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to advancing clinical practice and improving patient outcomes through leading-edge
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opportunities that advance the science and care in O&P.
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A letter from our Chief Clinical Officer

Dear Friends and Colleagues,

It is my privilege to introduce the Hanger Institute for Clinical Research and Education 2023/24
Annual Report.

Our key initiatives within the Hanger Institute are designed to address and navigate a rapidly
changing healthcare environment, with a focus on positively impacting the lives of those in need
of life-changing orthotic and prosthetic (O&P) care. With a nation that is moving from a fee-
for-service approach to one that rewards outcomes, efficiency, quality, and population health,
along with a more complex regulatory environment, reimbursement challenges, and continuing
uncertainty, we are leveraging our resources, expanding our networks, and contributing to our
knowledge base with an unwavering commitment to advancing evidence-based O&P practice.

While for many, this is a time for anxiety, at Hanger, it is a time for continued action. The
development of our scientific and evidence base has been, and will remain, one of our highest
priorities. We can claim significant progress in supporting and advancing clinical research that
demonstrates the true value and positive patient outcomes resulting from the care we provide
as highlighted throughout this report.

I would like to acknowledge my colleagues and the individuals inside and outside of the Hanger
organization who support and contribute to the Hanger Institute’s work. Clinical outcomes are
vital and serve as the foundation that directs our clinical decision-making, and my sincere thanks
to the teams across Hanger Clinic that are dedicated to collecting patient outcomes as a basic
standard of care.

At Hanger, we are committed to clinical excellence and are a patient-centered organization. This
annual report is designed to demonstrate that, collectively, we have the will and the momentum
to effect change and positively impact the lives of the people we are privileged to serve across
our profession.

Sincerely,

i g

James H. Campbell, PhD
Senior Vice President and Chief Clinical Officer
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Establishing Expectations Following
Lower Limb Amputation

Goal setting and establishing realistic expectations after lower limb amputation
are vital for patient success. To provide best-in-class care, we need to understand
where our patients are today and where we see them progressing in the future.
Setting challenging and achievable goals and balancing expectations are crucial
for success. For our patients with lower limb amputation, mobility is often the
primary goal, for good reason. Increased mobility has been linked to increased
quality of life, greater satisfaction, reduced risk of injurious falls, and even higher
odds of returning to work.
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Mobility Goals Based on Age, Amputation Level, and Etiology

One of our recent papers, CASTLE 1 (Fylstra et al., 2023), expanded on our previous work (England et
al., 2021) in this area. The study aimed to establish normative mobility scores for each year of patient
age, ranging from 25 to 85 years old, following lower limb amputation. By analyzing data from just
under 30,000 individual patients across various ages, amputation levels, and etiologies (trauma or
diabetes/dysvascular), we have made significant progress in understanding mobility outcomes and
goals. The impact of CASTLE 1 lies in its ability to use these mobility curves across patient age to predict
the average mobility for a patient based on their age, amputation level, and etiology (Figure 1). With

this understanding, we are better positioned to help patients set realistic mobility goals. Armed with

this information, we can focus rehabilitation efforts on improving and/or maintaining mobility as the
patient continues to age. In addition, we can also explore the impact of prosthetic technology on these
mobility curves — for example, microprocessor knees may change the trajectory of patients’ mobility as
they age (Figure 2). The next step in this research is to understand precisely what those rehabilitation
recommendations look like to ensure the patient receives the best care possible.

Trajectory of Patient Mobility Across Age for Individuals with Amputation Below-the-Knee
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Figure 1: Patient age and etiology can impact an individual’s predicted mobility. To calculate a patient’s expected mobility, simply draw a vertical
line at their age and a horizontal line at their respective etiology.

Altered Trajectories Observed for Individuals with Amputation Above-the-Knee With the Use of a Microprocessor Knee (MPK)

65

60

55

50

45

PLUS-M T-SCORE

40

35

30

[ ] I Trauma nMPK

.
B : Trauma MPK

™ n
| — s i @i, S () u °

: Orgrgrrmee i, ...._p__'_____". - [ n . - :

~ ."."-----.-......!.......=.’...'. ______ "....'_...----" Il : Dysvascular MPK

- o ™ :

% ° °® ° " ge

° P X} f |
| [ ]
Y R
L s
. n
P [N T T N T T N YT T T VN T W T T T N T T T N T T I NN T T N T W T T T T W T T N T T OO B |
25 30 35 40 45 50 55 60 65 70 75 80 85

AGE

Figure 2: The curves in yellow and blue represent patients using a non-microprocessor knee following amputation due to dysvascular and
trauma etiologies, respectively. The curves in green and red represent patients using a microprocessor knee following amputation due to
dysvascular and trauma etiologies, respectively. On average, individuals with a microprocessor knee had increased mobility across all ages. In
addition, microprocessor knees may even change the expected trajectory of patients as they age.
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Relationship Between Mobility
and Injurious Falls Mobility Mid vs. High -
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impact a patient’s life. Injurious falls can Mobility Low vs. High - E
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we published the second paper in the

SAFE-AMP series focused on exploring the
relationship between mobility and injurious
falls (Miller et al., 2022). Amputation Level 4 +—@~—
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I
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Results from this study revealed that 1 2
ODDS RATIO (LOG SCALE)

individuals in the lowest mobility group

. . . Jrious Fall Based on Mobility Level
had over twice the odds of experiencing Y

Figure 3: Compared to those with high levels of prosthetic mobility, individuals
with low and mid-level mobility were approximately two times more likely
highest mobility group (Figure 3). This finding to experience an injurious fall. By contrast, an individual’s sex, cause of
amputation, and amputation level were unrelated to their risk for injurious fall.

an injurious fall compared to those in the

underscores the importance of working
towards increasing patient mobility — either

through a change in prosthetic intervention Increased mObIIIty Is not Only an
and/or physical therapy. Increased mobility important part of overall well-being,
is not only an important part of overall well- . . . e

being (Wurdeman et al., 2018), but it can also bUt It can also Slgnlﬂca ntly reduce
significantly reduce the risk of injurious falls. the risk of iﬂjUFiOUS falls.

Falls: By the Numbers

Falls are the leading cause of non-illness related death for Americans over the age of 65.

Approximately 30% of individuals over age 65 incur a fall each calendar year.
1in 5 falls results in serious injury such as broken bones or head injury.

Fall risk is roughly 50% higher among individuals with lower limb amputation
and even higher for those with above-the-knee amputation.

Only 25% of elderly individuals report a return to prior levels of independence after a fall.

Vascular disease, frequently observed among individuals with
lower limb amputation, increases fall risk by roughly 75%.

2023-24 ANNUAL REPORT | HANGER INSTITUTE FOR CLINICAL RESEARCH & EDUCATION 7

%/ HANGERCLINIC.COM/INSTITUTE HANGER CLINIC



http://HangerClinic.com/institute

Impact of Gender, Geography, and Employment on Mobility

The GGEM Study: Gender, Geography, and EMployment (England et al., 2023) explored various patient
attributes and how these attributes impact patient mobility. Here are some key findings:

1. Employment: Patients with lower

Age<65Y Age>65Y

mobility were more likely to be
o A
unemployed. Previous studies have

Employment (mean + SD)

demonstrated that employment is

No 46.3 +10.6 <0.001 447 +1.5 <0.001
beneficial for improving self-esteem Vos 55.2+100 522+99
and reducing social isolation. However, Gender (mean + SD)
a return to work cannot be assumed as Female 4614109 210+ 1.2
these rates following amputation are Male 50.3 411 <0.001 469+ 1.4 <0.001
reported between 43-70%. Increasing Reglon (mean * SD)
. . . .. s South 482+ 1.4 <0.001 43.8+11.2 <0.003
mobility may improve an individual’s
X Northeast 498 +11.2 457 +11.9
odds of returning to work.
West 489+ 1.3 46.0 +11.4
Midwest 497 +10.9 456+ 17

2. Gender: Gender was highly
associated with patient mobility, with oyment, Gender, and Geography on Mobility

women belng less Ilkely to ambulate. Figure 4: The average mobility values observed among prosthesis users
This suggests that our female according to their employment status, gender and geographic location.

patients may benefit from additional
encouragement and attention in their prosthetic rehabilitation.

3. Geography: Individuals living in the South reported poorer functional mobility. In contrast,
individuals living in the Northeast had 30% increased odds of reporting an above-average
prosthetic mobility level.

These findings highlight the importance of considering gender, geography, and employment when
setting patient mobility goals and adjusting accordingly. Additionally, understanding how these attributes
impact mobility allows clinicians to better estimate fall risk from SAFE-AMP 2 and plan preventative
intervention effectively. The better we are at establishing expectations following lower limb amputation,
the better equipped we will be at providing exceptional evidence-based care.
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Caring for Those Who Have Experienced
an Amputation Due to Diabetes or
Dysvascular Disease

Amputation due to diabetes or dysvascular disease is of increasing interest in
the literature due to its increased prevalence, economic impact, and poorer
health outcomes (England et al., 2022). The continued tracking and monitoring
of this patient population allows for individualized interventions or changes in the
patient’s care plan.
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Determinants of Prosthetic Referral

No prosthetic fitting Fitted for prosthetic

Demographics (n=101) (n=134)

and Functional Mobility for Patients Age, years c56 21 <001
with Dysvascular Amputation Chronic kidney disease 45 (44.6) 35 (26.) 042
Prior cardiovascular disease 37 (37.0) 20 (14.9) <.001
One of our recent manuscripts found that Ambulatory status
among a population of 255 vascular patients, ndependent 22218 e oot
Assist device 51(50.5) 58 (43.3)
nearly half of the sample was not referred to ——— 207 267
be fitted for a prosthesis (Fridling et al., 2023). Disposition
Factors such as older age, more comorbid Home 18 (17.8) 15 (11.2) <001
health conditions, less independence, and lack Skilled nursing facility 76(75.2) 78(58.2)
. . . Rehab 3(3.0) 25(187)
of rehabilitation referral were all associated
Mortality at 1 year 24 (23.8) 5(37) <.001

with fewer prosthetic referrals (Figure 5).

Data are presented as number (%).

For those individuals who were fitted for

status, postoperative rehab disposition, and -

Figure 5: Numbers and population percentages of those fitted and not
fitted with prostheses according to the presence of chronic kidney disease
improved post-amputation mobility (Fridling et or prior cardiovascular disease, ambulatory status, and discharge dwelling

al., 2023). location.

cardiovascular health were associated with

While there may be other factors influencing prosthetic referrals that were not included in the study,
the next step will be to identify evidence-based approaches to determine which patient should or
should not be fitted with a prosthesis. This approach will assist patients, surgeons, and other healthcare
professionals in shared decision-making regarding prosthetic referrals.

Aggregated Observations Shared Internationally

In 2023, members of the Hanger Institute traveled to Guadalajara to share our aggregated observations
from several prior publications relative to the prosthetic management of individuals with amputation due to
diabetes. These included observations relative to both comorbid health and component selection and their
impacts on mobility and fall risk among older individuals with diabetic or dysvascular amputation (Stevens &
Wurdeman, 2023).

With respect to the impact of comorbid health conditions on prosthetic mobility, we reviewed our findings
from MAAT 2 (Wurdeman et al., 2018). Reviewing data from just under 600 patients, we observed that,
despite common opinions to the contrary, the presence of most comorbid health conditions were not
associated with decreased prosthetic mobility. These non-contributing health conditions included diabetes,
chronic obstructive pulmonary disease (COPD), congestive heart failure, a history of heart attack, and
obesity. Ultimately, only advanced age, history of a stroke, peripheral vascular disease (PVD), and anxiety/
panic disorders were mildly associated with reduced prosthetic mobility. In addition, we observed that the
presence of multiple comorbidities had little effect on prosthetic mobility when we adjusted for the effects
of age, stroke, PVD, and anxiety/panic disorders (Figure 6).
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Relative to component considerations, we shared
observations from the MAAT 5 study. In this effort,
an analysis of 738 patients with amputation due

to diabetes/dysvascular disease established

that certain prosthetic foot types are associated
with higher mobility levels. Specifically, patients
with diabetic/dysvascular amputation fit with a
microprocessor foot (MPF) or vertical shock-loading
pylon type foot (L5987) had significantly higher
mobility compared to other foot types. On the other
hand, patients fit with a flex-walk type foot (L5981)
or the flex-foot type foot (L5980) had the lowest
mobility among the five ankle-foot categories
(Wurdeman et al., 2019, Figure 7). These findings
suggest that certain ankle-foot technologies can
increase prosthetic mobility for individuals with
amputation due to diabetes/dysvascular disease.

We also revisited the impacts of microprocessor
knees among individuals with transfemoral
amputation due to diabetes or dysvascular
disease by citing the findings of our SAFE-AMP 1
manuscript where we observed that those from
this population using a non-microprocessor knee
were 2.5 times more likely to sustain an injurious
fall than those using microprocessor technology
(Wurdeman et al., 2023).
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Mobility & Comorbid Health

70.00
60.00
50.00
40.00

30.00

PLUS-M T-score

20.00

10.00

0.00
FCl:0 FCI:1 FCl:2 FCI:3 FCl:l4 FCI5 FCl:6 FCI>6

Functional Comorbidity Index

Mobility and Comorbid Health

Figure 6: The limited impact of progressively increasing concurrent
comorbid health conditions on prosthetic mobility after adjusting for
the presence of known contributors including age, stroke, PVD, and
anxiety/panic disorder.

Mobility for Individuals with
Diabetic/Dysvascular Amputation
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Figure 7: Columns (from left to right) correspond to microprocessor
ankle-foot (MPF), shank-foot systems with vertical shock-loading
pylons (L5987), hydraulic ankle-foot systems (L5968), flex-walk
ankle-foot systems (L5981), and flex-foot type ankle-foot systems
(L5980). Individuals with MPFs or vertical loading pylons had
significantly increased mobility compared to those with flex-walk or
flex-foot systems.
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Embracing the Advances in
Bone-Anchored Prosthetics

Hanger Clinic participated in the nation’s first FDA-approved feasibility study on
bone-anchored prosthetics (Sinclair et al., 2022). Since that time, the organization
has been actively involved in the prosthetic rehabilitation of those individuals
managed with FDA-approved bone-anchored prosthetic implants.
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Institute Support of Conferences Focused on Bone-Anchored Prosthetics

In addition to oversight of the clinical management of bone- Hanger Clinic is
anchored prostheses across the country, the Hanger Institute was . ,
o the nation’s largest
recently invited to present at the Global Consensus Conference
on Osseointegration in Charlotte, North Carolina as one of three civilian provider of
invited presenters on the topic of The 3 R’s: Research, Regulatory FDA-approved, bone-
and Reimbursement (Churchill et al., 2023). As the nation’s largest
civilian provider of FDA-approved, bone-anchored prosthetic
rehabilitation, this allowed us to share our observations on rehabilitation solutions.

regulatory and reimbursement trends in this space.

anchored prosthetic

Associates of the Institute were also invited to participate and present at the Bionic Reconstruction
Conference (BReCON), with the stated focus of “The Future of Integrated Upper Limb Surgical and Prosthetic
Innovation.” This included participation in the meeting’s Osseointegration Panel (Potter et al., 2023) and co-
presentation of a session on Prosthetic and Therapy Perspective on Pain (Crerar & Stevens, 2023).

The former allowed us to comment on our early experiences in managing individuals with transhumeral
bone-anchored prosthetic implants performed under Compassionate Use Exemptions from the FDA (Figure
8). The latter allowed us to share recent data on the strong correlation between pain interference and well-
being among patients with upper limb amputation, as well as the observed reduction in pain interference
when such patients are fit with their first prosthesis (Figure 9).

60 -
&
3 . Pain Interference Values Before
wn N . .
; and After Receipt of an Upper Limb
g Prosthesis
Figure 9: Aggregated data suggests that
56 the receipt of an individual’s first upper
limb prosthesis is associated with a
meaningful reduction in pain interference
. : values (59.8+ 8.5 to 55.7+9.6).
PAIN T-SCORE - 1 PAIN T-SCORE - 2
GROUP
Early Bone-Anchored REFERENCES
Transhumeral Fitting - Sinclair, S., Beck, J. P., Webster, J., Agarwal, J., Gillespie, B., & Stevens, P. (2022). The first FDA approved early feasibility study
of a novel percutaneous bone anchored prosthesis for transfemoral amputees: A prospective 1-year follow-up cohort study.
Figure 8: With direct Archives of Physical Medicine and Rehabilitation, 103(11), 2092-2104.
attachment of the prosthesis to « Churchill, C., Stevens, P. M., & Wenke, J. C. (2023 Nov). The 3 R’s: Research, regulatory, and reimbursement. Global
the implant, users are able to consensus conference on osseointegration. Charlotte, NC.
experience an unprecedented Potter, B. K., Fabbri, N., Nordstrum, M., Souza, J., Stevens, P. M., & Monroe, B. (2023 Nov). The future of integrated upper limb
P . ; P - surgical & prosthetic innovation: Osseointegration panel. Bionic Reconstruction Conference (BReCON). New York City, NY.
gain in their range of motion . Crerar, E. & Stevens, P. M. (2023 Nov). Prosthetic and therapy perspectives on pain. Bionic Reconstruction Conference
with their device. (BReCON). New York City, NY.
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Enhancing Outcomes Experienced by
Users of Upper Limb Prostheses

Several years ago, the Hanger Institute began collecting outcome measures on
their patients with upper limb amputation and limb deficiency to help inform best
practices in their prosthetic rehabilitation. While well-being was identified as the
primary measure of interest, additional measures included activity and participation,
upper extremity function, and pain interference. Additional research has been
collected on usage patterns using both accelerometry and patient-reported
outcomes. Collectively, these efforts have allowed us to better appreciate these
important considerations within this population.
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Measuring Bimanual Function 50
E
To properly measure a patient’s g) 2o -
success, the right instruments must ;
be selected to measure the outcomes 8
associated with that success. The % 0
PROMIS-UE Physical Function 9-item -
short form is a validated measure é 20
of nine bimanual tasks that include E
activities of daily living (ADLs), such as .
eating with a fork and knife, opening . .
and closing a zipper, buttoning a shirt, BASELINE e
and tying a knot or a bow (England et Improved Physical Function with the Receipt of an Upper Limb Prosthesis
al., 2021). However, until recently,the Figure 10: Baseline and follow-up physical function scores for individuals receiving
sensitivity of the instrument in their first upper limb prosthesis.

assessing function following the

delivery of an upper extremity prosthesis had not been reported. Members of the Hanger Institute
performed retrospective analyses of the clinical utility of the PROMIS-UE Physical Function before and
after the receipt of an individual’s first prosthesis.

In a pilot sample of 34 individuals reported upon at the AAOP Annual Meeting and Scientific Symposium,
subjects showed significant improvement in the PROMIS-9 UE scores between pre-prosthetic (23.6 +
8.20) intervention and post-prosthetic intervention (29.71 + 10.5)

(Figure 10). These findings demonstrate responsiveness to the

PROMIS-9 UE instrument in detecting changes after receipt of a m

patient’s first prosthesis (England et al., 2023). Activity and
Participation PROMIS APSRA | 0.577
Levels
Contributors to Well-Being
Bimanual
Physical PROMIS-9 UE 0.489
X . . 3 Function
With well-being selected as our primary outcome of interest for
individuals who have experienced an upper limb amputation, recent Crosthests | Tapes® 0456
analyses have attempted to better define the elements that appear ot
. . . . PROMIS PI 0.422
to have the greatest influence on this factor. Using patient responses Interferance

from the custom PROMIS-UE 9-item short form described above, the
PROMIS Abilities to Participate in Social Roles and Activities (APSRA),
the Trinity Amputation and Prosthesis Experience Scale (TAPES), Figure 1: Several constructs were found

and a question from PROMIS Pain Interference (Pl), the Institute has to be moderately correlated to well-

being among individuals with upper limb
amputations. (APSRA: Ability to Participate in
being appear to be activity and participation levels, bimanual upper Social Roles and Activities; TAPES-R: Trinity
Amputation and Prosthesis Experience
Scale-Revised; PI: Pain Interference question
(Figure 11). PAININ).

Significant Predictors of Well-Being
Following Upper Limb Amputation

confirmed that the constructs with the greatest relationship to well-

limb function, prosthesis satisfaction, and reduced pain interference
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Notably, other variables did not seem to influence ONE-HANDED TASKS TWO-HANDED TASKS

well-being in this population. This included hours 10 - ° T
of daily prosthesis use, time since amputation, 8
age, and gender (Stevens et al., 2023). 08 - o
Prosthesis Usage Patterns - .
9 0.6
In collaboration with partners at the University 'ﬂo_ﬂ
of Missouri, the Hanger Institute previously § o - *
reported upon the insights gained from the o
use of accelerometers on forearms and upper
arms of individuals with unilateral, acquired 0.2 1
amputation. This included the notable finding
that while isolated unimanual engagement of the 0.0 - J
prosthesis is uncommon, bilateral engagement Unilateral Bllateral Unilateral Blateral
with the sound upper limb is quite common,
and observed an average of four hours daily Proportion of Common Tasks Completed with Prostheses
(Frey et al., 2022). These observations were Figure 12: The average number of items from lists of both one- and

two-handed tasks that individuals with unilateral and bilateral upper
limb amputations report completing with their prostheses. Those
Annual Meeting and Scientific Symposium of the with unilateral amputation are more likely to use their protheses in
two-handed tasks, while those with bilateral amputations reported
engaging their prostheses to complete a greater percentage of
(Stevens et al., 2023). one-handed tasks.

supplemented with additional data at the 50th

American Academy of Orthotists and Prosthetists

This abstract confirmed the average daily

bimanual engagement of four hours among a larger cohort of individuals with acquired unilateral
amputation. It also presented new data on the distinct prosthesis usage patterns observed among
individuals with unilateral congenital upper limb deficiencies and acquired bilateral amputations.

The measured usage patterns in this study effort align well with self-reported usage patterns
observed in a separate collaboration between members of the Hanger Institute and researchers from
the Providence Rhode VA Medical Center, Northwestern University, Brown University, and Boston
University (Resnik et al., 2023). In this separate collaboration, individuals with unilateral and bilateral
amputations were asked to report whether or not they used their prostheses to accomplish a number
of one- and two-handed tasks.

Data from this exercise confirmed that patients with unilateral upper limb amputation are more likely
to engage their prostheses during bimanual tasks. By contrast, individuals with bilateral upper limb
amputation were more likely to report engaging their prostheses to complete unimanual tasks (Figure 12).
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Aggregated Observations Shared Internationally

Members of the Hanger Institute were recently invited to share our aggregated findings in the

realm of optimizing well-being during rehabilitation following upper limb amputation (Stevens &
Wurdeman, 2023). This allowed us to share our observations on well-being, activity and participation
levels, bimanual function, prosthesis satisfaction, and usage patterns with attendees from across the
globe with an eye toward future collaborations and discussions on the next steps in our upper limb
prosthetic research portfolio.
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insights of bilateral limb loss and congenital limb deficiency. American Academy of Orthotists and Prosthetists (AAOP) 50th Annual Meeting and Scientific
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Quantifying Mobility Constraints and
Validating New Technologies Among
Users of Lower Limb Orthoses

Recognizing the value and impact of a validated patient-reported outcome for
users of lower limb prostheses, the Hanger Institute has spent the last several years
collaborating with the University of Washington to produce a similar measure for
users of lower limb orthoses. We anticipate that the resulting instrument will help us
inform and optimize the clinical outcomes observed in this population.
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International Collaboration Auditing Existing Outcomes Instruments

The Hanger Institute recently collaborated with Jonkoping University in Jonkoping, Sweden, to
perform a systematic review of currently available outcome measures with respect to evaluating
the effects of lower limb orthotic interventions for individuals who have had a stroke (Ramstrand &
Stevens, 2023).

This effort, commissioned by the American Academy of Orthotists and Prosthetists, observed that
while some existing performance measures could detect functional differences between walking
with or without an ankle-foot orthosis, most of the reviewed measures were not sensitive enough to
distinguish between two types of orthoses.

Development of the Orthotic Patient-Reported Outcomes-Mobility (OPRO-M)

This observation supported the Institute’s subsequent collaboration with the University of Washington
to develop a patient-reported outcome measure that was designed specifically for those individuals
that utilize a lower limb orthosis. The result of this effort was the development and validation of the
Orthotic Patient-Reported Outcomes — Mobility (OPRO-M) (Balkman et al., 2023).

This represents the first successful attempt to create an assessment tool that can discern the differences
observed in mobility among individuals with different types of lower limb paralysis, different fall histories,
and different reliance on lower limb assistive devices (Figure 13). The collaborative efforts continued

as the Institute enrolled over 100 subjects to assess the validity of the instrument against existing
assessment tools, including both performance and self-report instruments (Balkman et al., 2024).

* * *
90 = [ — L I L I ¥ «
80 - -] ] o
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60 =
H Mobility Values Observed
50 7 I Among Lower Limb Orthosis
H Users by Paresis, Fall History,
409 1 and Reliance on Assistive
- - Devices
30 =
1 . 1 ¢ Figure 13: The added sensitivity
20 = L ° - of the OPRO-M is suggested by
° ° ° ° ° ° the differences in mean mobility
10 levels observed between those

with different types of lower limb
paresis, those with differing fall
histories over the preceding
year, and those reporting the use
of different assistive devices.
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The final phase of this collaboration is underway as additional subjects are being recruited to access the
instrument’s longitudinal sensitivity, or the ability of the measure to detect differences in performance
between those observed with no orthosis, replacement with a similar orthosis, or replacement with a new
type of orthosis.

Validating the Benefits of Microprocessor Control for Knee-Ankle-Foot Orthosis (KAFO) Users

Outcome measures were critical in a recent prospective study on the efficacy of microprocessor-
regulated knee-ankle-foot-orthoses (MPKAFOs). Hanger Clinic played a prominent role in the recruitment
and execution of a recent analysis of this technology, ultimately observing the impact of MPKAFOs in
improving balance, reducing falls, increasing walking speed, reducing pain, and increasing physical
function in appropriately selected individuals (Figure 14) (Ruetz et al., 2023). These findings have proven
pivotal in justifying the appropriate provision of this emerging technology for suitable patients.

m Traditional KAFO Microprocessor KAFO

Berg Balance Scale 38.8+8.9 424+8.9 <0.00001
Balance Confidence 52.8+187 647 +177 0.000M
; Associated with the Use
Falls 50+18.9 11+33 0.00047 oprocessor KAFOs
Figure 14: Significant benefits
associated with the use of
Fear of Falls, Indoor 3.2+27 19+23 0.00059

microprocessor KAFOs include
improvements in the Berg
Fear of Falls, Outdoor 53429 414238 0.0078 Balance Scale and Balance
Confidence, reductions in

falls, a fear of both indoor and
Dynamic Gait Index 136+29 159+32 <0.00001 outdoor falls, and improvements

in the Dynamic Gait Index.
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Translating Knowledge to the
Broader Rehabilitation Community

As we continue to develop as clinicians and healthcare providers, we believe that
education is key in ensuring our clinicians and partners have current information
to facilitate the best care for the patients we serve.
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r |nstitute’s
24 Conference
pation

The Institute has collaborated with

a number of professional education
conferences to share our research
findings with our physician, therapist,
orthotist, and prosthetist colleagues. This
included international participation at the
19th World Congress of the International
Society for Prosthetics and Orthotics.

%) American Academy of Orthotists and Prosthetists (AAOP) 50th
Annual Meeting and Scientific Symposium

), IL | March 6-9, 2024

- Reliability and Validity of the Orthotic Patient-Reported Outcomes — Mobility (OPRO-M) Short
Forms in Lower Limb Orthosis Users (Balkman, G. S., Bamer, A. M., Stevens, P. M., Weber, E.
L., Salem, R., Morgan, S. J., & Hafner, B. J.)

- Movement Patterns and Prosthesis Use with Transradial Amputation: Pilot Insights of
Bilateral Limb Loss and Congenital Limb Deficiency (Stevens, P. M., Motowar, B., David-
Stober, C., Buchanen, K., & Frey, S.)

- Translating Outcomes That Matter Most to Individuals Living with O&P to Shared Decision-
Making in the Practice Setting (Wilson, L., Gutin, M., Castleberry, T. J., Gress, E., Asatkar, S.,
Tahir, P., & Wurdeman, S. R.)

- Individuals in Warmer Climate Regions Do Not Report Worse Socket Comfort (Castleberry TJ,
England DL, Fylstra BL, Wurdeman SR)

- Response Probabilities of PLUS-M Scores for Individuals with Lower Limb Amputation
(Fylstra BL, Saenz S, Hafner BJ, Wurdeman SR)

- Successful Implementation and Utilization of PROMIS (Patient Reported Outcomes
Measurement Information System) in Clinical O&P Care (Castleberry, T. J., England, D. L.,
Fylstra, B. L., & Wurdeman, S. R.)

Bionic Reconstruction Conference (BReCON): The Future of
Integrated Upper Limb Surgical & Prosthetic Innovation

City, NY | Nov 30-Dec 1, 2023

- Prosthetic and Therapy Perspectives on Pain (Crerar, E. & Stevens, P. M.)

- Osseointegration Panel (Potter, B. K., Fabbri, N., Nordstrum, M., Souza, J., Stevens, P. M,,
& Monroe, B.)
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Global Consensus Conference on Osseointegration
Charlotte, NC | Nov 3-4, 2023

- The 3 R’s: Research, Regulatory, and Reimbursement (Churchill, C., Stevens, P. M.,
& Wenke, J. C)

American Congress of Rehabilitation Medicine
(ACRM) 100th Annual Conference
Atlanta, GA | Oct 30-Nov 2, 2023

- Factors Associated with Elevated Well-Being in Individuals with Upper Limb Amputation
(O’Brien, E. & Fylstra, B. L.)

- Caring for the Lower Limb Amputee: Post-op to Prosthesis Receipt to Rehabilitation and
Beyond (O’Brien, E. & Fylstra, B. L.)

American Orthotic and Prosthetic Association (AOPA)
2023 National Assembly
Indianapolis, IN | Sept 6-9, 2023

« Microprocessor Stance and Swing Control Orthosis for Patients Dependent on a
Knee-Ankle-Foot Orthosis for Walking: A Randomized, Controlled Crossover Trial
(Kannenberg, A. & Wurdeman, S. R.)

Clinical Orthopaedic Society’s 111th
Annual Meeting Scientific Program
New Orleans, LA | Sept 7-9, 2023

- Current Advances in Amputee Care for the Practicing Orthopedist: Pathway to Well-Being
Following Amputation (Stevens, P. M.)

Continuing Education Course: Amputee
Coalition National Conference
Orlando, FL | Aug 1-5, 2023

- Pathway to Well-Being Following Amputation: Considerations for Upper & Lower
Limb Patients (Ramcharran, E., Fylstra, B. L., Meints, J., & Stevens, P. M.)
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International Society for Prosthetics & Orthotics
(ISPO) 19th World Congress

o | April 23-27, 2023

- Factors Associated with Elevated Well-Being in Individuals with Upper Limb Amputation
(Stevens, P. M. & Wurdeman, S. R.)

- Influence of Co-Morbid Health and Component Selection on Mobility and Fall Risk Among
Older Diabetic/Dysvascular Amputees (Stevens, P. M. & Wurdeman, S. R.)

« Orthotic Patient-Reported Outcomes — Mobility (OPRO-M): An ltem Response Theory Based
Outcome Measure for Assessing Mobility in Lower Limb Orthosis Users (Balkman, G.,
Stevens, P. M., Weber, E., Bamer, A,, Salem, R., Morgan, S., & Hafner, B.)

American Academy of Orthotists & Prosthetists (AAOP)
49th Academy Annual Meeting & Scientific Symposium

N | March 1-4, 2023

- Recently Released Clinical Practice Guidelines on Rehabilitation Following Upper Limb
Amputation (Stevens, P. M. & Webster, J.)

- Well-Being, Bimanual Upper Limb Function, Activity & Participation and Prosthesis
Satisfaction are Strongly Correlated Among Individuals with Upper Limb Loss (Stevens, P. M.,
Todd, A., Mandacina, S., England, D., & Wurdeman, S. R.)

- Self-Reported Prosthetic Use: Implications On Prosthetic Design and Training (Stevens, P. M.,
Borgia, M., Heinemann, A. W., Ni, P., & Resnik, L.)

- Lifetime Mobility Values Following Lower Limb Loss (Fylstra, B. L., England, D. L., Stevens, P.
M., Campbell, J. H., & Wurdeman, S. R.)

- Initial Construct Validity of the Orthotic Patient-Reported Outcomes — Mobility (OPRO-M)
Item Bank for Assessing Mobility of Lower Limb Orthosis Users (Balkman, G., Bamer, A.,
Stevens, P. M., Weber, E., Salem, R., Morgan, S., & Hafner, B.)

- PROMIS-UE Physical Function Demonstrates Good Clinical Utility for Patients Following
Upper Limb Prosthesis Intervention (England, D. L., Stevens, P. M., Todd, A., Mandacina, S., &
Wurdeman, S. R.)

"’A‘ », \V/u‘
N \\. 0“"
B

“‘)\

=3 Hanger

CLINIC

Empowering
Human
Potential

=¥ Hanger

CLINIC!

2023-24 ANNUAL REPORT | HANGER INSTITUTE FOR CLINICAL RESEARCH & EDUCATION 24

HANGERCLINIC.COM/INSTITUTE ANGER CLINIC



http://HangerClinic.com/institute

—ducation:
lew

Education serves as the cornerstone for translating new evidence-based
treatment options to our partners in care, including our rehabilitation partners, our
orthotic and prosthetic (O&P) colleagues, and others invested in the care of the
patient populations we serve.

Through the Institute’s collaboration with the Hanger Professional Education team,
we deliver timely, relevant, and practical education to the rehabilitation community
every year. Our education covers topics ranging from the latest prosthetic
rehabilitation research to pediatric education and training, ensuring that our partners
are equipped with the latest advancements and best practices in patient care.

In 2023, we offered a multitude of programming to support our national and local
L educational efforts. Through the Hanger Institute’s National Virtual Classroom series,
Q we hosted “The Pathway to Well-Being Following Upper Limb Amputation,” featuring
Qfmﬁ upper limb experts who discussed the recent evidence along with case studies on
prosthetic design and rehabilitation techniques aimed at restoring meaningful bimanual
function and well-being through an individualized patient care approach.
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Additionally, Hanger’s Educating Partners in Care (E.P.I.C.) track, embedded
within Hanger’s national conference, Hanger LIVE, hosted its 2nd annual offering.

This growing community of physical and occupational therapists, O&P experts, and
patients participated in an immersive education and networking experience focused
on the unique care needs of limb loss patients.

Feedback from this event underscores the importance of multidisciplinary collaboration and
communication in achieving successful outcomes for prosthetic users. Participants highlighted
the significance of early collaboration with prosthetists and the profound impact of hearing
firsthand accounts from patients sharing their experiences. The event fosters a deeper
understanding of patient needs and promotes holistic approaches to care.

‘ ‘ | really appreciated the concrete,
evidence-based treatment ideas

and patient experiences [shared]

by our patient models.”
-~ATTENDEE

‘ ‘ | felt the group gait analysis and
transfer training was very beneficial

for me to be able to apply to my

treatment with this patient population.”
—ATTENDEE

In 2023, in collaboration with two of the top limb loss patient events around the country, we hosted
inaugural medical professional education sessions to further communicate the importance of our
multidisciplinary approach to care:

At Hanger Clinic’s EmpowerFest in Salt Lake City, the session “Navigating the Limb

Loss Care Journey: A Comprehensive Prosthetic Rehabilitation Approach for Therapists,”
provided therapists with a case study-based learning approach that included open
discussions for collaboration among patients and their rehabilitation partners.

At the Amputee Coalition’s National Conference in Orlando, the session “Pathway to
Well-Being Following Amputation: Considerations for Upper and Lower Limb Patients,”
reexamined conventional assumptions about prosthetic mobility in specific patient

groups based on recent Institute research findings while also discussing strategies to
enhance prosthetic mobility within those groups.
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Expanding Our Reach

In addition to our national educational efforts, the Hanger Institute and Professional Education team leads
the development of our nationwide CE Program that is offered and delivered in partnership with our
Hanger Clinic field team around the country. This unique program helps expand access to the exceptional
expertise of our clinicians everywhere. Every year, Hanger Clinic clinicians educate thousands of partners
locally through this program, ultimately improving access to the patients they care for.

Field Team Program Statistics

Course Topic Breakdown Attendee Demographics

General 1% Nurse/Social Worker 3%

Pediatrics 27%

Other Rehab Staff 29%

Orthotics 66% Prosthetics 66%

Occupational Thera
sical Therapy 53%

As we look towards the future, education remains a cornerstone of our commitment to advancing
patient care and empowering our rehabilitation partners. Through ongoing collaboration, innovative
programming, and a dedication to the highest standard of care, we will continue to equip healthcare
professionals with the knowledge and skills needed to deliver exceptional care to the orthotic and
prosthetic patient population. Together, we will shape a brighter future for those we serve, fostering
improved mobility and function, independence, and well-being.

REFERENCES

Fylstra, B., Meints, J., Stevens, P. M., & Ramcharran, E. (2023 Aug). Pathway to Well-Being Following Amputation: Considerations for Upper and Lower Limb
Patients. Amputee Coalition National Conference.
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Hanger Clinic O&P Residency Program

Since 1996, the Hanger Clinic O&P Residency Program has been the gold
standard and pillar of excellence in clinical education, having trained more than
875 O&P residents. Our investment in the next generation of clinical experts

is unparalleled, ensuring that patients across the country have access to care
delivered with empathy and expertise for years to come.

The Hanger Clinic O&P Residency Program helps prepare new graduates

for competent, autonomous clinical practice in the field of O&P. We utilize a
comprehensive, gradual experiential model within a broad-based professional
and academic environment conducive to the education and training of tomorrow’s
industry leaders.
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We count on our residents to continue our
storied tradition by offering a comprehensive,
state-of-the-art, patient-oriented training
environment that focuses on the development
of new clinicians in the most efficient and
effective manner possible. We provide elevated
education and requirements above and beyond
the standards of our resident credentialing
board NCOPE. Residents are required to
perform advanced activities, including viewing
surgeries and participating in advanced
evaluation clinics for our patients.

In 2023,
Hanger Clinic
hired 74 new
residents.

For training, 47 residents
selected the 12-month
option and 27 selected the
18-month combined option.

Residents also participate in our mock exam process that is held three times per
year. Both prosthetic and orthotic board-eligible clinicians attend, where they
participate in mock situations to prepare them for their board exams. This process
results in Hanger Clinic residents passing the board exam at levels higher than

industry averages.

The Hanger Clinic O&P Residency Program has a management structure that
allows continuous check-in by national and regional leaders (resident liaisons).

Each year, Hanger Clinic trains approximately 150 residents as they move

through the 12-month or 18-month options of training, most of whom stay with the

organization to continue their professional development.
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Who We Are:
Meet the Institute Teams

The Hanger Institute is fortunate to have access to a number of motivated

and talented professionals. These include internal Associates who oversee its
day-to-day operations and Hanger Affiliates who support a number of Institute
initiatives in addition to their primary responsibilities within Hanger Clinic and
other segments of Hanger, Inc. In addition, the Institute is engaged in a number
of research collaborations with Academic Partners as well as research and
development projects with Industry Collaborators.
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rship & Associates

The core faculty of the Hanger Institute is comprised of a team of dedicated
professionals in their disciplines of clinical care, research, and education.

James Campbell, PhD Phil Stevens, MEd, CPO/FAAOP Shane Wurdeman, PhD, CP, FAAOP (D)
SVP & Chief Clinical Officer Vice President of Clinical Affairs Vice President of Scientific Affairs

Siya Asatkar Kathleen Carroll, MS, MSPO, Todd Castleberry, PhD Megan Chamis, MSPO, CO
Research Assistant CPO, FAAOP Research Scientist Clinical Specialist Pediatrics
Outcomes Program Specialist

Patsy Diaz Delgado, MS Tom DiBello, L/CO, FAAOP Dwiesha England, MSEng Bretta Fylstra, PhD
Research Assistant Director, Clinical & Research Associate Post-Doctoral Researcher
Scientific Affairs

Liliana Komraus, MS Molly McCoy, CPO Erin O’Brien, CPO, FAAOP Shannon O’Shea, CPO
Senior Manager, Clinical Documentation Clinician & Clinical Area Clinic Manager & National
Professional Education Specialist Education Specialist Clinical Specialist, Pediatrics

Matthew Parente, MS, PT, Vahness Swilley Chris Toelle, CO Doug Reber, L/CO Eric Weber, CPO, FAAOP
CPO, FAAOP Director of Clinical Specialist Director, Education & Clinician & Clinical
Clinical Education Specialist Operations Orthotics National Residency Research Associate
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https://hangerclinic.com/find-a-clinician/siya-asatkar-phd/
https://hangerclinic.com/find-a-clinician/patsy-diaz-delgado-ms/
https://hangerclinic.com/find-a-clinician/molly-mccoy-cpo/
https://hangerclinic.com/find-a-clinician/tom-dibello-lco-faaop/
https://hangerclinic.com/find-a-clinician/todd-castleberry/
https://hangerclinic.com/find-a-clinician/bretta-fylstra-phd/
https://hangerclinic.com/find-a-clinician/shannon-oshea-cpo/
https://hangerclinic.com/find-a-clinician/doug-reber-co/
https://hangerclinic.com/find-a-clinician/kathleen-carroll-cpo/
https://hangerclinic.com/find-a-clinician/kathleen-carroll-cpo/
https://hangerclinic.com/find-a-clinician/dwiesha-england-mseng/
https://hangerclinic.com/find-a-clinician/erin-obrien-cpo-faaop/
https://hangerclinic.com/find-a-clinician/chris-toelle-co/
https://hangerclinic.com/find-a-clinician/megan-chamis-co/
https://hangerclinic.com/find-a-clinician/liliana-komraus-ms/
https://hangerclinic.com/find-a-clinician/matthew-parente-ms-pt-cpo/
https://hangerclinic.com/find-a-clinician/matthew-parente-ms-pt-cpo/
https://hangerclinic.com/find-a-clinician/eric-weber-lcpo-faaop/
https://hangerclinic.com/find-a-clinician/phil-stevens-med-cpo-faaop/
https://hangerclinic.com/find-a-clinician/shane-wurdeman-phd-cp/

1| Advisory Board

To provide guidance around our mission to explore, expand, and facilitate
opportunities that help advance leading-edge research, evidence-based care, and
quality education in O&P, the Hanger Institute formed an external Advisory Board
composed of highly respected, experienced members of the healthcare community.

Biykem Bozkurt, MD, PhD

Director, Winters Center for Heart Failure Research
Associate Director, Cardiovascular Research Institute
Baylor College of Medicine | Houston, TX

Judith M. Burnfield, PhD, PT

Director, Institute for Rehabilitation Science and Engineering
Director, Movement and Neurosciences Center

Clifton Chair, Physical Therapy and Movement Sciences
Madonna Rehabilitation Hospitals | Lincoln, NE

Catrine Tudor-Locke, PhD, FACSM, FNAK
Dean, College of Health and Human Services
Professor, College of Health and Human Services
University of North Carolina

Charlotte, NC

Douglas Smith, MD

Professor Emeritus, Department of Orthopaedic Surgery

University of Washington | Seattle, WA

Professor, Department of Physical Medicine and Rehabilitation

Uniformed Services University of the Health Sciences and the Henry Jackson
Foundation for the Advancement of Military Medicine | Bethesda, MD
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emic Partners

Collaborative research remains a core activity of the Hanger Institute, with team
members pursuing patient-centered research questions across a broad spectrum
of patient populations and interests. Several of our partners in such efforts include:

Department of Medicine
University of California San Franciso

Department of Physical Medicine and Rehabilitation
Northwestern University

Department of Physical Medicine and Rehabilitation
Mayo Clinic

Department of Physical Therapy
Virginia Commonwealth University

Department of Physical Therapy and Rehabilitation Science
The University of lowa

Department of Rehabilitation Medicine
University of Washington

School of Biological and Health Systems Engineering
Arizona State University

Walker Department of Mechanical Engineering
The University of Texas at Austin

al Grant Funding

As the Hanger Institute and its collaborators continue to pursue our diverse and
ongoing research efforts, we acknowledge and thank the associated funding
mechanisms and sources that support our activity through various research grant
awards. These entities include:

Department of Defense — Congressionally Directed Medical Research Programs
National Institutes of Health

National Institute on Disability, Independent Living, and Rehabilitation Research
US Department of Veterans Affairs

Center for Orthotic and Prosthetic Learning
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try Collaborators

The Hanger Institute recognizes the need to ensure optimal patient outcomes
across a range of patient populations and technologies. Accordingly, we continue
to partner with several industry colleagues, including:

1
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Infinite Biomedical Technologies LTI — a Coapt R&D company
Baltimore, MD, US Holliston, MA, US
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Warren, MI, US Lafayette, CO, US

°
[
®
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Evidence Update: Benefits of
Orthotic & Prosthetic Care

Recent research underscores the critical role of timely orthotic

and prosthetic services in enhancing mobility, preventing falls, and
reducing the associated healthcare costs. Implementing evidence-
based interventions and providing access to advanced prosthetic
technologies, like MPKs, can significantly contribute to better health
outcomes for individuals with limb difference and limb loss and offer
considerable cost savings to the healthcare system.

Key Findings

Receipt of prostheses within 0-3 months post-lower limb amputation
leads to a significant reduction in total healthcare costs by approximately
$25,000 within 12 months, compared to patients who did not receive a
prosthesis, highlighting the importance of timely provision of prosthetic

service (Miller et al., 2020). 7 3_@
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Microprocessor-controlled knees (MPKs) significantly reduce the odds {"-;ﬂ }'S:ﬁ
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of incurring an injurious fall among individuals with diabetic/dysvascular #4-3 -I-:‘-n;"_z*li RESEARCH
amputation, demonstrating the critical role of appropriate prosthetic & " =
technology in enhancing safety for amputees (Wurdeman et al., 2023). g-i,-t.i-q}*,g

Inclusion of microprocessor-controlled knees (MPKs) in prosthetic care
plans for individuals with above-knee amputations due to diabetes/dysvascular disease can have a significant
impact on the expected mobility for individuals across a wide spectrum of age ranges (Fylstra et al., 2023).

Individuals with lower limb prostheses who reported low self-reported functional mobility had significantly higher
odds of experiencing an injurious fall, highlighting the direct correlation between prosthetic mobility levels and
fall risk (Miller et al., 2023).

Individuals who are employed have 3.6x the odds of reaching increased mobility compared to those
unemployed, underscoring the significant correlation between employment status and higher levels of functional
mobility among lower limb prosthesis users (England et al., 2023).

Enhanced mobility in lower limb prosthesis users is linked to greater quality of life, reduced healthcare costs, and
lower risk of employment loss, making it a critical goal of rehabilitation efforts (Wurdeman et al., 2018, Miller et al.
2023, England et al., 2023).

Addressing key factors such as employment may aid in improving mobility levels among prosthesis users,
emphasizing the role of vocational rehabilitation and support services in the overall care strategy for individuals
with lower limb amputations (England et al., 2023).
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