: An anonymous, voluntary online survey was
administered to cis females that are currently enrolled in
medical school in the United States, who are not pregnant,
and are over the age of 18. An invitation to participate was
posted on Rachel Southard’s YouTube platform which
reaches an estimate of 10,000 female medical students in
the United States. The exclusion criteria include currently
breastfeeding, currently pregnant, non-United States
medical students, and individuals under the age of 18. Of
those who met the criteria and volunteered to participate,
1,057 women participated between 09/25/2020 and 10/25/
2020. The twenty-eight, multiple choice question survey
addressed exercise, diet, sexual practices, use of contraceptives, stress perception, and stress-coping methods
over the previous 6 months. Data were analyzed through
partial correlation and multiple regression analysis. The
software, IBM SPSS Statistics V25 was used for analysis. As
health is multidimensional, it is important to examine both
internal and external factors that impact the body’s selfregulating ability.
Results: A total of 1029 participants were included in the
ﬁnal analysis (response rate: 9.72%). Partial correlation
analysis revealed that vaginal health was correlated with
sexual activities (r=-0.056, p =0.037), use of sex toys
(r=-0.089, p=0.002), having more than one sexual partner

(r=-0.127), p<0.001), systemic antibiotic use (r=-0.200,
p<0.001), hormonal contraceptive use (r=-0.109, p<0.001),
and perceived stress (r=0.112, p<0.001). Multiple regression
analysis found that vaginal health was predicted by the full
model (adjusted R2=0.069, p< 0.001), with stress (β=0.128,
p<0.001), having more than one sexual partner (β=-0.066,
p=0.040), systemic antibiotic use (β=-0.163, p<0.001), and
oral sex (β=-0.097, p=0.007) emerging as unique predictors of vaginal health.
Conclusion: There are many factors that inﬂuence vaginal
health; however, perceived stress is an important element
that is often neglected. While perceptions of vaginal health
can be signiﬁcantly predicted by the variables measured,
only 6.9% of vaginal health can be predicted from this
sample. Nonetheless, there are variables that contribute
uniquely to perceptions of vaginal health. These include
having multiple sexual partners, systemic antibiotic use,
oral sex practices, and perceived stress.
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Context: Emerging mechanistic data suggests that stimulation to spinal mechanoreceptors may be effective in the
treatment of opioid and ethanol-use disorders by modulating brain regions involved in chronic drug exposure.1 2 3
These modulations include robust changes in the mesolimbic circuitry.4 5 These data underlie the import of
evaluating potential effects of osteopathic manual
manipulation on the mesolimbic circuitry.
Objective: Frequency speciﬁc tissue displacement, as a
reproducible analogue to cervical spine OMM (termed
‘OMMa’), in rodents has been used to modify neuronal
GABA activity in the ventral segmental area (VTA) and
dopamine (DA) release in the nucleus accumbens (NAc).4,5
To determine whether OMMa to the cervical spine can
ameliorate the effects of ethanol-induced changes to VTA
GABA neurons, DA release in the NAc and behavioral
measures of withdrawal in rats.
Methods: In this mechanistic original research we
randomly assigned Wistar rats to one of four groups, saline
no OMMa, saline OMMa, ethanol no OMMa and ethanol
OMMa. Groups were given isovolumetric injections of
ethanol (2.5 mg/kg; IP) or saline and either given OMMa or
sham. OMMa was administered by a surgically implanted
mechanical stimulation device adjacent to the right C3-7
laminae. Intervention was given immediately following
injection 2x/day for 7 days to induce dependence. 24-hours
post ﬁnal injection, during withdrawal, behavioral assays
were performed. Dopamine release and GABA neuron
ﬁring was measured during withdrawal following a reinstatement dose of ethanol (2.5mg/kg; IP) with microdialysis and single unit electrophysiology respectively.
Data were analyzed using ANOVA followed by Tukey post
hoc analyses. The purpose of this study was to determine a
mechanistic rationale for potential human testing of OMM
in the treatment of alcohol use disorder.
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Results: We show that when OMMa is administered
concurrently with alcohol, it alters alcohol-induced
desensitization of VTA GABA neuron ﬁring rate in
response to a reinstatement dose of ethanol (2.5mg/kg;IP)
from 117.5 % of baseline to 32.3 %. Dopamine release in the
NAc at 20 min post-injection was changed from 95.4% of
baseline to 144.4 % and at 80 min from 104.1% to 138.2%.
Further, behavioral indices of withdrawal (rearing, openﬁeld crosses, tail stiffness, gait and elevated-plus times)
were substantively ameliorated with concurrent OMMa
treatment.
Conclusion: These data suggest a possible role for the use
of OMM in the treatment of alcohol and opioid-use disorders. However, further studies are needed to evaluate
hodological underpinnings of the ﬁndings presented and
to evaluate proper frequency and timing of potential
treatments. In all, this study demonstrates that further
study in this area is indicated.
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Analysis of Price Transparency via
Mandated Standard Charge
Listings for Routine Vaginal
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Context: The cost of a vaginal birth in the United States
saw an increase of 148% from 2008 to 2015 raising the
maternal ﬁnancial burden from $2910 to $4314 on average.
The US Centers for Medicare & Medicaid Services mandated
that institutions licensed as hospitals were required to post
their standard charges prominently on publicly available
websites by January 1, 2021. This allows patients to look up
the price of a vaginal delivery and consider ﬁnancial
burden as part of the birth planning process.
Objective: To investigate the price variation in one
healthcare market in Tennessee using newly available information as mandated by the CMS price transparency rule
and extrapolate the accuracy and ease of access of this
information.
Methods: We identiﬁed the January 2021 publicly
available standard charge listings for hospitals in eastern
Tennessee. We isolated the charge corresponding to diagnosis related group 807 which codes for vaginal delivery
without sterilization or D&C and without comorbidity or
complication. We then calculated the mean (SD) charge at
all included hospitals. No human participants were
included in this study.
We analyzed the degree of price variation and
compared the mean price to the price paid by Medicare
using the Geographic Practice Cost Index published in the
2021 Medicare Physician Fee Schedule.
We noted the importance of cost to patients when the
focus is empathetic, whole-person health care.
Results: Of the 14 hospitals, the mean (SD) listed price for
vaginal delivery as DRG 807 was $6,499.43 ($1,181.68) in
January 2021. The prices ranged from $4,978.97 to
$9,529.40, representing a difference by a factor of 1.9. The

mean listed price of $6,499.43 was 2.7 times the price of
$2,398.29 that Medicare states it would pay based on the
MPFS data.
Conclusion: The availability of CMS-mandated hospital
standard charge listings and the nomenclature used for
vaginal delivery are not uniform, and the listed prices
are variable. The association between listed charges and
actual prices paid by patients or their insurers is unclear, mitigating the value of the CMS rule for patients
considering ﬁnancial burden in their birth plans. This
study suggests that although implementation of the
CMS price transparency policy may be insufﬁcient to
enable patients to estimate or compare prices, it may
play a role in disclosing a ﬁnancial factor contributing to
the increasing maternal mortality rate in the United
States.
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Context: Residencies accredited through the American
Osteopathic Association (AOA) completed merging with
programs accredited through the Accreditation Council for
Graduate Medical Education (ACGME) in 2020.1,2 This
included the transition of Osteopathic Neuromusculoskeletal Medicine (ONMM) residencies. Progress
through ONMM residency is evaluated based on ﬁfteen
ACGME milestones.3 However, there are no guidelines to
help guide the achievement of these milestones as there are
in other specialties.4-6
Objective: The primary purpose of this study was to
develop a proposed structure and content for an ONMM
residency curriculum (1) based on the alignment of residency curriculum with ACGME milestones in one ACGME
accredited ONMM residency program, and (2) the perceived
needs of residents and faculty for an ONMM residency
curriculum.
Methods: A mixed methods exploratory sequential
approach with embedded design was used.7 Qualitative
analysis of didactics curriculum content for the past two
years was hand coded according to themes identiﬁed in the
residency curriculum content which were further coded
according to ACGME milestones.3 Curriculum topics identiﬁed in qualitative analysis were used to create a questionnaire which was administered to residents and faculty
(n=24) in the ONMM residency program to examine
perceived importance of each curriculum topic based on a
ﬁve-point Likert scale. Open-ended questions were
embedded in the questionnaire that asked how faculty and
residents deﬁne ONMM and what they believe should be
the purpose of an ONMM residency curriculum.
Results: Five themes were identiﬁed in qualitative analysis
of curriculum, namely, (1) OMM laboratory topics, deﬁned
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as didactics topics that involve the hands-on application of
psychomotor skills, (2) faculty-led activities and lecture
topics, (3) resident-led activities and lecture topics, (4)
research, and (5) training courses and volunteer activities.
The most important perceived curriculum topics for faculty
and residents were Osteopathic structural examination,
orthopedic exam, direct and indirect methods, Osteopathic
Cranial Manipulative Medicine, pediatric OMT, common
upper and lower extremity injuries, and low back pain.
Each of these topics aligned well with ACGME milestones.
Residents reported that integrative medicine topics such as
acupuncture were a signiﬁcantly more important ONMM
residency laboratory topic (mean=3.58, SD=0.996)
compared to faculty (mean=2.33, SD=0.985), t (22)=-3.091,
p=0.005. Study participants most commonly described
ONMM in terms of the specialized knowledge required for
the discipline (n=19, 79.2%) and the Tenets of Osteopathy
(n=17, 70.8%), and felt that the purpose of an ONMM residency curriculum should be to gain knowledge (n=20,
83.3%) and become a competent physician (n=19, 79.2%).
Conclusion: Present ﬁndings were employed in the
development of proposed ONMM residency curriculum
guidelines and submitted to the American Academy of
Osteopathy for consideration. They are presented here as a
resource for application to ONMM residency curriculum.
Where possible, it may be beneﬁcial to adopt components
of ONMM curriculum from existing evidence-based medical and post-graduate educational programs, and implement evaluation methodologies that ensure the
appropriate application of curriculum to individual program needs.8-12
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Context: Medical students often exhibit poor studying
posture, which can result in increased muscle stiffness
surrounding the neck, pain and manifest into tender
points. Previous studies on Counterstrain (CS) techniques
have shown efﬁcacy in decreasing pain scores. A device
called the MyotonPRO has been used to assess muscle tone
after non-CS osteopathic techniques. However, to date, no
study has established a signiﬁcant relationship between CS
tender points and muscle tonicity using a MyotonPRO.
Objective: The primary aim of this study was to investigate
the efﬁcacy of CS technique in decreasing pain in trapezius
tender points in medical students. The secondary aim was
to utilize the MyotonPRO device to determine if CS technique changes muscle tone in the treated tender points.
Methods: Twenty-seven medical students (17 females and
10 males) were evaluated for tender points in the upper
trapezius bilaterally by a board-certiﬁed faculty member in
the OMM department. The side with the highest initial pain
rating was labeled as the treatment side, whereas the other
side was labeled as the control side. A student investigator,
who was blinded to the treatment and control trapezius
tender points, measured all parameters, including muscle
tone, using the MyotonPRO, bilaterally. The physician
treated the treatment side with CS technique. Subjective
reports of pain rating (out of 10) were recorded for the
treatment side both pre and post-treatment. The points
were measured again post-treatment by the blinded student investigator using the MyotonPRO, bilaterally. Pain
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scale changes and muscle stiffness data collected by the
MyotonPRO was analyzed using SPSS statistical software.
Results: The mean change in subjective pain scores before
and after CS was 4.9 with a p-value of <0.001, indicating a
statistically signiﬁcant difference. The mean change in
muscle stiffness measured by the MyotonPRO before and
after CS treatment was 4.9 N/m with a p-value of 0.09,
indicating a statistically insigniﬁcant difference.
Conclusion: This study demonstrated that CS was effective
in reducing pain levels in trapezius tender points in medical students. Further research may be needed regarding
the use of MyotonPRO in measuring the physiological parameters of muscle in both pre- and post-counterstrain
treatment. Further investigation is warranted regarding
whether physiological changes in the trapezius muscle, as
measured by the MyotonPRO, can be adequately correlated
to the test subject’s decrease in subjective pain scores.
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Context: Hypermobile Ehlers-Danlos Syndrome (hEDS)
and Hypermobility Spectrum Disorders (HSD) are associated with musculoskeletal pain, decreased bone mineral
density (BMD) and gastrointestinal (GI) complications1,2,3.
Though the etiology of low BMD may be multi-factorial, the
role of GI symptoms and diet in BMD has not been established in this population. This study investigates how GI
distress inﬂuences nutritional intake and the effect it may
have on BMD and body composition in this rare disorder.
Objective: The primary objective of this study is to determine the frequency and severity of GI symptoms compared
to body composition and bone mineral abnormalities in
individuals with hEDS and HSD. The secondary objective is
to examine the effect of GI symptoms on energy balance
and body composition.
Methods: This pilot study was approved by the New York
Institute of Technology College of Osteopathic Medicine
(NYITCOM) Institutional Review Board. This was an
observational study that recruited 10 hEDS/HSD subjects
age 28 ± 4, Body Mass Index (BMI) 21 ± 3 from the NYITCOM
Ehlers-Danlos Syndrome (EDS) Center and 10 age, sex, and
BMI matched controls (age 27 ± 4, BMI 22 ± 2) that were
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recruited from the local community. Subjects signed written consent to participate in this study. Inclusion criteria
required a Beighton score of ≥4. Excluded were anyone
with other forms of EDS, other forms of connective tissue
diseases and pregnancy. Subjects recorded mealtime, meal
composition, and the amount of food consumption for
2 days. The macronutrient breakdown and caloric intake
was calculated in an online application. The Gastrointestinal Symptom Rating Scale (GSRS) is a validated diseasespeciﬁc instrument that consists of 15 questions combined
into ﬁve symptom groups: reﬂux, abdominal pain, indigestion, diarrhea, and constipation. Dual-Energy X-ray
absorptiometry (DXA) imaging was utilized to determine
body composition including lean body mass (LBM), body
fat % and BMD. Data was analyzed using a Mann Whitney
U Test and a Spearman’s Rho Correlation in the Statistical
Package for the Social Sciences (SPSS) (alpha=0.05). The
results from this study will assist osteopathic physicians in
treating the whole patient by helping guide future clinical
recommendations for diet and therapy in this rare
population.
Results: There was no correlation between GSRS score and
BMD (rs= 0.06, p=0.82, n=20). There was no signiﬁcant
difference in caloric intake and fat consumption between
hEDS/HSD and controls (p=0.58; p=0.28). However, hEDS/
HSD subjects consumed a signiﬁcantly lower amount of
protein and a signiﬁcantly higher amount of carbohydrates
(p=0.002; p=0.023). The hEDS/HSD subjects reported
higher GI symptoms on the GSRS compared to the controls
(p<0.001). Interestingly, GSRS was negatively correlated to
protein intake (rs= -0.57, p=0.019, n=20). Therefore, the
greater GI symptoms reported, the lower amount of protein
the subject consumed. No difference in BMD, LBM or body
fat between the hEDS/HSD and healthy controls were
found (p=0.28; p=1.0; p=0.39).
Conclusion: This pilot study has identiﬁed that women
with hEDS/HSD presented with a deﬁcit in protein intake,
which correlated with increased GI complications that are
associated with hEDS/HSD. Although no difference was
found between BMD, LBM and fat mass in this cohort, the
reduced protein intake long-term may have a lasting
impact on bone and muscle health. These results may be
due to the small sample size. The data is still being
collected in a larger cohort of subjects. The information
from this project will help physicians gain a better understanding of the relationship between GI symptoms, diet,
and BMD in this population. Future studies will need to be
conducted to understand the longitudinal effects of a
protein deﬁcit in this rare disease and to help guide future
preventive and nutritional treatment approaches in individuals with hEDS and HSD.
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Context: During the COVID-19 pandemic, many medical
facilities that were providing hands-on therapy, such as
Osteopathic Manipulative Therapy (OMT), had to discontinue or limit operations for safety purposes. Not much is
known about whether the resumption of hands-on treatment has been met with enthusiasm, reluctance, or
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indifference by patients, and if these dispositions are
inﬂuenced by vaccination or infection status.
Objective: To test the hypothesis that patients are more
hesitant to participate in clinical trials with and without
OMT during a pandemic as opposed to before the
pandemic. In addition, this study will test the hypothesis
that perceived immunity (through prior COVID-19 infection
or vaccination) will enhance agreement to participate in
clinical trials with or without OMT.
Methods: Clinical trials are an important tool used to understand the effects OMT has on human physiology.
Following the COVID-19 pandemic, patients may have
increased reluctance to receive OMT. To study this potential effect, 35 surveys were handed out to patients at the
Long Island Heart Rhythm Center (LIHRC) at NYIT College
of Osteopathic Medicine between June and July of 2021. The
surveys were used as a screening tool for the ongoing
IRB-approved study Effects of Osteopathic Manipulative
Therapy on Arrhythmias (BHS-1464). In our survey study,
cardiology patients answered ﬁve questions: (1) Have you
ever tested positive for COVID-19? (2) Have you received at
least one dose of a COVID-19 vaccine? (3) Are you willing to
participate in a clinical trial? (4) Are you willing to participate in a clinical trial with Osteopathic Manipulative
Therapy from a physician? (5) If you answered “No” or
“Maybe” to question #4, would you have participated in a
clinical trial with hands-on treatment from a physician
before the onset of the COVID-19 pandemic? The answer
choices for questions 1 and 2 were “Yes” or “No,” and for
questions 3-5 the answer choices were “Yes,” “No,” or
“Maybe.” Additionally, under questions 3-5 there was a
section to leave comments if the patient chose “Maybe.” A
quantitative analysis was performed on the data to make
conclusions about patient outlook on clinical and OMT trials.
Results: Out of the 35 patients surveyed, 29 patients
received at least one dose of a COVID-19 vaccine, 6 patients
previously contracted COVID-19, 3 patients did not have a
COVID-19 vaccination or previous infection, and 2 patients
received a COVID-19 vaccination and previously contracted
COVID-19. 20 patients were willing to participate in a
clinical trial, 21 were willing to participate in a clinical trial
with OMT, and 29 would have participated in a clinical trial
with OMT before the pandemic.
Previously Infected (n=6): 5 patients were willing to
participate in a clinical trial, and 4 were willing to participate in a trial with OMT. 2 patients would not participate
currently or prior to the pandemic.
Not Previously Infected (n=29): 15 patients were willing
to participate in a clinical trial, and 17 were willing to
participate in a trial with OMT. Out of the 12 patients who
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were unsure or would not currently participate, 8 reported
that they would have participated in an OMT trial prior to
the pandemic.
Vaccinated (n=28, includes patients who have also
tested positive for COVID-19):
15 patients were willing to participate in a clinical trial,
and 17 were willing to participate in a trial with OMT. Out of
the 13 patients who were unsure or would not currently
participate, 7 reported that they would have participated in
an OMT trial prior to the pandemic.
Not vaccinated (n=7): 5 patients were willing to participate in a clinical trial, and 4 were willing to participate in a
trial with OMT. Out of the 3 patients who were unsure or
would not currently participate, 1 reported that they would
have participated in an OMT trial prior to the pandemic.
Conclusion: This study demonstrates that more than half
of the cardiology clinic patients surveyed were willing to
participate in clinical trials with and without OMT. More
than 20 percent of the participants that would not currently
participate would have participated in a clinical trial with
OMT before the pandemic.
Preliminary results appear to indicate that there is
no difference between patients’ willingness to participate in clinical trials with and without OMT, regardless
of vaccination and previous COVID-19 infection status.
Two patients indicated concern over clinical trials
involving new medications and dangerous procedures,
however, they were willing to participate in an OMT
clinical trial.
74 percent of patients in our survey were vaccinated
and did not have a previous COVID-19 infection. The
sample size of patients without vaccinations and/or prior
COVID-19 infection was too small for a statistical comparison. Additional patient recruitment is needed in order to
truly determine whether there is a difference in participation in clinical trials between those with perceived immunity and those without. Further recruitment is also
necessary to assess the effect of the COVID-19 pandemic on
patients’ dispositions towards participating in both clinical
and OMT trials.
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Context: Early dementia detection offers beneﬁts for patients’ long-term health, treatment options, quality of life,
and ﬁnancial cost. However, there is a great conﬂict
amongst dementia screening guidelines, especially in primary care settings. Therefore, there is a growing need for
establishing a uniform set of screening guidelines as well
as improving primary care providers’ ability to recognize
dementia and utilize assessment tools that are available to
administer in the primary care setting.
Objective: The objective of this cohort study is to determine the extent of dementia screening of patients over the
age of 65 in a primary care setting at a suburban family
medicine clinic, and to track the rate of return for further
evaluation.
The process improvement for family medicine will be
to add research that helps balance the risks and benefits of
dementia screening.
Methods: In a suburban family medicine clinic, 182
Medicare annual wellness visits of patients over 65 yearsold were reviewed. These visits occurred between 02/01/
2020 and 07/31/2020.

Data collected included demographics, Mini-Cog
screening results with scoring by Peterson’s criteria, selfreported memory problems, PHQ-9 score for depression
evaluation, average pain score, follow-up recommendations, and treatment/management.
Standard of care for primary dementia screening is the
Mini-Cog: a 3-word recall test, and a clock-test. It is 99%
sensitive and 93% specific.1,2
Results: - Out of the total 182 charts reviewed, 122 patients
(67 %) screened negative, 14 (7%) screened positive, and 46
(25%) were not screened.
- The median age of screening was 73. The median of
those that screened positive was 79, whereas the median
age screening negative was 72.5 (p=0.012).
- Return for further evaluation was recommended for
25 (13.7%) patients. Of those, 9 screened positive, 8
screened negative, and 8 were not screened.
- Logistic regression analysis indicated that patients
screening positive were more likely to return for further
evaluation compared to patients not tested (OR 40.2, 95%
Cl 4.51-358.3) (p=0.001), or screened negative (OR 26.6,
95% Cl 3.61-196.4) (p=0.001).
Conclusion: The median age of patients who screened
positive for cognitive impairment by Peterson’s criteria was
7.5 years older than those who screened negative. This is
consistent with epidemiology showing an exponential increase in the prevalence and incidence of dementia from
age 65 and onwards.3
Unfortunately, 25% of patients who were not screened
represent a population where a diagnosis of dementia
could be missed. Potential contributing factors for this
finding include: the availability of various conflicting
guidelines, providers’ lacking the ability in screening for
cognitive impairment properly, under-utilizing the tools
available for screening, and hesitancy to proceed with
dementia diagnosis.4,5
Out of 14 patients who screened positive at their initial
visit, only 9 patients were recommended to return. Our
future goal is to identify the speciﬁc factors contributing to
this discrepancy, and perhaps initiate an internal quality
improvement project to improve competence in dementia
diagnosis and care amongst primary care providers.
Risks of screening: Evidence supports less is more with
medical evaluation, and those who screened positive were
advised to return for further testing.6 With the screen being
a survey, there wasn’t any reported harm to the patients
who participated in it.
Beneﬁts of screening: Patients screening positive were
more likely to return for further evaluation compared to
patients not tested (OR 40.2), or screened negative (OR
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26.6). This proves that proper screening at annual wellness
visit is critical to address patients and caregivers’ denial of
cognitive problems and resistance to further evaluation.6
In conclusion, we identiﬁed a signiﬁcant need for clear
and reliable diagnostic guidelines to decrease the prevalence of missed and late diagnosis of dementia. It is
important to improve providers’ ability in assessing risk
factors, diagnosing dementia before complications occur,
and establishing a patient-centered care plan.
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Context: Vaccination is a crucial public health initiative
for the health of youth worldwide. Vaccination ordering
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and administration fell dramatically in the age group under
24 months of age with the advent of COVID-19 [1] and the
biggest barrier to vaccination was the decrease in-person
visits due to parental fear of COVID19 [2]. This pilot study
aims to provide more context via physician practice-based
perspectives to the low vaccination rates observed.
Objective: To assess changes in patient volume, percent
and type of appointments cancelled, and vaccine hesitancy
or anti-vaccine sentiments from before to during the
COVID19 pandemic. To explore interventions conducted by
providers or employers to encourage patient appointment
attendance.
Methods: This is a survey based study, in which 64 participants were recruited through convenience sampling
using a link and brief study explanation posted on physician and residency groups on social media or sent in a
mailing list. Physicians specializing in pediatrics, family
medicine or OB/GYN were contacted between the months
of September and December 2020. The inclusion criteria for
the study were: 1) Participants must be healthcare providers who currently practice in the United States, 2) The
participants provide vaccinations on a regular basis.
Chi-square test for independence was used for questions
pertaining to patient volume and types of appointments
cancelled. Remaining questions concerning percent of
appointments cancelled by patients/providers and vaccine
hesitancy were analyzed using analysis of variance testing
with post hoc tests for statistically significant results. Three
time points were examined for each question: 1) Before
COVID19; 2) At lowest patient volume; 3) At the time of
survey completion. Statistical significance was set at a
p-value of under 0.05. Free response answers for interventions or changes providers and/or employers
implemented to encourage patients to attend their appointments were grouped and categorized into themes by
following abridged steps outlined by Nowell et al. [3]. Responses could include more than one theme each, and the
total frequency of each theme and sub-category was
calculated.
The osteopathic significance of this study centers
around the components of mind and spirit for physicians
and patients. Adherence to public health and healthcare
recommendations revolve largely around issues of trust,
social contexts, and belief systems. By understanding the
motivations and context of decreased vaccination in the
setting of the COVID19 pandemic, providers will be better
able to overcome these obstacles in the future.
Results: Out of 64 total respondents 8 respondents were
excluded, resulting on 56 complete responses. Respondents practiced in 24 states, with the most responses
coming from California (19), New York (4), and Texas (3).
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Most responses came from pediatricians (53) working in
private or group practices (34).
Chi-square test for independence found a statistically
significant decrease from pre-COVID19 patient volumes to
lowest patient volumes as well as patient volumes at
the time of survey completion (p<0.0001 for both comparisons). In addition, signiﬁcant differences in types of
appointments cancelled by patients/guardians versus
providers were found (p<0.001), with providers cancelling more illness visits than guardians and providers
cancelling less well-child checks below 7 years of age than
guardians.
Analysis of variance testing found higher percentages
of no-shows/cancellations by patients/guardians at the
time of lowest patient volume versus pre-COVID19 (t= -3.5,
p<0.001) and lower percentages at the time of survey
completion versus lowest patient volume (t= 2.17, p<0.05).
The percent of cancellations by physicians/employers was
higher at lowest patient volumes and at the time of survey
completion versus pre-COVID19 (t= -5.12, p<0.0001; t=
-2.57, p<0.05 respectively), and lower cancellation percentages were found at the time of survey completion
versus at lowest patient volume (t= 4.05, p<0.0005).
Finally, no signiﬁcant difference was found in the percent
of guardians refusing vaccines or requesting alternative
vaccination schedules (F=0.11, p=0.89).
40 free responses were received detailing interventions or practice changes implemented to encourage
appointment attendance. The most popular intervention
theme was Reminders (found in 26 responses) followed
closely by the theme of Practice Change (20 responses). Of
the 40 total responses, nine of them used multiple interventions to encourage patients.
Conclusion: A sustained decrease from pre-COVID19 patient volumes was found versus those at lowest patient
volumes and at the time of survey completion. This may be
due to practice changes like socially distanced waiting
rooms or continued parental fear of COVID19 [4]. The increase in appointment no-show/cancellation percentages
by patients/guardians and providers may be contributing
to the decrease in patient volumes. However, the percentages are returning to pre-COVID19 levels for patients/
guardians.
Providers/employers appear to be following AAP
guidelines to prioritize in-person well-child checks [5]. Less
well-child checks under 7 years old were cancelled by
providers/employers than expected compared to guardians. Greater cancellation of illness visits by providers/
employers may be due to practice changes like the separation of well-child visits from illness visits.

Although there was no change found in the percent of
patients/guardians refusing vaccines or requesting alternative vaccination schedules from before and during the
pandemic, a separate study found that were differences in
vaccine attitude changes based on political identity between March to August 2020 [6], indicating the possibility
that question speciﬁcity or study power may have been
lacking to measure any changes that occurred.
Thematic analysis of free response questions revealed
the theme of reminders to be most prevalent. Of note,
automated or clinic staff based systems were most often
used, which have been found to increase appointment
attendance [7]. Practice based changes were also prevalent,
and reﬂected similar interventions mentioned in a recent
study [8]. The low number of responses mentioning multitheme interventions illustrates the potential for future
research in its efﬁcacy and cost-effectiveness. Limitations
of this pilot study include the lack of generalizability, high
likelihood of low response rate, and low representation of
family medicine physician in the sample.
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Context: During the pandemic, medical education has
been interrupted. Schools have been forced to shift toward
virtual learning. In the past, pre-recorded videos have been
recommended as a supplement to in-person lab education.
To our knowledge, full virtual learning OMM lab has never
been attempted. Our goal with this study was to evaluate
the student’s perspectives about our virtual OMM lab
course. We hypothesize the results would show a negative
response due to the lack of hands-on practice.
Objective: To assess osteopathic medical student’s perspectives regarding virtual learning with osteopathic
manipulative medicine (OMM) versus traditional inclassroom learning.
Methods: The survey study consisted of a ten-question
survey using a Likert scale design. The study was
designed with Microsoft Forms and an email request was
sent to all 1st and 2nd-year medical students at TCOM
asking for completion of the electronic survey. The
questions focused on student’s perspectives on conﬁdence in learning, academic preparedness, and comparison of the aspects of the virtual and in-class learning
settings. Data collection had no identifying information
and responses were anonymous. No compensation was
provided for student participation. IRB approval was obtained for this study.
Results: A total of 180 responses from 239 students were
obtained with a response rate of 75.3%. 68% of the responses did not generally enjoy the virtual learning environment. 63% of the responses did not feel that OMM was
taught more efﬁciently through virtual learning. 71% of the
responses did not feel conﬁdent overall. Free text response
was allowed for the last survey question. Some comments
suggested that virtual learning allowed a better understanding of the material especially with the use of small
group “breakout” sessions. Other comments suggested the
technology involved with virtual learning allowed for
better communication among peers.
Conclusion: Responses of the survey study appear to
support our hypothesis regarding a negative perspective to
virtual learning due to the lack of hands-on practice.
However, some responses suggest that virtual learning
may be helpful as a supplement to traditional in-class OMM
education. More collaboration among our peers in the
OMM may help elucidate what is the most efﬁcient manner
in using virtual education for the future.
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Context: Prostate cancer is the one of the most common
cancers in men with over 190,000 men diagnosed annually.1 Prostate cancer is well-researched from an objective
point of view in terms of treatment and prognosis, but the
long term subjective outcomes from a patient’s perspective
remains relatively unknown.2 The Oregon Urology Institute
(OUI) has been collecting subjective functional outcome
data on patients since 2008.
Objective: To determine the long term subjective outcomes of prostatectomy versus radiation therapy and
determine if the functional outcome scores can predict a
patient’s satisfaction with their treatment. This study aims
to address the gap in research and patient reported outcomes in prostate cancer.
Methods: Patients treated at OUI were asked to complete a
mailed Expanded Prostate Index Composite (EPIC) questionnaire post-treatment at regular intervals. The survey
assessed various functional outcomes on a subjective basis
such as: urinary function, bowel function, sexual function,
hormonal function, and overall satisfaction of treatment.
Patients were divided into two cohorts, ones treated surgically via prostatectomy vs radiation. Each cohort
completed this survey post-treatment at 3, 6, 9, and
12 months then annually for the past 12 years (radiation
patients) and 14 years (surgical patients). Results from each
cohort were compared and analyzed with a linear mixed
effect model.
Results: Both radiation and surgery cohorts consisted of
824 patients each. Urinary function score decreased by
4% for every month post treatment with radiation
(P<0.0001), whereas surgery had a 5% increased urinary
function score. Sexual functional scores after radiation
decreases by 8% for every month post treatment
(P<0.0001), whereas surgery cohort had a 13% increased
sexual functional score (P<0.0001). Hormonal function
score after radiation treatment increases by 3% for every
month post treatment (P<0.0001), whereas surgery
cohort had a 2% decreased hormonal functional score
(P=0.0001). Satisfaction scores for overall treatment after radiation treatment decreased by 3% for every month
post treatment (P<0.0001), whereas surgery patients
have a 2% higher satisfaction score (P=0.0065). The odds
of a prostate cancer patient’s satisfaction score increased
by 7% for every one unit increase in urinary function
and by 17% for every one unit increase in patients hormonal functional scores, after accounting for treatment
(P<0.0001).
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Conclusion: There is a signiﬁcant increase in overall
subjective function and satisfaction of treatment with patients treated surgically vs radiation for prostate cancer.
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Context: Virtual Reality (VR) is a relatively new medium
created to provide the public with an immersive and
interactive gaming experience. In recent years, VR has
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made its way into medical education, gamifying the
learning environment (1). Studies have shown the beneﬁts
of using VR for surgical training and anatomy learning (1, 2);
however, this novel approach has not been explored in the
ﬁeld of osteopathic medicine. So, we set out to create a VR
OMM program that would enhance osteopathic learning.
Objective: To determine whether the use of Virtual Reality
(VR) for learning Osteopathic Manipulative Medicine
(OMM) results in high learning motivation among osteopathic medical students. We believe that the unique aspects of medical VR that allow for the interactive viewing of
the human body with immediate feedback, will motivate
students to learn and accurately practice osteopathic diagnoses and techniques.
Methods: A pilot VR OMM program was developed to
determine if osteopathic medical students felt that the use
of VR would enhance the learning of osteopathic techniques and diagnosis. The program was designed and
developed using Unity development software. A virtual
reality OMM classroom environment was created for students to enter using an Oculus VR Headset and practice
their osteopathic techniques such as identifying landmarks, assessing symmetry, determining thoracic range of
motion, and conducting the skin drag and erythema tests.
An email regarding the pilot study was sent out to ﬁrst year
medical students at NYITCOM and those who volunteered
were lent an Oculus VR Headset for one week with video
instructions on how to use the program. Total play times
and scores during each game session were recorded using
the headset, and Instruction Materials Motivation (IMMS)
and OMM in VR feedback surveys were given after headset
use to assess the students’ thoughts and motivation to
learn OMM using a VR medium (3, 4). The IMMS survey
assessed the students’ motivation through four categories: attention, relevance, conﬁdence, and satisfaction
(ARCS) (5). From the IMMS survey, which consisted of 36
questions, the 12 Reduced Instructional Material Motivation Survey (RIMMS) questions were used for analysis
(3). The RIMMS contains three questions pertaining to
each category of the ARCS Model of Motivation. The
surveys, except the free response section, were answered
on a 1-5 Likert-scale. SPSS was used to statistically
analyze the data and check for overall agreement or
disagreement on the practicality and beneﬁts of using VR
for OMM.
Results: A total of 45 ﬁrst year osteopathic medical students attending NYITCOM expressed interest in being a
part of this pilot study, out of which 44 students actively
participated in the OMM VR program. From these 44 students, 39 ﬁlled out the post-program survey, however only
37 fully completed the survey to its entirety. From the 44
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students who participated in the program, the data
collected from the headsets showed students spent an
average of 11.5 minutes in the OMM VR program, with the
average ﬁrst score being 68.3 and the average highest score
being 75.5. The modes, medians, and interquartile ranges
(IQR) of the 1-5 Likert-scale responses were calculated for
each question in the RIMMS. The results of the statistical
analysis were as follows: attention (modes=3, 4, 4;
medians=3, 4, 4; IQR=1, 1, 1), relevance (modes=5, 3, 4;
medians=5, 4, 4; IQR=1, 1, 1), conﬁdence (modes=5, 5, 4;
medians=4, 4, 4; IQR=2, 2, 1), and satisfaction (modes=3, 5,
5; medians=4, 4, 4; IQR=2, 2, 2). The modes and medians
show there was an overall agreement that practicing OMM
in the VR program was useful and motivating. The IQR
ranges of 1 and 2 also show that there was little disagreement between the students for each question. Student
comments in the free response section conﬁrmed the
overall positive experience with OMM and VR. Students
liked how it allowed them to review and practice skills they
already learned in class, and they expressed interest in
seeing more OMM techniques as modules in the future.
Additional survey responses pointed out that there were
some challenges to learning how to use the VR controls and
that improved instructions for the module could be helpful
for the future.
Conclusion: This was a survey-based pilot study that
aimed to determine whether OMM could be brought to VR
in a meaningful way. The goal was to determine if practicing OMM in VR would be helpful for students, and if it
could motivate them as a novel additional learning tool.
The results of the RIMMS and OMM in VR survey showed
that OMM could potentially be brought into VR for remote
or even in class learning. We also received useful feedback
on what worked and what could be improved for the next
phase of this study. The next version of this program will
include more techniques and will incorporate some of the
suggested improvements to the pilot program. The use of
virtual reality could pave the way for the future use of outof-classroom OMM learning and assessment to ﬁne tune
osteopathic skills and create enthused and motivated
osteopathic physicians.
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Context: During the COVID-19 pandemic, hospitals
closed catheterization and electrophysiology labs while
many patients continued to suffer from cardiac conditions. An emergency declaration expanded telehealth
utilization, however, essential in-person ECG recordings
became more difﬁcult. To circumvent these challenges,
the cardiology clinic at NYIT College of Osteopathic
Medicine (NYITCOM) transitioned to remote real-time
outpatient cardiac telemetry (ROCT) using devices shipped to patients’ homes.
Objective: To test the hypothesis that at-home ROCT,
provided by the Cardiac Clinic at NYITCOM, is an effective
method of providing ECG monitoring to symptomatic patients during the COVID-19 pandemic.
Methods: “Diagnostic and Therapeutic Outcomes from the
Long Island Heart Rhythm Center (LIHRC)”, is an NYITCOM
Institutional Review Board approved registry that permits
this retrospective analysis of observations and outcomes of
cardiac patients (BHS-1464). All patients who received athome ROCT care by the clinic’s team during the ﬁrst
COVID-19 surge were included in the analysis (from 3/11/
2020-8/1/2020). The FDA-approved ROCT devices
(DMS-300 from Stateline, Nevada) were shipped to and
from the patients’ homes and the electrodes were selfapplied to patients’ chests through adhesive patches.
These small, waterproof, plastic devices were connected to
a computer at the clinic’s base which stores real-time data
using cloud-based Smartsheet ® software. The system then
produced clinical reports which included a continuous
6-lead ECG and many cardiovascular health parameters
including heart rate, heart rate variability, ST-segment
analysis, supraventricular and ventricular ectopy, bradycardia (including signiﬁcant pauses >2.5 s), QT/QTc intervals, as well as other arrhythmias. Additionally, patients
were instructed to activate the device’s symptom recorder
to correlate symptomatic episodes to the ECG recordings.
The patients’ medical records were de-identiﬁed and
reviewed for age, gender, indications, and ﬁndings. Patient
comfort and ease of use of the devices were important aspects evaluated in consideration of the mind and spirit in
the osteopathic approach and the psycho-behavioral
components of osteopathic care. The data was analyzed
and presented as the mean ± standard deviation.
Results: 17 patients (15 female) from the LIHRC were
included in the analysis with an average monitoring
duration of 27 hours. The patients’ ages ranged from 21 to
85 years old with a mean of 37 ± 19 years old. ROCT indications included palpitations (n=8), presyncope (n=9),
chest pain (n=5), shortness of breath (n=2), and syncope
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(n=3). Some also received ROCT due to short PR intervals
observed on a pre-pandemic ECG (n=3).
Two patients experienced palpitations while wearing
the ROCT device: one had supraventricular tachycardia at
150 beats per minute; the other had unifocal premature
ventricular contractions, and eventually underwent a
successful cardiac ablation. Most patients experienced no
symptomatic episodes during ROCT (n=15). The 6-lead ECG
for ﬁve of those patients showed arrhythmias including
wandering atrial pacemaker (n=2), sinus tachycardia (n=1),
premature ventricular contractions (n=1), premature atrial
and ventricular contractions (n=1), ectopic atrial rhythms
(n=1), and sinus arrhythmia (n=1). The LIHRC staff experienced some device/connectivity issues. The majority of
patients had no problems, however four patients had the
following issues: two removed their devices due to
discomfort, one could not set up the device, and one could
not use the device due to poor internet connection.
Conclusion: This innovative remote real-time cardiac
telemetry service circumvented the challenges presented
by the COVID-19 lockdown by allowing ECGs to be performed at-home. ROCT also produced an ECG recording for
a longer duration than the typical in-person 12-lead ECG,
which occurs at a single time point. In addition, the system
successfully correlated the patients’ cardiac arrhythmia
symptoms to ECG ﬁndings. The ROCT device provided 24/7
6-lead ECG monitoring and various other cardiac health
parameters. Most patients and staff were able to use the
system without issues.
With the unique challenges of the COVID-19 pandemic,
physicians can use at-home ROCT to prevent infection and
diagnose cardiac conditions. This can also be used to
deliver patient-centered care to those with limited mobility
when coupled with a telemedicine visit.
This study is limited by its retrospective and observational nature, and the small sample size. Further studies
are necessary to determine the effectiveness of at-home
ROCT ECG monitoring compared to the traditional inperson ECG.
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Context: There are more than 214 million video game
players in the United States today, with 41% of those being
women.1 Research has shown that women are experiencing
harassment while gaming online, which can lead to anxiety and stress.2 Cyber harassment has been shown to have a
detrimental effect on mental health, including depression,
anxiety, suicidal ideation, and panic attacks.3 The mental
health impact that online harassment may have is of
concern for physicians who treat women gamers.
Objective: The primary purpose of this study was to
examine the harassment that women who play video
games are experiencing while gaming. This included
harassment directed at their gender identity, sexual
harassment, and non-sexual harassment. Secondarily, this
survey examined how this harassment impacted their
willingness to play video games and how they felt gaming
platforms addressed the harassment.
Methods: Data for this study were collected utilizing an
online survey. This survey was exempt by the Institutional
Review Board at New York Institute of Technology. The
survey consisted of 18 multiple choice and open ended
questions. There were no personal identiﬁers used according to HIPAA and NIH guidelines, therefore consent
was not required. The survey was distributed to online
gaming platforms that included Twitch, Discord, Twitter,
Reddit, and Facebook. Descriptive statistics were used to
analyze and describe all data. Many physicians may not be
aware that the cyber harassment women face can impact
both mental and physical health. The results from this
study will help bring awareness to osteopathic physicians,
who can then help these women achieve optimal health by
addressing the needs of both their mind and body.
Results: There were 166 survey respondents. Because this
study is focused on women gamers, 22 respondents who
listed their gender identity as male were excluded. Of the
144 remaining participants, 19.4% (28) were ages 18-20,
59.0% (85) were ages 21-30, 16.0% (23) were ages 31-40,

and 5.6% (8) were older than 40 years. The results indicated that 82.6% (119) of respondents had reported experiencing at least one form of harassment while gaming,
68.1% (98) reported experiencing harassment based on
their gender identity, 59.0% (85) reported experiencing
sexual harassment, and 72.7% (104) reported experiencing
non-sexual harassment. When asked if sexual harassment
is properly addressed in the gaming community, only 7.6%
(11) responded “yes”, while 32.0% (46) responded “sometimes” and 60.4% (87) responded “no”. When asked the
same question of non-sexual harassment, 7.7% (11)
responded “yes”. 33.6% (48) responded “sometimes”, and
58.7% (84) responded “no”. Lastly, when asked if harassment had impacted their willingness to play games, 56.5%
(48) of those who had experienced sexual assault responded “yes”, while 58.7% (61) of those who had experienced
non-sexual assault responded “yes”. At the end of the
survey, participants were asked to describe a time they had
experienced harassment based on their gender identity, if
they felt comfortable enough to do so. Of those that
answered, several respondents mentioned being told to
“get back in the kitchen” (12), hearing sexually explicit
comments (16), being asked for sexually explicit photos (3),
and hearing comments pertaining to or threatening
rape (6).
Conclusion: The results of this survey suggest that over
80% of women gamers are experiencing harassment while
playing online video games. Of those, more than half
indicated that the harassment has impacted their willingness to play games. Furthermore, most of the respondents
did not feel as though the gaming community is doing
enough to address both non-sexual and sexual harassment. Some limitations of this study include the number of
respondents and that the level of harassment that men who
game are experiencing was not collected and compared.
Future studies should be done in a larger cohort and should
include all genders. Cyber harassment, coupled with a lack
of responsiveness from online platforms, can have serious,
detrimental effects on women’s mental health. Although
mental health is multi-factorial, it’s important for physicians to be aware of their patients who game and the
possible harassment that may be contributing negatively to
their physical and mental health.

References
1. Fitzgerald D. 2020 Essential Facts About the Video Game Industry.
Entertainment Software Association. Accessed July 9, 2021.
https://www.theesa.com/resource/2020-essential-facts/

Abstracts

2. McLean L., Grifﬁths M.D. Female Gamers’ Experience of Online
Harassment and Social Support in Online Gaming: A Qualitative
Study. Int J Ment Health Addiction 17, 970–994 (2019). https://doi.
org/10.1007/s11469-018-9962-0
3. Stevens F., Nurse J., Arief B. Cyberpsychology, Behavior, and Social Networking.Jun 2021.367-376. https://doi.org/10.1089/
cyber.2020.0253

Financial Disclosures: None reported.
Support: None reported.
Ethical Approval: This study was deemed exempt by the
Institutional Review Board at New York Institute of Technology. BHS-1547.
Informed Consent: There were no personal identiﬁers
used according to HIPAA and NIH guidelines, therefore
consent was not required.
+

Poster No.: *C13
Abstract No.: 48
Category: Clinical
Research Focus Area: Impact of OMM & OMT

Assessing usage and perceptions
of osteopathic manipulative
treatment (OMT) and self-identity
among osteopathic physicians
1

Mahima Mangla, OMS-III; 2Saljooq Asif, MS, OMS-II;
2
Soubhana Asif MA, OMS II; 2Michael J. Terzella, DO;
2
Sheldon Yao, DO
1

New York Institute of Technology (NYITCOM); 2Department of Osteopathic Manipulative Medicine, New York
Institute of Technology (NYITCOM)

Context: Understanding viewpoints towards OMT and
degree of OMT usage can identify factors inﬂuencing its
practice.1,2 Given the recent single accreditation, exploring
how osteopathic physicians (D.O.) believe their education
sets them apart can highlight what aspects of osteopathic
training should be maintained.3-5 The notion of stigma
against D.O.s will also be investigated. In doing so, we can
establish how to support positive D.O. self-identity and
even societal perceptions of OMT.
Objective: To explore the degree to which D.O.s were
exposed to OMT in training and currently practice OMT. We
also seek to understand barriers and facilitators to the use
of OMT. Finally, we examine how receiving osteopathic

A61

training might inﬂuence clinical practice, future opportunities, and growth as medical professionals.
Methods: All members of the New York State Osteopathic
Medical Society (NYSOM; N=300) were surveyed on their
use of OMT during training and in present clinical practice.
The survey collected demographic information, perceptions of the osteopathic profession, thoughts on the future
direction of osteopathic medicine, and anecdotal data on
how being a D.O. might have inﬂuenced career advancement. The survey was sent to all members via email using
REDCap. Follow-up efforts included weekly emailed reminders for one month from the ﬁrst send date in June 2021.
Statistical analyses were performed to establish factors
inﬂuencing use of OMT during training and practice.
Results: In total, 22.0% (65/300) of distributed surveys
were completed during the recruitment period. Of the
sample, 49.0% (32/65) practice primary care (family medicine, internal medicine, pediatrics, or geriatrics), 75.0%
(49/65) have been in practice for over 10 years, and 71%
(46/65) completed an osteopathic residency. 80.0% (49/61)
of respondents reported that osteopathic training gave
them an advantage over allopathic counterparts. Next,
57.0% (37/65) reported observing OMT and 78.0% (47/60)
reported utilizing OMT during training. At present, 48.0%
(30/62) of respondents practice OMT. When assessing
barriers to the practice of OMT, 49.0% (27/55) of respondents stated time, 33.0% (18/55) indicated reimbursement, and 25.0% (14/55) noted conﬁdence level in
OMT skills as important reasons preventing use of OMT.
Other barriers include patient population, physical space,
institutional support, and patient and colleague skepticism
about OMT. 54.0% (32/65) of respondents also shared that
their allopathic medical colleagues have expressed interest
in osteopathic principles and techniques. 88% of respondents agreed or strongly agreed to both statements
that that OMT positively enhances the doctor-patient
relationship and yields positive effects on patient health
outcomes. When asked about stigma, 41% (28/65) reported
discrimination due to training as an osteopathic physician.
Analysis of qualitative responses highlights missed professional, teaching, and training opportunities due to respondents’ osteopathic medical degrees. Finally, while
46.0% of respondents agreed or strongly agreed that there
is a stigma associated with osteopathic medicine in the
medical ﬁeld, 31.0% (14/45) disagreed or strongly disagreed with this statement.
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Conclusion: Observation and utilization of OMT were
greater during training then in clinical practice postresidency. Barriers to OMT that were most inﬂuential
included time, reimbursement, and physician conﬁdence
in OMT skills. Most respondents indicated that they found
OMT helpful for patients and noted that it built a therapeutic alliance between patient and provider. Unfortunately, many physicians noted stigma associated with their
medical training. Lack of professional recognition, fewer
hospital privileges, fewer residency sites, and lost teaching
opportunities comprised many of the stated reasons. It is
important to note some limitations of this study. First, there
could be a regional bias as the survey sample was only from
New York. Also our overall sample size is small so our claims
might not extend reliably to a larger sample of osteopathic
physicians. As the osteopathic profession evolves, gleaning
viewpoints towards OMT and osteopathic education from
D.O.s can help shape future efforts to support positive D.O.
identity and maintain what distinguishes the profession.
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Context: With the increased utilization of ultrasound in
the clinical setting today, ultrasound education has rapidly
become integrated in the curricula of medical schools to
assist students in gaining a more holistic understanding of
anatomy. This integration was to enforce and supplement
knowledge of anatomical systems and relationships. The
head and neck are sites for numerous clinical ultrasound
procedures, thus head and neck ultrasound workshops are
an essential component in clinical education.
Objective: To evaluate the effectiveness of two head and
neck ultrasound workshops toward a student’s understanding of this region’s complex anatomy.
Methods: Two ultrasound workshops were developed to
provide students an opportunity to explore the soft tissue
encompassing the orbit—an examination to assess the eye
as well as offer a method to assess increased intracranial
pressure－and the anterior triangle of the neck which includes the carotid artery—commonly scanned using ultrasound to measure stenosis. Both workshops were
developed with the assistance of skilled physicians and
sonographers.
After participating in head- and neck-specific ultrasound workshops, all AZCOM and AZPOD students from
the 2017-2018 and 2018-2019 academic year were emailed
an anonymous survey to gauge their perception of the
utilization of ultrasound examinations. The surveys were
also evaluated on how the workshops aided their holistic
understanding of the relatability of structure and function
in the head and neck anatomy during the gross anatomy
courses in 2017–2018 and 2018–2019 academic years. After
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the collection period, the Likert-style questions were converted to numerical data on a scale of 1 to 5 with 1 being
“strongly agree”, 3 being “neither agree nor disagree”, and
5 being “strongly disagree”. The data was then analyzed
with independent t-tests using SPSS software to determine
if there were differences in perception between those in the
different academic programs or between identified
genders.
Results: The response rate for the survey that was
distributed after the workshop on the orbit for both the
2017-2018 as well as 2018-2019 academic years were 66%.
In general, the respondents overwhelmingly “strongly
agreed” that the ultrasound integration enhanced their
anatomical studies (Likert-style quantiﬁcation of 1.79 with
a standard deviation (SD) of 0.88), prepared them for future
clinical experiences (1.68, SD 0.81), as well as helped them
interpret ultrasounds more conﬁdently (1.59, SD 0.80).
Most students agreed that the ultrasound workshop had
inspired them to do further research on the clinical concerns for the eye (2.41, SD 1.07). There were no signiﬁcant
differences (p>0.05) on any of the questions between the
academic programs or genders.
The response rate for the survey for both academic
years after the anterior neck workshop was 29%. In general, the respondents overwhelmingly “strongly agreed”
that the ultrasound integration enhanced their anatomical
studies (1.57, SD 0.69), prepared them for future clinical
experiences (1.52, SD 0.64), as well as helped them interpret ultrasounds more confidently (1.41, SD 0.65). Most
students agreed that the ultrasound workshop had
inspired them to do further research on the clinical concerns for the eye (2.30, SD 1.00). There were no significant
differences (p>0.05) on any of the questions between the
academic programs. Female students more strongly agreed
that the carotid artery assessment workshop led them to
further clinical investigation on their own than male students (1.94, SD 0.83 vs 2.50 SD 1.06; p=0.006).
Conclusion: The integration of ultrasound in the head and
neck gross anatomy curriculum was greatly supported by
both genders of osteopathic and podiatric medical students as a supplemental tool to strengthen their understanding of the complex nature of regional anatomy and its
clinical correlations. These students felt that utilizing this
technology while exploring this region will be useful in
their future practice in the clinical settings. This study was
conducted collecting subjective data via survey results and
was limited to a single medical school, paving the way for
further investigation into whether ultrasound workshop
integration in gross anatomy is correlated with improved
test scores. Overall, this study provides signiﬁcant evidence that ultrasound workshops can be integrated with
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the gross anatomy courses in medical schools to provide
students with a more holistic understanding of the head
and neck.
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Context: Osteopathic medical students (OMS) continue to
pursue medical specialties outside of primary care.1,2 One
factor crucial to OMS pursuing these ﬁelds is COMLEX
Level 1/USMLE Step 1 scores. With changes to pass/fail
grading of these exams, it is unknown how this may affect
OMS. Studies have shown that factors such as medical
school hospital afﬁliations, mentorship, and research will
become increasingly important, potentially putting OMS
interested in these ﬁelds at a disadvantage.3,4
Objective: To investigate differences in perceived barriers
of OMS applying to residency between residents and current medical students before the new COMLEX Level 1 and
USMLE Step 1 pass/fail grading format. Results from this
study can serve as a tool for medical school administrators
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to better advise OMS when applying to residency in the
future and aid in the development of a curriculum that
enhances OMS interests.
Methods: This is a cross-sectional study of OMS from the
classes of 2022 - 2024 and recent medical school graduates
from New York Institute of Technology College of Osteopathic Medicine (NYIT-COM) from both the New York and
Arkansas campuses. From March-June 2021, 1,525 OMS
and recent graduates were asked to complete a survey
regarding perceptions of factors that impact medical students’ ability to match into their desired residency
program. Following the initial email, three follow-up reminders were sent to all participants. The survey was
administered electronically on Red Cap (Nashville) and
institutional review board (IRB) approval was obtained
from NYIT-COM. The survey consisted of 49 questions
covering aspects of the residency application including
residency interest, medical board exam results, clinical
grades, mentorship, medical school reputation, clinical
afﬁliations of the medical school, and research. Responses
were rated on a 4-point Likert scale ranging from 1
(“strongly disagree”) to 4 (“strongly agree”). Other variables such as demographics, board exam scores, and
match year/anticipated match year were also collected.
Respondents from the classes of 2022 - 2024 were labeled as
“Prospective” and respondents from the classes of 2021 and
earlier were labeled as “Retrospective” having already
matched into a residency program. Statistical analyses
were calculated using IBM SPSS, ver. 27 and p-values less
than or equal to 0.05 were considered signiﬁcant.
Descriptive statistics for categorical variables are reported
as absolute frequencies/percentages and were analyzed by
a chi-square test. Continuous variables are reported as
medians/interquartile ranges and are analyzed by a student’s t-test. This study is important for the osteopathic
medical community to gain a better understanding of factors that OMS perceive as being important to the residency
match process and to allow medical schools to better cater
curriculums towards OMS needs.
Results: A total of 221 completed surveys were received
(15% response rate) with 35% of responses being from the
Prospective group and 65% of responses from the Retrospective group. Respondents were split almost evenly between male (49%) and female (51%) with the distribution of
males and females in both the Prospective and Retrospective groups being nonsigniﬁcant. The majority of respondents were White (61%), Asian (25%), or Black (5.0%)
and 3.6% were Hispanic or Latino. When comparing perceptions of various factors that inﬂuence OMS residency
decisions between Prospective and Retrospective groups,
both groups found USMLE Step 1/COMLEX Level 1 (82% vs.

84%; p= 0.84) and USMLE Step 2/COMLEX Level 2 (78% vs.
94%; p=0.20) as being important factors in an individual’s
ability to match. Both groups agreed that pass/fail USMLE
Step 1/COMLEX Level 1 would have put them at a disadvantage to match to their residency of choice (49% vs. 59%;
p= 0.19) with the majority of respondents agreeing that this
change will make the medical school attended and its
hospital afﬁliations more important when matching to a
residency program (93% vs. 92%; p= 1.00). The majority of
the Prospective group agreed their institution helped them
ﬁnd a mentor in their ﬁeld of interest (64% vs. 16% in
Retrospective, p<0.05) and had a research mentor (57% vs.
34% in Retrospective, p<0.05). The majority of the Prospective group also agreed that the number of publications
on their residency application was important to match at
their residency of choice, while less than half of the
Retrospective group agreed (66% vs. 41% in Retrospective,
p<0.05). No signiﬁcant differences were found between the
Prospective and Retrospective groups perceiving boards
scores, clinical grades, school afﬁliations, school reputation, Sigma Sigma Phi status, and clinical exposure as
being important factors that inﬂuence students’ decision to
pursue a particular residency.
Conclusion: Our study conﬁrms that in light of a pass/fail
COMLEX Level1 and USMLE Step 1, there has been a shift in
the factors that are perceived as important for residency by
current and future OMS as compared to graduates. The most
signiﬁcant differences included the perceptions of research
and mentorship, with more of the Prospective group
agreeing these factors are important when deciding which
residency to apply to. We speculate that this difference can
be attributed to the recent change to a pass/fail COMLEX
Level 1 and USMLE Step 1 with both groups agreeing board
examination scores are an important component when
choosing a residency and this change would have or will put
them at a disadvantage with the residency match process.
Because these scores will no longer be part of their decisionmaking process for choosing a residency, other factors such
as COMLEX Level 2 and USMLE Step 2, which both groups
agreed were important, as well as mentorship, research, and
hospital afﬁliations will become increasingly important to
OMS based on these preliminary results. This study had
several limitations. First, it was administered to only one
medical school and its branch campus and excluded the
opinion of allopathic medical students. Second, this study
did not include perceptions of residency directors. Future
studies comparing both allopathic and OMS as well as
opinions from residency directors should be evaluated to
determine the implications of a pass/fail USMLE Step 1 and
COMLEX Level 1. We believe this study may encourage
osteopathic medical schools to establish formal mentorship
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programs for OMS and arrange for students to participate in
research electives to improve their chance of securing their
residency of choice.

References
1. Dogbey GY, Collins K, Russ R, Brannan GD, Mivsek M, Sewell S.
Factors associated with osteopathic primary care residency choice
decisions. J Am Osteopath Assoc. 2018;118(4):225-233. doi: 10.
7556/jaoa.2018.046
2. Cummings M. Osteopathic students’ Graduate Medical Education
aspirations versus realities: The relationship of osteopathic
medicine and primary care. Acad Med. 2016;91(1):36-41. doi: 10.
1097/ACM.0000000000000892
3. Ehrlich H, Sutherland M, McKenney M, Elkbuli A. Implications of the
United States Medical Licensing Examination Step 1 examination
transition to pass/fail on medical students education and future
career opportunities. Am Surg. Published online 2020:313482
0973382. doi: 10.1177/0003134820973382
4. Goshtasbi K, Abouzari M, Tjoa T, Malekzadeh S, Bhandarkar ND.
The effects of pass/fail USMLE Step 1 scoring on the otolaryngology
residency application process. Laryngoscope. 2021;131(3):
E738-E743. doi: 10.1002/lary.29072

Financial Disclosures: None reported.
Support: None reported.
Ethical Approval: Our study was reviewed and deemed
exempt by the NYITCOM IRB committee. IRB number:
BHS-1629
Informed Consent: Informed consent was not needed for
this study.
Poster No.: *C16
Abstract No.: 55
Category: Clinical
Research Focus Area: Osteopathic Philosophy

Factors Influencing Osteopathic
Medical Students’ Decision to
Pursue a Surgical Specialty
1

Katherine Keever, OMS-III; 2Risa Kiernan, OMS-III; 2Ashley
Monaco, OMS-III; 2Maria Pino, PhD; 2Gregory Saggio, DO
1

New York Institute of Technology (NYITCOM); 2Department of Clinical Specialities, New York Institute of Technology (NYITCOM)
Context: Classically, the osteopathic medical profession
has trained students towards primary care careers. Previous studies found clinical exposure as a key factor in
osteopathic medical students (OMS) decision to focus on
primary care. However, there are OMS who end up
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applying to surgical specialties. Studies on allopathic
students have shown clerkships and mentorship as
important for pursuing surgical specialties. It is unknown
what factors are important to OMS pursuing surgical
specialties.
Objective: To investigate perceived barriers of OMS
applying to or already matched to surgical residency programs compared to those in non-surgical programs. These
barriers are important to explore as while osteopathic
medical schools classically train students to primary care
careers, some OMS do apply to surgical specialties. This
study can potentially serve as a tool to the medical school
administration to better serve this cohort of OMS needs.
Methods: From March to June 2021, 1,525 students from an
osteopathic medical school and its branch campus were
emailed to ﬁll out a questionnaire on their perceptions of what
factors inﬂuence their ability to match into their residency
choice. Participation was voluntary and the email was sent to
third and fourth year OMS as well as graduates. The survey
was administered electronically on the anonymous and
secure web application RedCap. Three follow-up reminders
were sent to the participants. Institutional review board (IRB)
approval for this cross-sectional study was obtained from the
New York Institute of Technology’s IRB. The questionnaire
consisted of 49 questions and covered aspects of the residency
application based on a review of the literature. Questions
included residency interest, boards scores, clinical grades,
mentorship, hospital afﬁliations, and research. Responses
were rated on a 4-point Likert scale ranging from 1 (“strongly
disagree”) to 4 (“strongly agree”). Other variables such as
demographics and year of match or anticipated match were
also collected. Respondents were divided into Surgical and
Non-Surgical groups with Surgical specialties including general, orthopedic, otolaryngology, neurological, thoracic,
plastic, urological, and vascular surgery as well as obstetrics
and gynecology. Statistical analyses were calculated using
IBM SPSS ver. 27, and p values 0.05 were considered signiﬁcant. Descriptive statistics for categorical data were reported
as absolute frequencies/percentages and analyzed by a chisquare test. Continuous variables are reported as medians/
interquartile ranges and are analyzed by a student’s t-test.
Currently there is no literature that explores an osteopathic
medical students’ decision to pursue general surgery or a subsurgical specialty. By obtaining this data, we hope that it will
be used to better inform both OMS and osteopathic medical
schools on what is needed to prepare for residency.
Results: A total of 221 completed surveys were received
(14.5%) response rate with 77% of respondents being
labelled as non-surgical and 23% being labelled as surgical. Respondents were split almost evenly between male
(49%) and female (51%) with the distribution of males and
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females being uneven in the surgical group, with 67% of
respondents being female. Distribution of females in the
non-surgical group was 47%. The majority of respondents
were White (67%), Asian (55%), or Black (5%), and 3.6%
were Hispanic or Latino. Both surgical and nonsurgical
groups found their clinical rotations important in their
decision to pursue their residency (96% vs. 89%; p=0.18)
with both groups having moderate interest in their specialty before starting medical school (67% vs. 58%;
p=0.26). USMLE Step 1/COMLEX Level 1 scores were
important to both groups (87% vs. 81%; p=0.51) with
USMLE Step 2/COMLEX Level 2 scores being more important to the surgical group (94% vs. 76%; p<0.05). Additionally, surgical group was more likely to take both
USMLE and COMLEX compared to the non-surgical group
(88% vs. 67%; p<0.05). Both groups thought having a
mentor in the ﬁeld they applied to would be helpful (100%
vs. 96%; p=0.20) with 55% of the surgical and 45% of the
non-surgical (p=0.21) having a mentor and 45% surgical
and 32% non-surgical (p=0.14) unable to ﬁnd a mentor. The
ability to do research was more important to the surgical
group (89% vs. 67%; p<0.05) with the ability to publish
papers more important to the surgical group (71% vs. 44%;
p<0.001). Both groups believed that hospital afﬁliations
with their school were important (56% vs. 63%; p=0.50).
Conclusion: Our study shows that for surgical versus nonsurgical OMS, there were clear differences in perceived
barriers to matching to their preferred specialty. Unsurprisingly, students interested in surgery weighted board
examinations and research as more important than nonsurgical specialties. While both groups found USMLE Step
1/COMLEX Level 1 scores to be important, the surgical
group perceived USMLE Step 2/COMLEX Level 2 to be
important for matching to their preferred residency specialty. Likewise, the surgical group perceived the ability to
do research as well as the number of publications they
author to be important when compared to the non-surgical
group. Consistent with studies previously conducted on
OMS in primary care ﬁelds as well as allopathic students in
surgical ﬁelds, mentorship and clinical experience were
perceived as important to both groups. This study had
several limitations including that the survey was only
administered to OMS at one school and its branch campus.
Additionally, there were less surgical respondents then
non-surgical respondents which is to be expected at an
osteopathic medical school. Interestingly, there were more
female than male surgical respondents despite the fact that
there are more male versus female surgical residents,
potentially contributing to a selection bias in our results.

Despite these limitations, this study highlights how osteopathic medical schools can better serve the needs of OMS
applying to surgical specialties by allowing OMS to
potentially participate in research electives as well as the
student body as a whole by establishing mentorship programs to improve OMS ability to match to the residency of
their choice.
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Context: Palpation is a complex skill for beginning medical personnel to learn. Standardization of palpation is
difﬁcult as pressures exerted during an abdominal exam
are unknown without the use of pressure sensors (Hyde
et al, 2012). There is a lack of research in standardizing
pressures, however, one current manuscript has a similar
protocol. The limitation of that research was that it had
only one physician using an alternative pressure sensor on
limited subjects (Hsu et al., 2020).
Objective: To know typical pressures that are applied
while performing an abdominal exam will create a
normative database and could be valuable for the instruction of this skill. Not knowing this can easily result in
misdiagnosis from beginning medical personnel until they
acquire a normative database for the pressures needed to
accurately perform the exam (Frellick et al., 2021).
Methods: Thirty-four physicians were recruited to palpate
the abdomen of subjects with varying body mass indices
(BMI): normal, overweight, and obese. The physicians were
consented and instructed to complete a survey that identiﬁes the following factors: gender, years in practice,
physician specialties, location of training, and hand
dominance. Eighteen subjects were recruited and prescreened to ensure there was no history of various
abdominal disorders or prior surgeries. The pressures
exerted during the abdominal exam were quantiﬁed with
Novel LoadPad sensors attached to the palpating hand
while examining the four abdominal quadrants, liver,
spleen, and kidney. Pressure readings were plotted against
varying gender, length of time in practice, physician specialties, US-trained vs non-US-trained physician examiners, and subject BMI. Statistical analysis was completed
using Two-Tailed T-tests and Analysis of Variance
(ANOVA). Normal distribution curves were formulated
using Excel software. By quantifying pressures used during
an abdominal examination, we are creating normative data
that can be used when evaluating pressures used during
visceral manipulation.
Results: The range of pressures used to palpate lightly was
8.8 ± 3.4N, liver 17.0 ± 8.2N, spleen 16.5 ± 7.3N, and kidney
17.6 ± 7.7N. There was no difference between men and
women when palpating lightly in the four quadrants or
kidneys. However, women used lighter pressure when
evaluating the liver and spleen, trending toward signiﬁcance. When evaluating pressures generated during
palpation, the years in practice showed no difference for
light four-quadrant, spleen, or kidney evaluation, but a
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signiﬁcant difference (p= 0.028) when palpating the liver.
Generally, the longer a physician is in practice, the less
pressure is used. When evaluating the data based on
clinical specialty, those specialized in Osteopathic Neuromuscular Manipulative Medicine (ONMM) tended to use
lighter pressures. There was a statistically signiﬁcant difference in pressure used for palpation based on whether a
physician did their training in the US or abroad when
assessing the spleen (p=0.03). Non-US-trained physicians
used lighter pressures than US-trained physicians. There
was no distinction for light palpation in four quadrants or
spleen in subjects regardless of their BMI, but did show a
trend for less force applied for the liver and kidney evaluation for those subjects with normal BMI.
Conclusion: There is a wide range of pressures used when
performing an abdominal exam. The results acquired
during this study confounds recommendations for teaching methods for those in the healthcare profession. This
suggests a need for more speciﬁcity of pressures when
performing an abdominal examination. Women, ONMM
specialists, and non-US based-trained physicians tended
to use lighter pressures, regardless of subject BMI. The
limitations of this study include the narrow variation of
BMI of the subjects, the limited number of subjects evaluated per physician participant, few participants in various
specialties, such as those who are in pediatrics, surgery,
and emergency medicine, and uncertainty as to whether
the organ in question was truly palpated. Future studies
could be conducted utilizing ultrasound technology to
determine when the organ is being contacted by the
physician. A larger-based study that includes more variety
in physician specialty and more variability in subjects
could alleviate these limitations.
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of motor function in PD (MDS-UPDRS-part 3), sensory
organization testing (SOT), and activities of daily
living in PD (PDQ39) is part of an IRB-approved (BHS
975) randomized controlled trial of OMM for motor
function and balance in PD.3 Of the 33 individuals
participating in the trial, 10 subjects with a Hoehn &
Yahr of 2 were selected. Their pre-intervention OCN
serum levels were analyzed by Life Extension-Labcorp.
Serum OCN was statistically tested for Spearman’s
correlation (2-tailed p-value) with demographics and
functional measures.
Results: The mean age was 67.4 (±5.5) years. Participants
had PD for 1-17 years and were 80% male; 20% female.
Mean serum OCN was 16 (±7.8) ng/ml. Serum OCN correlations were age rs =-0.1515 (p= .676), BMI rs=-0.1849
(p=.634), MDS-UPDRS-part3 rs=0.7699 (p=.015), SOT
rs=0.1982 (p=.670), PDQ39 rs=0.2833 (p=.460) and the
number of years having PD rs=0.2594 (p=.500).
Conclusion: Serum OCN levels were within the established
lab reference range for healthy individuals. Serum OCN
signiﬁcantly, positively correlated with severity of motor
function impairment. This subset of participants came
from a study in which there was signiﬁcant improvement
on MDS-UPDRS-part 3 in the OMM group. The lack of correlation to activities of daily living in PD and balance
suggests that these would not be confounding variables in
serum OCN if used as a biomarker for mechanical stress
into bone during OMM. Further analysis is required to
determine if release of OCN was part of the therapeutic
effect.
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Context: Osteocalcin (OCN) is secreted by osteoblasts to
facilitate bone development and remodeling in response to
mechanical stress. It also stimulates anabolic processes
such as improvement in age-related nervous system
decline in humans.1 Treatment with OCN was protective
against neurodegeneration in a Parkinson’s disease (PD)
rat model.2 Although OCN may be a useful biomarker of
bone stimulation by osteopathic manipulative medicine
(OMM) in PD, serum OCN has not been studied in PD.
Objective: To determine if OCN levels in individuals with
PD are associated with disease-severity.
Methods: This observational cross sectional study of
correlations of OCN to validated assessment of severity
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Context: As of June 24, 2021, 177,866,160 cases of
SARS-CoV-2 infection had been reported globally with an
overall mortality count of 3,857,974.1 A combination of
therapies are administered to hospitalized patients to
mitigate disease progression. One treatment, convalescent
plasma (CP), may reduce mortality and appears safe.3
Limitations in the availability of convalescent plasma
has required community hospitals to seek multiple suppliers of CP. Thus, neutralizing antibody levels are of
varying titer.
Objective: To determine if CP containing high titer of
neutralizing antibodies was associated with better clinical
improvement in hospitalized patients with SARS-CoV-2
infection when compared to those received low titer.
Methods: A retrospective chart review of all patients
administered CP for nucleic acid positivity of SARs-CoV-2
via a nasopharyngeal sample from November 2020 to June
2021 was conducted. Neutralizing Antibody (NAb) titer of
was determined via anti-SARS-CoV-2 IgG chemiluminescent immunoassay.2 CP was then categorized as High titer
(HT; IgGNAb>1;1000) or Low titer (LT; IgGNAb <1:1000).
Patients were then matched on demographics and comorbidities to patients receiving LT CP. Primary outcome was
deﬁned 28-day mortality. Secondary outcomes were;
number of days hospitalized, 28-day readmission, and
28-day admission to the ICU. The results are were assessed
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for signiﬁcance with the chi-squared and Mann-Whitney
test.
Results: A total of 62 participants, 31 in each cohort, were
included in the ﬁnal analysis and 54.5% (34/62) were female. A minority of patients were transferred to the ICU
21.0% (13/62) or expired 19.4% (12/62). The median age of
patients enrolled in the study was 64.5 years old; (58-75.25).
The most common comorbidity was hypertension 30/62
(48.4%), followed by obesity 38.7% (24/62). No signiﬁcant
difference between HT and LT cohorts was detected for age
(p=0.667), body mass index (p=1.000), or multiple
comorbidities (p=0.799). Patients administered HT CP had
a median length of stay in the hospital of 5 days (4-8) while
patients receiving LT CP had a median length of stay of
8 days (5-18) (p=0.034).
Conclusion: Of the participants who received convalescent plasma upon hospitalization with a diagnosis of
SARS-CoV-2, high titer of NAb should be preferred over
convalescent plasma with low titer. The reduction in hospital length of stay may extend to other rural community
hospitals.
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Context: Most osteopathic medical schools teach students
intersegmental motion testing as a part of diagnosing somatic dysfunctions of the spine. Previous studies have
investigated the palpatory skills of medical students in a
transverse plane using a static lumbar spine model.1 One
way in which students can learn and practice palpatory

skills is through the use of 3D printed models.2 Many pathologies and examples can be printed, reducing cost and
time needed to train students.
Objective: To design and validate an improved instructional model to teach intersegmental diagnosing using a
3D printed rotational lumbar spine.
Methods: Using a 3D printer, a lumber spine was constructed. A layer of dense foam and artiﬁcial silicone skin
was placed overlying the 3D printed spine to simulate the
texture of muscles and skin. These segments were ﬁxated
using a bronze stud that travelled through the body of each
segment to allow for rotation in a transverse axis of each
segment. For the purpose of the study, washers were used
between the segments to mimic the joint space of each
segment. Additionally, facet joints were cut to allow independent rotation of each segment rather than introducing group mechanics of the entire model.
Springs and threaded rods were mounted onto the
transverse processes of each segment. Nuts were placed on
the front and back of the threads as they were mounted into
the framework. Segments were placed at 0mm, 2mm,
4 mm, 6 mm, and 8mm of asymmetry based on the
measured amount of thread behind the mounted structure,
with 0 mm serving as a control. Segments and rotation (left
or right) were assigned randomly for two different sessions.
First, second-, and third-year medical students were
invited to participate in the study with no exclusion
criteria. Students were instructed to determine the orientation of the lumbar segments based on rotation and filled
out a survey to calculate results. Two trials were completed
with randomization of segment rotation for each trial. 82
students participated in the first trial, and 33 students
participated in the second trial. An ANOVA was used to
determine which segment was considered significant
compared to the control. A two-way ANOVA was used to
determine significance in relation to OMS status or gender.
This study holds osteopathic significance as its goal is to
validate a lumbar spine model for students to use in the
future to practice palpatory skills.
Results: A total of 115 trials (87 OMS I, 25 OMS II, 3 OMS III)
were performed with no exclusions. GraphPad Prism version
9.1 was used for statistical analysis. The ratio of correct to
incorrect identiﬁcation of rotation at 0 mm, 2 mm, 4 mm,
6 mm, and 8 mm were 0.51 +/- 0.046, 0.27 +/- 0.042, 0.25 +/0.040, 0.34 +/- 0.045, and 0.46 +/- 0.047, respectively. A
One-way AVOVA with a Dunnett post-hoc test was used to
compare statistical difference from the 0 mm control
revealing 2 mm (p=0.0008), 4 mm (p=0.0001), and 6 mm
(p=0.0298) were statistically signiﬁcant. The 8 mm segment
was not statistically signiﬁcant (p=0.82) compared to the
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control. A two-way ANOVA was not signiﬁcant when
comparing OMS I and II years (p=0.29).
Conclusion: The goal of this study was to determine if a
more accurate model could be developed to better teach
students the principles of osteopathic manipulative medicine as related to intersegmental motion testing of the
lumbar spine. When polling OMS I, II and III students with
two different trials, a total of 115 students performed the
experiment with no ﬁnal exclusion criteria. When
compared to the control, students were just as likely to
determine rotation of a spinal segment at 8 mm of rotation.
Students did not perform as well when segments were
rotated at 2 mm, 4mm and 6 mm as determined by a oneway ANOVA.
Many limitations were witnessed throughout the trials
of this study. Correct location of landmarks was the largest
challenge experienced by students as there was no guidance given for the location of the segments within the
apparatus. Additionally, the level of interest was varied
among different cohorts of students based on the time of
the year that the study was conducted.
Future research is expected to be performed to investigate some of these limitations to include; telling students
where to palpate the transverse processes, removal of the
muscle and skin layer to introduce more of a layered
palpation approach to the model, and to be performed
blindfolded.
This study was used to determine the amount of rotation needed for future models to be calibrated and appropriately allow students to learn how to palpate.
Additionally, a validated model could be explored in
clinical encounters or simulation settings for students to
use.

References
1. Snider EJ, Pamperin K, Pazdernik V, Degenhardt BF. Inﬂuence of
transverse process landmark localization on palpation accuracy
of lumbar spine models. Journal of Osteopathic Medicine.
2018;118(3):151-158. doi:10.7556/jaoa.2018.034
2. Han M, Portnova AA, Lester M, Johnson M. A do-it-yourself
3D-printed thoracic spine model for anesthesia resident simulation. Meyer MJ, ed. PLoS ONE. 2020;15(3):e0228665. doi:10.
1371/journal.pone.0228665

Financial Disclosures: None reported.
Support: None reported.
Ethical Approval: Reviewed and approved. IRB#
HS210128–EX

A71

Informed Consent: Consent was obtained from each
participant with an option to withdraw at any given time.
Poster No.: *C21
Abstract No.: 75
Category: Clinical
Research Focus Area: Chronic Diseases & Conditions

Inflammatory Bowel Disease:
Genitourinary Complications in a
Cross-Race Analysis
1

Jake Herbert, OMS-IV; 1Landen Burstiner, OMS-IV; 1Ralﬁ
Doka, OMS-IV; 2Emily Teeter, BS; 3Amor Royer, MD; 3Anna
H. Owings, DO; 4Julia Liu, MD; 5Sarah C. Glover, DO; 5Pegah
Hosseini-Carroll, MD
1

Nova Southeastern University Dr. Kiran C. Patel College of
Osteopathic Medicine (NSU-KPCOM); 2College of Liberal
Arts and Sciences, University of Florida; 3Department of
Internal Medicine, University of Mississippi Medical Center; 4Division of Gastroenterology, Morehouse School of
Medicine; 5Department of Digestive Disease, University of
Mississippi Medical Center
Context: Inﬂammatory Bowel Diseases (IBD), like ulcerative colitis (UC), are associated with numerous
extra-intestinal manifestations (EIM). Commonly studied genitourinary (GU) EIM’s found in Crohn’s disease
(CD) include urolithiasis, urinary tract infections
(UTI’s), and cystitis.1 Literature reviewed for this study
identiﬁes an increased association of CD and urolithiasis
against the general population.2 The rate of GU comorbidities has not been well characterized in cross-race
analyses.
Objective: To establish the proliferation of common GU
comorbidities in CD and UC and to further determine at
what rate these affect the African American (AA) and
Caucasian (CA) populations.
Methods: This is a retrospective cohort study using data
collected from a research data base that included 6 integrated, tertiary healthcare facilities from 2012 to 2020.
The electronic chart records for 3104 CA and AA IBD patients were reviewed for incidences of urolithiasis, UTI,
and cystitis via diagnosed ICD-10 codes. Comparison
between data groups was made using t-tests and chi
square tests.
Results: Our study included 3,104 patients of which 38%
were AA, 59% female, and 43% diagnosed with UC. Similar
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proportions of UC and CD diagnosed patients developed
urolithiasis (6.0% vs 6.7%, p= 0.46), as well as cystitis and
UTI’s (5.6% vs. 4.3%, p=0.11; 14.0% vs. 12.9%, p=0.35,
respectively). Additionally, ﬁstula formation in CD was
associated with a 2.80 times greater chance of UTI’s (95%
CI 2.077-3.785, p<0.001). Similar proportions of AA and CA
patients developed urolithiasis (5.5% vs 7.0%, p= 0.09)
with AA’s showing a higher risk of developing UTI’s and
cystitis (17.0% vs 11.1%, p=<0.001; 6.2% vs 4.0%, p= 0.006,
respectively).
Conclusion: This study found that there were similar
rates of urolithiasis formation in both UC and CD.
Furthermore, these rates were not signiﬁcantly different
between AA and CA IBD populations. This could potentially represent that patients with UC have a similarly
elevated risk of urolithiasis as those with CD. Further
studies of patients with UC against a demographicmatched control cohort would help to clarify these ﬁndings. Additionally, there were similar rates of UTI’s and
cystitis formation in both UC and CD. However, AA’s with
IBD have a signiﬁcantly higher burden of UTI and cystitis
complications as compared to their CA cohorts. This
could possibly be due to health disparities between the
AA and CA populations. These ﬁndings suggest physicians should be vigilant about screening all IBD patients
with renal dysfunction for urolithiasis and UTI’s to prevent severe complications like renal failure and sepsis.3
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Context: This project will illustrate a modiﬁed Charlson
Comorbidity Index (CCI) and it’s use in the mortality correlation of trauma patients in a level 2 trauma center. The
original CCI was updated to ﬁt the demographic proﬁle of
the patients admitted to the trauma center. The update
includes an increased comorbidity proﬁle and numerical
weighted system. This modiﬁed CCI may aid in identifying
areas of improvement for comorbid conditions and trauma
outcomes.
Objective: The primary objective of this study is to develop
a modiﬁed CCI that takes into account multiple comorbidities that can affect trauma patients.
The secondary objective is to utilize the modified CCI to
predict mortality.
Methods: This is a retrospective cross sectional study of
4,391 trauma patients at level 2 trauma center St.
Barnabas Hospital in Bronx, New York. Patients who were
dead on arrival were removed from the data set. The creation of the modiﬁed CCI began with the original CCI’s
framework. Additional comorbidities found within the
trauma database were incorporated based on similarities
to previously included comorbidities. The weighting
system was retained in order to place emphasis on
potentially more severe comorbidities. A total of 15
comorbidities were added to the original CCI creating the
modiﬁed one.
Using SPSS (IBM Version 26), a binomial logistic
regression was run to determine the association between the
modified CCI and outcome of death. The Hosmer-Lemeshow
test was used to assess goodness of fit of the single-predictor
model, while the odds ratio was a determinant of the association. Column proportion tests were used to determine if a
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relationship exists between the modified CCI and outcome
of death, and if there are intergroup differences. Modified
CCI groups were developed based on the original CCI
(mild=1–2; moderate=3–4; and severe=≥5).
Results: The modiﬁed CCI is associated with an outcome of
death (Chi-squared=38.23, p<.001). The model based solely
on modiﬁed CCI is a good ﬁt for the data (HL=14.32, p<.05).
Modiﬁed CCI could be used as an independent predictor of
death for trauma cases at SBH based on available data,
however the model is only a moderate classiﬁer with an
auROC of .635 (95% CI: 0.583, 0.687). Column proportions
were signiﬁcant for Moderate and Severe vs Mild, but there
was not a signiﬁcant difference between moderate and
severe.
Conclusion: The modiﬁed CCI has promise when incorporated into trauma mortality prediction. Modiﬁcation of
the weighting system and the expansion of the original
CCI illustrates a positive correlation with an outcome of
death in the trauma patients. Additionally, the modiﬁed
CCI allows for appropriate categorization of comorbidities
that inﬂuence patient prognosis. Changing the severity
scale to combine moderate and severe could result in a
better predictor. Evaluation of the modiﬁed CCI can be
assessed as a predictive measure for mortality by incorporation into existing trauma metrics (i.e., TRISS) or in a
new predictive model. A comparison study between the
original CCI and modiﬁed CCI is necessary to conclude the
signiﬁcance of changing the metric. This initial study
demonstrates the possible utility of the CCI in improving
trauma patient outcomes in the hospital service area,
highlighting the abundance of comorbidities affecting the
local population.
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Context: Coronaviruses are among the common acute
respiratory infections that children acquire. The differences in how the subtypes of Coronavirus present clinically
and the complications patients experience when infected
with them have not been characterized thoroughly. This
study delineates the clinical presentation, disease severity,
and demands of care associated with each of the ﬁve
Coronavirus subtypes commonly seen in the pediatric
population.
Objective: 1. Describe and analyze how Coronavirus subtypes (OC43, 229E, NL63, HKU1, and SARS-CoV-2) vary in
clinical presentation and disease outcome in pediatric
patients.
2. Analyze respiratory support required, length of stay,
and potential complications in regards to each Coronavirus
subtype.
3. Analyze each viral subtype to determine any predisposition to having a more severe course of infection,
requiring admission to Pediatric Intensive Care Unit
(PICU).
Methods: This retrospective, observational study conducted in a single hospital center reviewed 85 pediatric
patients who were admitted over the period from 10/01/
2016 - 07/07/2021 to the pediatric ward or PICU at Spartanburg Medical Center with a Coronavirus subtype. The
subtypes reviewed include: OC43, 229E, NL63, HKU1, and
SARS-CoV-2. The criteria for inclusion in the study was a
diagnosis of the before mentioned Coronavirus Subtypes in
patients under the age of 18 years. The presence of the virus
was conﬁrmed with polymerase chain reaction based
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testing, speciﬁcally the FilmArray Respiratory panel which
identiﬁes common viral and bacterial pathogens that cause
upper respiratory infections. The patients in this study
were identiﬁed through data management software and
stratiﬁed by Coronavirus subtype in order to perform data
analysis. By doing so, the following data was collected:
Coronavirus subtype (OC43, 229E, NL63, HKU1, and
SARS-CoV2), demographics (age, gender, race, zip code),
month of patient diagnosis, exposure risk, signiﬁcant past
medical history (prematurity, immunodeﬁciency, congenital disease, etc), type of hospital admission (pediatric
ward or PICU), length of hospitalization stay, initial clinical
presentation, concomitant infection in addition to coronavirus (other viruses detected), clinical management,
complications during time of stay, and patient outcome
(discharge, transfer to higher level of care, death). The data
was then analyzed to determine patterns among the ﬁve
Coronavirus subtypes.
Results: The data collected shows that 31.6% of patients
across all Coronavirus subtypes presented with nonspeciﬁc
upper respiratory symptoms. Of the patients in Coronavirus
subtype NL63, 17% presented with croup symptoms. The
most widely recognized concomitant infections among all
subtypes were Respiratory Syncytial Virus (RSV) and
rhino-/enterovirus. The most frequently diagnosed subtype over the study period was OC43. Subtype OC43
resulted in 30 % PICU admissions, resulting in greater
patient management demands.
Conclusion: This retrospective, observational study
conducted within a single hospital center contributes to
understanding the presenting symptomology and severity
of the Coronavirus subtypes within the pediatric population. Conducting additional studies using an increased
sample size within multiple hospital facilities would be
beneﬁcial in supporting the data obtained and contribute
to further understanding of the clinical course of these
subtypes.
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Context: Repeatedly, the adverse childhood experience
(ACE) scale signiﬁcant predicts poor health outcomes. High
ACE scores are associated with obesity, Type 2 Diabetes
Mellitus (T2DM) and decreased longevity.1-4 In 2009, the
World Health Organization called for more ACE research
in developing countries. Since, research has targeted
impoverished and rural communities; yet 10 years later no
South American data exists. We seek to evaluate ACE association with HbA1c in select Lima, Peru neighborhoods.
Objective: Research Question: Is there a correlation between glycosylated hemoglobin (HbA1c) and adverse
childhood experience (ACE) score in resource poor communities of semi-urban Lima, Peru?
Objective: To examine the relationship between selfreported ACEs and finger-stick HbA1c in a population not
previously assessed
Aim 1: To establish ACE prevalence and type disclosed
in current sample
Aim 2: To assess relationship of ACE score and T2DM
based on HbA1c
Aim 3: To inform patient-centered, holistic care
Methods: Between July 8-18, 2018 data was collected from
individuals who presented for care at the Ohio University
Heritage College of Osteopathic Medicine (OUHCOM)
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medical brigade in ﬁve resource poor communities in Lima,
Peru. Clinic location and dates were discussed in community worship centers and spread by word of mouth. Our
study stemmed from a longitudinal program which visits
these communities yearly allowing for growth in community trust and participation. Subjects were consented
adults (n=318; 18-89 yrs) with baseline variables of age,
gender, BMI, and past medical history collected. A modiﬁed ACE module derived from the Behavioral Risk Factor
Surveillance Survey was self-administered in Spanish.
HbA1c was determined by ﬁnger-stick with standard Center
for Disease Control (CDC) cut-off points used for diabetic
and BMI (body mass index) categories. BMI was calculated
as kg/m2. Incomplete ACE surveys were excluded from
data analysis. Descriptive and inferential statistical analysis was conducted using SPSS with univariate t-tests and
Pearson Correlation Coefﬁcient administered. The relationship between HbA1c and ACE score was evaluated in
efforts to better understand and promote patient-centered
care based on the four tenets of osteopathy.
Results: Our investigation failed to show a relationship
between ACEs and health outcomes previously found in
other resource poor communities. When controlling for
BMI, sex, and age, there was no statistical signiﬁcance
between ACE scores and risk of T2DM (r=.09). Nor was there
statistical signiﬁcance between ACE and BMI (r=0.1) or BMI
and HbA1c (r=0.21). Greatly limiting analysis, sample size
was reduced from n=471 to n=318 after removing incomplete ACE surveys. Of the ten questions asked on the
modiﬁed survey, domestic violence in the home (42.8%)
and physical or emotional abuse (50.3%) had the most
conﬁrmatory answers, designated as any answer excluding
"never." Females (M=45.6 yrs) reported greater ACE exposure than males (M=51.6 yrs), but were heavily represented
in this sample (82.4% Female). There is a trend of
increasing ACE scores and HbA1c approaching a positive
association from scores 0-5, however scores 6-9 digress
from this trend. Overall, there was low ACE scores (range:
0-8, avg=2.53) across all diabetic classiﬁcations: normal
HbA1c (avg ACE=2.55); Prediabetic (n=49, avg ACE=2.76);
T2DM (n= 33, avg ACE=2.09). With 71.7% of participants
reporting ACE scores 0-3 and only 6.3% reporting scores
above 6, these results opposed current theories concerning
childhood trauma and adult health outcomes.
Conclusion: This study aimed to measure the relationship
between adverse childhood experiences and HbA1c in a
population not previously assessed. Previous research
showed a dose-response correlation of ACE exposures to
poorer health outcomes1-4, unlike our results. Study limitations include small sample size, language barriers,
disproportionate sample of sexes, and cultural differences
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unable to be detected by this research design. Nonetheless,
the minimal childhood trauma reported in relation to
health measures in these resource-poor Lima communities
is unexpected and warrants further investigation. Noting
the sensitive nature of the ACE survey, did the methods and
clinical setting allow for greater reporting bias than other
studies? Is there a factor which makes this dose-response
relationship less potent in these regions? Is there a characteristic of Peruvian culture which is protective to the ACE
effect? Acknowledging our sample did not capture the real
population, an extensive gap in knowledge remains concerning ACEs impact among South American nations.
Great emphasis should be placed on continuing this
investigation into ACE relationships and health outcomes
as the prevalence of chronic diseases continue to rise
globally without paralleled increase in resources. As
osteopathic physicians, striving to help our patients achieve self-healing and body unity, it is especially important
to understand the complexity of underlying disease
causation. Resource poor regions ignite an even greater
need to optimize our clinical approach. Screening for ACEs
may be a vital statistic to better understand our patients,
promote a trusting relationship, and push for increased
trauma-informed care training if only we had a more
representative data sample to analyze.
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Context: Musculoskeletal complaints are the most
commonly seen extraintestinal manifestations (EIM) in
inﬂammatory bowel disease (IBD) with a frequency up to
40%; however, there is a continuous need to further
explore this area. Literature has focused mainly in sacroiliatis and ankylosing spondylitis as axial manifestations of
IBD; however, there is a lack of focus on other underlying
axial complaints in IBD patients.
Objective: To determine if there is an underlying association between ulcerative colitis and the involvement of the
axial skeletal system, mainly spondylosis.
Methods: This is a cross sectional study using a database
of patients from 6 integrated healthcare facilities from 2011
to 2019. Data was collected from electronic health records
of 3,104 patients diagnosed with IBD as determined by their
ICD-10 codes (i.e., K50 or K51) and further subdivided

based on the diagnosis of spondylosis as determined by the
ICD-10 code M47. Our cohort was composed of African
Americans and Caucasian patients. Statistics were calculated using t-test and chi-squared. A multivariate model
was constructed for logistic regression.
Results: Our study had 228 patients with spondylosis
diagnosed with an ICD-10 code, M-47. 5.8% of our population with CD had comorbid spondylosis, compared to
9.4% of our UC population (p<0.001). Multivariate
modeling demonstrated UC was associated with an
increased risk of spondylosis, even when controlling for
age, race, sex, BMI, smoking status, and number of corticosteroid prescriptions (OR 1.64 [1.22-2.19] p=0.001).
After conducting univariate analysis, female sex (OR
1.96 [1.45-2.66] p<0.001), BMI (OR 1.05 [1.03-1.06] p<0.001),
and diagnosis of UC (OR 1.58 [1.20-2.07] p=0.001) had
positive associations with diagnosis of spondylosis. Age
also had a positive association with diagnosis of spondylosis (OR 1.007 [1.0002-1.0139] p=0.045). It should be noted
that the age has a positive correlation with UC, so the OR
increases as the age increases. In order to better represent
this association, we calculated the OR of the decade of life
which resulted in a higher positive association (OR 1.073
[1.002 - 1.148] p=0.044).
When looking at the combined MRI and X-Ray imaging
of the spine 13.3% CD patients and 17.6% UC patients were
imaged at our facilities. There was a statistical significance
between these two findings (p= 0.001) indicating that
signiﬁcantly more UC patients were subjected to imaging of
the spine. When looking at these two imaging modalities
separately, 6.1% CD patients and 13.7% UC patients had
X-Ray of the spine done at our facilities. On the other hand,
6.1% of CD patients and 9.2% patients obtained an MRI of
the spine at our facilities. Even when stratifying for each
imaging modality separately, the differences remained
statistically signiﬁcant for X-Ray and MRI of the spine,
(p=0.004 and p=0.001, respectively). There was no statistical signiﬁcance when further subdividing the imagining
of the spine in the cervical, thoracic, and lumbar regions.
Conclusion: In our study we report spondylosis to be
signiﬁcantly more prevalent in Ulcerative Colitis, a relatively surprising ﬁnding. Given that spondylosis is not
normally studied as a musculoskeletal manifestation of
IBD, we were not able to ﬁnd any reported association
between IBD and spondylosis in the literature. It is well
known that spondylosis is exacerbated due to inﬂammatory processes. Inﬂammation exacerbates the degeneration
of the disc, endplate, fascia, and nerve tissue. We stipulate
that the systemic inﬂammation of IBD could be a contributing factor to the association with spondylosis; however,
the literature still lacks an explanation for why UC would
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have a signiﬁcantly higher incidence of spondylosis than
CD. One prospective study showed that arthritis was the
most common extraintestinal manifestation in CD (33%)
and UC (21%). Another study reports that arthritis of peripheral or axial joints in IBD could be up to 40%. While
this could support the pathogenesis of joint degeneration
due to systemic inﬂammation, our ﬁndings on spondylosis
showed that it has a stronger association with UC.
To further characterize this association, we looked at
how many patients had an image based diagnosis of
spondylosis. While there was no significant association
between CD and UC patients diagnosed with spondylosis
via imaging, we did find that UC patients were subjected
to significantly more imaging of the spine via X-Ray
and MRI.
While our study could not define the underlying cause
of this significant association, there could be an important
link between UC and spondylosis, which has yet to be
discovered. Future studies that include endoscopic evaluation of inflammation and radiographic characterization of
the degree of spondylosis would be helpful to explore the
connection between the inflammatory burden of IBD and
the severity of spondylosis.
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Context: Osteopathic manipulative therapy (OMT) is a
practical outworking of the osteopathic principles and one
of the foundations of an osteopathic physician’s training.
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However, the utilization of OMT is on the decline. Previous
studies have demonstrated a positive correlation between a
medical student’s propensity to utilize OMT in their future
practice with both their OMT exposure prior medical school
and the level of preclinical and clinical training that they
received throughout medical school.
Objective: The goal of this pilot study was to assess how
the OMT training curriculum inﬂuenced a medical student’s perception of OMT and their intent to use the treatment modality as a future practicing physician.
Methods: A 13-question survey was created utilizing
Qualtrics. The survey link was distributed through email by
the clinical education department at two osteopathic
medical schools to students in all four class years (n=1320).
The survey was open for one month. During this month,
two additional reminder emails were sent; one at the twoweek mark and one on the last day of the survey. Results
were collected through Qualtrics and analyzed with R.
Results: A response rate of 18.3% was collected for a
sample distribution across year of Osteopathic Medical
Student (OMS): OMS I (31.7%), OMS II (21.3%), OMS III
(24.6%) and OMS IV (22.5%). Nearly half of all students
(42.98%) indicated that they were satisﬁed with their preclinical OMT training while 46.28% reported being
“somewhat conﬁdent” in their ability to treat patients
with OMT. The most notable positive inﬂuences on their
perception of OMT were hands on experiences (41%) and
experiences prior to medical school (16.63%). The most
notable negative inﬂuences on a student’s perception of
OMT were clinical lecture hours (31%) and virtual
learning experiences (32%). Overall, half of all students
(50%) had either a “greatly improved” or an “improved”
perception of OMT through the course of their medical
education, but the majority of students indicated that
they would rarely (21.6%) or never (21.6%) use OMT in
their future practice.
Conclusion: The most beneﬁcial training modalities that
had a positive effect on a student’s perception of OMT were
hands-on training and OMT exposure prior to medical
school. In contrast, virtual lecture hours and preclinical
lecture hours were perceived as negatively inﬂuencing a
student’s perception of OMT. These ﬁndings indicate that
hands-on and real-world experiences, rather than passive
learning modalities had the greatest impact on their
perception of OMT. Despite these positive educational experiences, most students were only “somewhat conﬁdent”
in their abilities, which is consistent with the majority of
students indicating that they do not plan to routinely utilize their post-graduation OMT skills. Additional studies

with a larger sample size and response rate will be required
to determine the generalizability of our results with the
goal of optimizing OMT education among Colleges of
Osteopathic Medicine. Such optimization will ensure
continued interest in and use of this valuable and
underutilized treatment modality for patients.
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Context: During the progression of the Covid-19 pandemic,
most states across the U.S.A. mandated/recommended
mask wearing to slow the spread of the virus. With the
increased use of various mainstream (cloth) and medical
face masks (surgical and N95) available to the public, there
is potential public concern in regard to how face masks
may affect our breathing and cardiopulmonary health.
Such non-evidence based intrepidations may limit use of
mask wearing in the general population.
Objective: To assess heart function (via heart rate) and
lung function (via pulsoximetry) among healthy adults
exposed to various types of face masks under conditions of
rest and graded exercise. We aimed to provide evidence
that mask wearing does not inﬂuence cardio-respiratory
function in healthy individuals.
Methods: We performed a randomized controlled study
where we evaluated male (n=20) and female (n=20)
healthy subjects that met our inclusion criteria (between
the ages of 21-65 years old). Subjects with underlying
medical conditions such as any respiratory and cardiovascular illness, or any other illness that may affect the
ability to conduct any activity required of the study were
excluded. We recruited participants that were faculty,
staff, and students from Midwestern University. All
experiments were performed on university campus
grounds abiding by school and CDC guidelines on social
distancing. This is a cross-sectional study where physiological parameters were measured while subjects participated in three activity levels (duration of 10 minutes
each) in a randomly assigned order: no intensity/rest
(sitting), moderate intensity (walking), and high intensity
(climbing stairs). Each subject served as their own control. The subject’s age and BMI were collected prior to the
start of the activity. Subjects conducted every activity
level wearing every face mask condition separately: no
mask, surgical mask, and N95 respirator; and therefore,
each subject performed 9 activities. Heart rate (HR) and
blood oxygen saturation levels (SpO2) via pulse oximeter
were collected after every activity level. Perceived exertion level was assessed utilizing the Borg-15-point scale.
We performed a one-way ANOVA to compare the results of
the Borg scale, HR, and O2 saturation between each activity level for the same mask variation. The study was
approved by MWU-IRB (AZ#1422).
Results: There were 20 males (aged 28.35 ± 1.98) and 20
females (aged 29.10 ± 2.45) in our study. We found no
statistically signiﬁcant difference in SpO2 levels at either
exercise or rest between the no mask, surgical mask, and
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N95 mask group. Additionally, we performed a one-way
ANOVA for the results of the SpO2 between each mask
variation for the same activity level. The means for SpO2 at
rest was compared between no mask, surgical mask and
N95. No differences noted between the groups (P>0.05,
one-way ANOVA). Our study did, however, ﬁnd a statistically signiﬁcant difference in SpO2 at rest between male
and female subjects within every mask variation. The SpO2
levels were on average decreased by 1.6% (no mask), 1.4%
(surgical mask), 1.7% (N95 mask) in males compared to
female counterparts at rest. We found this to inversely
correlate with BMI such that the male subjects (average
BMI=27.79 ± 0.98), had consistently lower SpO2 levels
at rest in comparison to female subjects (average
BMI=24.01 ± 0.69). Our study also found a statistically
signiﬁcant difference in perceived exertion between each
successive exercise level. This was directly correlated with
an increase in heart rate with graded exercise.
Conclusion: Our results indicate that face masks (both
surgical and N95) do not inﬂuence either heart rate or blood
oxygen levels, providing evidence of adequate cardiorespiratory function while wearing masks with concomitant physical activity. Our data provides evidence to quell
fears that mask wearing adversely affects heart and respiratory function in healthy individuals. Future studies
evaluating face masks and blood oxygen levels in those
with underlying medical conditions may further provide
insight on effects of face masks on cardio-respiratory
health.
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Context: Long-term care facilities (LTCFs) house adults
who require acute rehabilitation or long-term high-level
care. Inﬂuenza and pneumonia cause 90% of deaths in
adults 65+; only 42-66% of Pennsylvania LTCF residents
receive these vaccinations.1 Given the COVID-19
pandemic, it is crucial to bring awareness to gaps in
vaccination of LTCF residents in order to promote the
overall health of vulnerable populations and limit the
spread of disease.
Objective: To identify the perceived barriers to the vaccination of residents in LCTFs across Pennsylvania.
Methods: LTCFs located in Pennsylvania, identiﬁed by
zip-code, were contacted via publicly available contact
information and administrators were asked to participate
in an anonymous phone survey designed to gather information regarding vaccination practices. A total of 22 LTCFs
agreed to participate. Our survey contained questions and
discussion prompts designed to assess the following: how
vaccines are recorded, what information is recorded, how
charts are checked for vaccination gaps, the vaccination
process, and perceived barriers to vaccination. Analysis of
individual LTCFs consisted of a basic descriptive analysis
of the aggregated data.
Results: Of 406 eligible LTCFs, 109 were contacted and 22
agreed to participate (20.2%). Thirteen centers reported use
of electronic records; 7 use both paper and electronic
records. Vaccine records reportedly included patient
identifying information (95.2%), injection site (76.1%), injection information (38.1%), and vaccination history
(90.5%). Methods for vaccine tracking included chart reviews (28.6%), electronic alerts (42.9%), scheduled audits
(38.1%), and vaccination at admission (19%). The most
common vaccination process involved a physician
ordering and administered by a nurse (57.1%). The main
barriers perceived by more than half of participants
included lack of patient education and issues with vaccine
acquisition.
Conclusion: Although vaccination is vital to preventative
health, 52.4% of LTCFs perceived barriers in vaccinating
their residents. We determined a baseline understanding of
how LTCFs track vaccination status and perceived barriers
they face in getting residents vaccinated. Individual LTCFs
can examine their own system to understand gaps they
may face in vaccinations. Given the importance of vaccination in bringing an end to the COVID-19 pandemic,
recognizing potential impediments to achieving higher
vaccination rates in such a vulnerable population is
essential. Future research projects could look at steps that
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can be taken to overcome these barriers and ultimately
increase vaccination rates.
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Context: The Hispanic population in the US utilizes TKA
approximately 30% less when compared to non-Hispanic
Caucasians (NHC) despite a similar incidence of OA. This
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discrepancy persists even when socioeconomic factors
(e.g., health insurance availability) are controlled for in
statistical analyses. The social, cultural, and socioeconomic factors underlying underutilization are not well
studied and require further investigation to better understand patters of underutilization.
Objective: To identify cultural, social, and socioeconomic
factors that inﬂuence a person’s decision to pursue medical
attention or to undergo a surgical joint replacement procedure due to osteoarthritis (OA).
Methods: We used a cross sectional survey study design.
Subjects were recruited in person at community events/
centers, farmers markets, vaccination drives, and other
public gatherings on the south side of San Antonio. This is
a federally designated medically underserved region of
Bexar County, Texas. Eligible subjects were between the
ages of 50 and 89, residents of Bexar County, and ﬂuent in
English. All responses were anonymous, and no identiﬁers
were collected. Surveys consisted of a combination of
speciﬁc questions and Likert scale questions to determine
an individual’s socioeconomic status, pain tolerance,
health literacy, family support conditions, and other factors that inﬂuence a person’s decision to seek medical
treatment. Nonparametric and polychoric correlation analyses were used to compare responses from Hispanic and
nonHispanic Caucasians (NHC) and the associations between survey questions/prompts. Although this work ultimately relates to end-stage arthritis, it examines one step
in the natural history of osteoarthritis and thus incorporates aspects of the biomechanical and behavioral
osteopathic models.
Results: 60% of the 233 subjects were female. Female and
male mean ages were 65.8 (±9.0) and 64.3 (±8.8), respectively. Hispanic subjects comprised 63% of the sample.
More than 80% of respondents reported having private,
military, Medicare, or Medicaid health insurance plans.
Among all respondents that reported daily knee or hip
pain, approximately 50% indicated they would avoid a
total joint arthroplasty (TJA) due to cost even though it
could alleviate joint pain. Polychoric correlations indicated
a signiﬁcant relationship between those who reported a
lower household income and an avoidance of surgery due
to fear. Furthermore, respondents who indicated that
enduring long-term pain was part of God’s plan reported
having an above average pain tolerance. Compared to
NHW, Hispanics were more likely to report fear of TJA
(p=0.001) and being inﬂuenced by another’s surgical
experience (p=0.045). Within women, Hispanic females
were more likely to report fear of TJA than NHC females
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(p=0.002). Compared to Non-Hispanic females, Hispanic
females were more likely to choose a doctor based on their
cultural heritage (p=0.034) and indicated a belief that pain
is part of God’s plan (p=0.000). Within Hispanics, females
did not like to ask for help (p=0.001) and reported that they
don’t want their health to affect others (p=0.016).
Conclusion: These results begin to reveal several possible
personal and cultural attitudes that may underly underutilization trends by Hispanic patients. First, Hispanic respondents indicated a greater fear of a TJA procedure than
NHC counterparts. Also, Hispanic respondents indicated
that the surgical experience of another would inﬂuence
his/her decision to undergo surgery. Finally, our data
suggest that some Hispanic individuals see enduring longterm pain as fate or destiny associated with their religious
beliefs. This preliminary work may provide us some insight
into the multifactorial contributions to Hispanic TJA underutilization. This is a critical ﬁrst step towards developing strategies to mitigate underutilization and thus,
reduce the number of patients that endure arthritic pain
when a pain-reducing treatment is available.

Research team members used a script to ensure that descriptions of the study were accurate and uniform. Private/
identiﬁable information was not collected during by the
survey instrument. After providing verbal consent, each
subject received a copy of the survey face page that
included a description of the study and detailed the contact
information for the PI, research coordinator, and contacts
at IRB ofﬁce.
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Context: Individuals have a federal right to read their
health records. Why it is important to read your health
record and how it needs to be requested may not be common knowledge. Beneﬁts of reading your health record
after a medical encounter gives you a chance to check for
errors or omissions and also assess how your story is represented. This project created a community outreach video,
posted it on YouTube and assessed viewer responses with
an IRB approved survey.
Objective: To measure the effect of a community outreach
message educating the public of the importance of reading
their health record and how to gain access to health records
in accordance with the law. This message also stressed the
importance of reading the entire health record, including
the History, Examination, and Medical Decision Making.
The hypothesis of this community outreach message believes informed patients can make better advocates for
themselves when engaging in health care services.
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Methods: An 18:45-minute YouTube video was created to
raise awareness of the new federal medical documentation
guidelines.
A script was written prior to the recording to assure
that information delivered was accurate and concisely
delivered in an 18:45-minute episode. The script was
reviewed by a certified professional coder/medical
auditor/physician to assure accuracy when describing new
federal policies rights conferred by law. Cast members were
recruited and given the opportunity to review and rehearse
the script before the recording.
The video was recorded from a Zoom meeting with 14
participants, which included Osteopathic Medical Students, Master of Science students, a faculty member and a
founder and Community Outreach Coordinator of the IgA
Nephropathy Foundation of America. Participants were
asked to join a Zoom meeting on Monday, October 12, 2020
05:29 PM Pacific Time (US and Canada). Participants were
informed The Patient Advocacy Video will be recorded and
signed general release waivers granting our research team
permission to share the community outreach video. The
video was approved by the Provost’s Office with disclaimers posted in the description and verbalized during
the video introduction.
An IRB approved Qualtrics Anonymous Survey was
created. The Qualtrics Anonymous Survey was offered in
the YouTube Comment section after the video was posted
on YouTube. Informed consent was obtained from all
participants via Qualtrics survey.
Results: 19 surveys were completed with 100% of participants consenting to protocols of the IRB approved
study [IRB M-2120]. When asked if viewers were aware of
federal rights to access or read their health record, 25%
knew of this federal right, 37.5% knew of the right, but
not the details, and 37.5% learned about this right with
the YouTube video community outreach message. 32%
reported being curious about what was written about
them in their health record. 50% had requested to access
or read their health records. Of those who had requested
access to their health care records, 57% were actually able
to do so, 0% were told they did not have permission, and
43% did not receive any feedback from a request. Of those
who read their story in their health record: 20% reported
very accurate, 40% reported mostly accurate, 40%
reported accurate, but not complete, 0% reported not
accurate. When asked if participants knew of their federal
right to amend/co-author their health record, 7% knew of
the right, 20% knew, but not the details, and 73% learned
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by viewing the community outreach video. 29% identiﬁed
themselves as a medical professional or training to enter
the medical profession. Viewers commented appreciation
for the knowledge and requested more educational
videos.
Conclusion: Medical records started as a means for health
care providers to document ﬁndings from medical health
encounters. Studies have shown that the use of electronic
health record documentation has been associated with
physician burnout and reduction of professional satisfaction, which can impact the accuracy of the medical health
record. Accurate and thorough medical health records are
critical elements for successful patient care, risk management, and liability prevention. Individuals have a federal
right to access and read their medical health records.
Beneﬁts of reading the health record after a medical
encounter gives a patient a chance to review for errors or
omissions.
According to this study, most viewers have limited
knowledge of their federal right to access or read their records; such rights may impact all individuals seeking
healthcare. People are curious about what is written in
their health records, it’s important to be able to access the
health records and ensure accuracy.
The objective of this study was to measure the effect of
a community outreach message educating the public of the
importance of reading their medical health record. In
addition, this study had provided information to viewers
regarding how to gain access to health records in accordance with the law. We believe this type of engagement
with the public has the potential to educate why it is
important to read the entire health record and how it can be
done in accordance with federal law. Additional studies
can investigate the implications of inaccurate medical
health records.
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Context: Lung and bronchus cancers represented the
highest incidence of cancer related deaths in the United
States, and the third highest incidence of new cancers,
these rates are even higher in Alabama. In 2013, the
USPSTF issued a recommendation advising all patients
between age 55-80 years old with a 30-pack-year or greater
smoking history who smoked in the last 15 years to receive
annual Low Dose CT scan. The goal of LDCT is to identify
malignancy early to improve prognosis and treatment
efﬁcacy.
Objective: Rural clinics face many difﬁculties implementing screening guidelines compared to their urban
counterparts. Cultural, educational, socioeconomic, and
resource barriers pose challenges both to providers and
patients and require rural clinics to ﬁnd creative and efﬁcient solutions to provide the care patients require. These
problems prompted the ACOM Ashford Clinic to implement
a QI study to identify patients meeting the 2013 USPSTF,
assess, and improve the rates of low dose CT scans.
Methods:
Method: The data was collected using a quasi-experimental
study design.
Participants: A report from the EMR including patients
age 55-77 with a smoking history yielded 273 patients. Patients were called by phone to collect detailed smoking
history. Individuals who did not meet LDCT criteria or
declined participation were excluded. 84 eligible patients
were identified and appropriately consented for participation. Statistical analyses of the participants showed no
significant difference in sex, age, pack years, or current
smoking status.
Intervention and Data Collection: A standardized script for
calling the eligible patients. After exclusion, participants’
next appointment date was gathered that clinic staff could
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reference to provide intervention at that time. A tobacco
dependence syndrome identiﬁer was added to the patient’s
chart with smoking history details, allowing clinicians to
calculate pack years per patient. Clinicians were given
decision-making tools for the appointment to provide
guidance on LDCT and note patient eligibility. Patients
were referred for LDCT if desired. At the end of the implementation period, participant records were examined to
note LDCT compliance.
Statistical Analysis: Demographic statistics including sex,
age, pack years, and current/noncurrent smokers were
recorded before and after analysis of participants. The chisquare and Mann-Whitney U tests showed no signiﬁcant
differences in these population comparisons. A MannWhitney U test was run to compare the rate of compliance
in ordering LDCTs before and after implementation.
Osteopathic Signiﬁcance: The objective of this study promote the Osteopathic Tenets by providing rational,
evidence-based care to all patients, acknowledging the
body as a unit, promoting its ability to self-regulate, and
understanding the structure-function relationship and
educating patients on how these affect their state of health.
Results: After implementation, 55 of 84 patients were
compliant with LDCT guidelines, yielding a compliance
rate of 65.5%. Twenty-one participants who were not
compliant before the study became compliant after
implementation and six patients who were compliant prior
to the study became noncompliant by the end. Two of six
patients who were compliant before but not after the study
were not seen in the clinic after the study began. Of the 25
patients who were noncompliant before and after implementation, ﬁve were not seen at the clinic after the study
began. The two patients who initiated care during the study
and were eligible for LDCT were compliant. Two patients
were considered compliant despite deciding not to receive
an LDCT as shared decision making was employed.
A compliance rate of 46.3% before implementation, a
rate of 65.5% after implementation, and a sample size of 82
and 84 patients respectively yielded a Z-score of 2.5292 with
a p-value of 0.0057. There was an overall 19.2% increase in
compliance rate. The relative uplift in compliance rate
(change divided by initial rate) is 41.29%. The observed
power is 88.86%. The standard error of the before and after
rates are 0.055 and 0.052, respectively. The standard error
of difference is 0.076.
Conclusion: The changes implemented during this study
were seen to have signiﬁcantly increased the clinic’s
compliance with the USPSTF lung cancer screening
guidelines. Improving a provider’s awareness of LDCT
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guidelines and providing a tangible document to share
with patients improved the rate of compliance. Additionally, providing literature to patients and having a brief
discussion of the recommendations might have decreased
the number of patients who declined an LDCT despite being eligible. Only two of 84 patients (2.4%) denied an LDCT
when they were offered one by a provider.
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Context: Efforts to increase the diversity among healthcare
providers may help close the gap of health disparities,
combat inequities, and address medical access in underserved populations1. In response to the need for more
healthcare providers from populations under-represented
in medicine, Marian University College of Osteopathic
Medicine (MU-COM) hosted a week-long day camp for high
school students with the goal of introducing them to
different healthcare careers and osteopathy.
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Objective: To determine the effect of a healthcare camp on
recognition of careers in medicine and awareness of the
osteopathic profession.
Methods: The hypothesis was tested through administration of a voluntary survey pre- and post-camp. All 26
campers that attended the healthcare camp participated in
the voluntary survey. To maintain anonymity, each
participant generated a unique code used for both pre-and
post-camp surveys to facilitate matched response data
analysis. In addition to asking participants to list careers in
healthcare during the pre-camp survey, demographic
questions were collected. Demographic data included
gender, race, ethnicity, the presence of a healthcare worker
in their immediate family, and previous participation in a
healthcare camp. Campers rotated through activity stations daily, highlighting a unique patient case using the
Simulation Center, Anatomage table, ShareCare virtual
reality system, and osteopathic manipulative medicine
(OMM) lab. Further, onboarding and debrieﬁng sessions
were utilized to facilitate discussion and contextualize
relative healthcare provider roles related to the patient case
of the day. Current osteopathic medical students, along
with other students in the health professions, served as
counselors and activity leaders allowing campers to create
connections with in-training members of the medical
community. At the conclusion of the healthcare camp, a
second survey was administered to all participants that
asked campers to list careers in healthcare. A Wilcoxan
Signed-Rank test was employed to compare participants’
pre- and post-camp responses of their perceptions of
healthcare careers. The effect of demographic data on responses to careers in healthcare were analyzed using either
the Mann-Whitney U test or the Kruskal-Wallis ANOVA, as
appropriate.
Results: The response rate for both pre- and post-camp
surveys was 100% with 15% of participants identifying as
male and 85% as female. The participants included three
sophomores (11.5%), nine juniors (34.6%), twelve seniors
(46.2%), and two incoming college freshmen (7.7%).
Additionally, 24% of participants indicated their ethnicity
as Hispanic while the remainder selected Non-Hispanic.
Of the campers 46.1% identiﬁed as Caucasian, 42.3% as
Black, and 15.3% preferred not to answer. Prior to the
intervention of the healthcare camp, participants were
able to list on average 5.4 healthcare professions, which
signiﬁcantly increased to 11.5 careers on the post-camp
survey (p<0.05). Awareness of the osteopathic profession,
as indicated by listing DO, osteopathy, osteopathic, or
OMM in the pre- and post-camp surveys, increased from
0 to 42%. Demographic data did not signiﬁcantly affect

program outcomes as assessed by survey data related to
perception of careers in healthcare or awareness of the
osteopathic profession.
Conclusion: The survey results support the implementation of a healthcare camp as an effective measure to increase the perception of careers in healthcare while also
enhancing the awareness of the osteopathic profession in
high school students. Future healthcare camps will include
an overnight component to expand the student population
beyond that of central Indiana. Further, as a means of
encouraging and supporting campers to continue to pursue a career in healthcare, camp attendees are eligible
for additional scholarships should they attend Marian
University.
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Context: Though remaining the 2nd leading cause of death
in the United States, non-speciﬁc tumorigenesis has been
decreasing over the past 20 years.1,2 When assessed by
geographical location it is apparent that the incidence of
cancer diagnosis is reducing more quickly in urban settings
than rural communities.3,4 However, reliable data from
rural areas is sparse and likely idiosyncratic to the community of origin
Objective: To determine the incidence of cancer diagnosis of
single organ systems within a rural southwest community.
Methods: A retrospective chart review of all patients
diagnosed with a cancerous mass from 2004-2019 was
conducted. Abstracted data included the patient sex, site of
diagnosis (gastrointestinal, breast, bone, brain, cutaneous, gynecologic, head and neck, lung, pancreas, and
urological), and major histopathology. Rates of new diagnosis by site and patient sex were compared to one another
using repeated measures linear regression.
Results: The overall cancer incidence linearly increased
(r2=0.900) among both men and women by 372% from
2004 to 2019 (p<0.001). Rates of new diagnosis for cancer of
the lung (339.6% increase; 48(2004) vs 163(2019); p=0.010)
and breast (350.0% increase; 10(2004) vs 35(2019);
p=0.034) showed the steepest incline. The most common
histopathology observed in 2004 was squamous cell carcinoma (25%; 12/48), whereas the most common in 2019
was adenocarcinoma (31%; 51/163). No signiﬁcant differences were detected between the sexes for the total new
diagnoses across or within system.
Conclusion: Despite national trends showing a reduction
in the number of new cancer patients per year, rates of
diagnosis in the rural southwest are increasing. However,
the mechanism producing this geographical divide remains unclear but may be due to changes in diagnostic
screening or increases in patient access to care centers.
Further research is needed to elucidate the factors driving
increased rates of cancer diagnosis in rural America.
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Context: Aminosalicylates, immunomodulators, corticosteroids (CS), and biological agents are the main classes of
therapies used to treat IBD patients. The pattern of use for
these agents amongst minority IBD populations is not well
documented, especially the use of biologic treatment in
African Americans (AAs).
Objective: To determine if any differences exist in the type
and/or quantity of medications used among AA vs
Caucasian American (CA) populations in the treatment of
IBD.
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Methods: This was a retrospective chart review conducted
using electronic health records of CA and AA patients with
at least two ICD10 codes for Crohn’s Disease (CD) or Ulcerative Colitis (UC) from 2012 to 2020 at a university-based
tertiary center. Patients were excluded if they had incomplete health records and/or missing demographic information. Patient data was exported from Epic EMR software
and de-identiﬁed prior to analysis. The charts of 100
randomly selected patients were manually checked to
verify accuracy of exported data. Estimated income is
based on Zip Code using 2013-2018 ACV Median Household
Income. Prescriptions were extracted using both the
generic and brand names of speciﬁc medications. Comparisons between groups were made using the Student’s
t-test, one way ANOVA, or Chi-squared test. Multivariate
logistic regression models were adjusted for covariates on
medication.
Results: 3049 patients met the inclusion criteria. A higher
proportion of AA patients received prednisone (p=0.041),
while a higher proportion of CA patients received budesonide (p=0.020). Moreover, AAs had higher CS prescriptions per patient than CAs (1.81 vs 1.41, respectively,
p=0.006). Other than corticosteroids, there was also a
signiﬁcant difference in the proportion of African Americans who were prescribed aminosalicylates. There were no
differences in the percentage of AA and CA patients on
immunomodulators or biologics.
History of any IBD complications was positively associated with the prescription of CS (p<0.001). Estimated income was not signiﬁcantly associated with the prescription
of prednisone, but it was positively associated with the
prescription of budesonide (p=0.002). Of the covariates,

only age, sub-type of IBD, and history of IBD complications
were signiﬁcantly associated (all p<0.001) with the receipt
of biologics. Race, sex, BMI, and estimated income were
other covariates that were included in the model, but were
not associated.
Conclusion: AA patients and patients at a lower income
have similar access to biologic treatments, but are limited
in their access to budesonide. AA patients receive signiﬁcantly more CS prescriptions on average. Further studies
are necessary to elucidate the reason behind the increased
amount of CS prescriptions in AA patients, disease may be
more severe in AA patients as indicated by the higher
prevalence and amount of IBD-related complications, or CS
may be less effective in the AA population, among other
explanations. The ﬁnding that AAs are prescribed aminosalicylates less frequently is interesting. One explanation
could be that AAs may have more severe disease (on
average) at presentation, which may necessitate skipping
over ﬁrst line medications like aminosalicylates and proceeding straight to second or third line medications. Our
study did not reveal any signiﬁcant association between
estimated income and access to biologic medications.
However, additional studies examining the lowest income
quartile or patients below poverty level may uncover limitations to care.
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