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Introduction

To test ankle instability, a series of standardized mechanical tests, each indicating laxity
of specific ligaments, are performed by an orthopedic clinician. Currently, these tests are
subjectively measured by the degree of mechanical laxity detected by clinician discretion and
expertise. Due to this, these tests lack objective measurement. In addition, little comprehensive
research on the diagnostic accuracy of these standardized tests has been completed (Croy et al.,
2013; Netterstrom-Wedin et al., 2021). Both of these confounding variables lead to high
subjectivity and inconsistency in diagnosis and treatment plans from provider to provider,
highlighting the lack of standardization within orthopedic care. Diagnostic accuracy of ankle
instability is crucial to patient treatment and clinical outcomes as judgement of these tests
determine and guide clinical decisions. If ankle instability is left untreated, post-traumatic
osteoarthritis (PTOA), a painful and disabling degeneration of cartilage and bone following
recurrent injury (Thomas et al., 2017), is very likely as 80-90% of arthritic change in the ankle is
post-traumatic (Delco et al., 2017; Song et al., 2019). Patients with a history of recurrent ankle

sprains comprise 70-85% of end-stage ankle PTOA surgeries
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Of particular importance, the anterior talofibular ligament [ -~

(ATFL), the lateral ligament connecting the fibula to the talus

Figure 1: Anatomy of Ankle.
Adapted from J Bernstein, ed:
Musculoskeletal Medicine.
acute ankle injuries that occur each year (Herzog et al., 2019). Rosemont, IL, American
Academy of Orthopedic

L . . . . Surgeons, 2003. Retrieved
This is the most common ligament injured in lateral ankle sprains October 26, 2022, from
https://orthoinfo.aaos.org/en/dise
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(Figure 1), injuries account for up to 73% of the two million



due to its low strength and low ultimate load, the force 2 B
or load required for complete breakage (Fong et al., )
2009; Dubin et al., 2011). By clinical standards, testing

of this ligament is done through the anterior drawer test j

. Figure 2: Standardized Ankle Instability Tests. A)
(ADT), a forward translational ankle movement exam Anterior Drawer Test, B) Talar Tilt Test. Reproduced
from Clinical tests of the lateral ligament complex. (A)
. . . The anterior drawer... (n.d.). ResearchGate. Retrieved
(Figure 2A). Concerns regarding this test have been October 26, 2022, from
https://www.researchgate.net/figure/Clinical-tests-of-
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particularly the ADT for testing of the ATFL, | will utilize my tool ~ Test- Created by Haley Frye

utilizing Microsoft PowerPoint.

issue of diagnostic accuracy of the standardized mechanical tests,

to evaluate the diagnostic accuracy of the clinical standard ADT by comparing it to a novel test,

an internal rotation test (IRT) (Figure 3).

Technology has the ability to revolutionize industries and ways of practice. Due to the
current lack of objective measurement in this field, quantifiable standards have not been placed
around the degree of ankle laxity appropriate for differing medical treatments, procedures, or
surgeries. To indirectly estimate the impact of this technology on the standardization of
orthopedic care, actor-network theory (ANT) will be utilized to map the current orthopedic
ecosystem surrounding lack of standardization around ankle instability testing. This analysis will

shed light on how subjectiveness and current ankle instability testing procedures effect patient



care and procedure requirements, quantification of ankle surgical technique effectiveness,
training new healthcare professionals, and lack of orthopedic medical expertise in medically

underserved areas (MUAS).

Technical Topic

Stated with more clarity, the problem associated with ankle instability testing is its
subjective, qualitative, and inconsistent nature. This is largely due to the inability to
quantitatively and objectively measure ankle instability and the research deficit on the diagnostic
accuracy of the standardized mechanical tests. In order to combat this subjectivity and
inconsistency, research must be conducted on the diagnostic accuracy of these tests, and to do
this, a tool must be created to objectively measure the displacement and degree changes in

movements within these tests to allow successful comparison and conclusion.

My solution to the first problem is to develop a computational program to calculate the
angle change and displacement of the ankle utilizing kinematic data provided from wearable
sensors. These wearable sensors will be worn by clinical patients during mechanical testing of
the ankle through the series of standardized instability tests. The MATLAB computational
program, consisting of the standardized tests’ algorithms, will receive raw kinematic data from
the Xsens MTw Awinda Sensors and compute the appropriate parameter, either degree change or

displacement change, depending on the test selected and performed.

My solution to the second problem is to investigate the diagnostic accuracy of
standardized tests utilizing the computational program and sensors. As stated previously, ATFL
injuries disproportionately affect individuals due to its mechanical weakness (Fong et al., 2009;

Dubin et al., 2011). Its uncharacteristic importance among ankle instability compels me to



challenge the ADT’s, the test utilized to test the ATFL, diagnostic accuracy and two other tests,

the IRT and the talar tilt test (TTT) (Figure 2 and Figure 3).

We suspect an IRT will provide earlier and more precise indication of an isolated ATFL
injury and that anterior drawer, or forward translation, is not changed with this injury. We
believe a positive, abnormal ADT results from more extensive ligamentous damage to the ankle,
specifically a conjunction of the deltoid or medial ligament, ATFL, and other ligaments, rather
than isolated injury to the ATFL alone. In contrast, isolated injury to the ATFL will result in an
increase in internal rotation instability, which is suspected to cause a positive, abnormal IRT
result. We propose to also evaluate the standardized mechanical TTT to test inversional rotation
and laxity. The mechanism of injury to this ligament consists of a combination of plantar flexion,
the motion associated with pointing your toes, and inversion (Melanson et al., 2022), justifying
the evaluation of ATFL influence on an inversional rotation test. The proposed approach has the
potential to serve as an establishment of a new standardized test, the IRT, to detect isolated
injury to the ATFL. In addition, it will investigate the current “gold standard” test, the ADT, in
the diagnostic accuracy of an isolated ATFL injury and to evaluate the ATFL’s influence on the

TTT.

STS Topic

Creation of the ankle instability objective measurement tool, if adopted among orthopedic
physicians, will advance the orthopedic care industry and its standardization. Current subjectivity
and inconsistency within orthopedic care has a multitude of societal impacts upon health
providers, patients, and researchers. In order to indirectly quantify the tool’s impacts, the current
multifaceted state of the orthopedic care field centered around lack of standardization and

subjective measurement will be investigated using ANT. This STS framework will explore “both



human and non-human elements equally as actors within a network” (Cressman, 2018, p.3) with
the intent to uncover the current deficits in ankle orthopedic care. Researchers have argued the
importance to evaluate technology in health services utilizing ANT (Cresswell et al., 2010). This
theory can be simplified as a fluid web of nodes with each node being human or non-human.
Every node has its own inherent, enabling and constricting characteristics, its socially
constructed role, and impact on other nodes (Latour, 2005, Third Source of Uncertainty: Objects
too Have Agency). The relationship between the nodes or actors can be explored through careful
and intricate analysis, and a working conclusion regarding their relationships and call for action

can be crafted.

Actors within my research network will consist of the mechanical instability tests, other
instability measures or test, patients, orthopedic physicians, medical students, researchers, other
health providers, orthopedic associations, and other nonhuman factors. The relationships
between the actors within this large web will be explored utilizing research techniques outlined
in a section below. The actors chosen are expected to be significantly impacted and constructed
in different ways by the lack of standardization within ankle orthopedic care as briefly presented

below. Through this analysis, other unexpected actors will certainly be uncovered too.

Medical Students & Orthopedic Physicians

Medical students undergoing orthopedic specialized training are provided these
subjective stress tests and other subjective questionnaires as a way to quantify ankle instability.
Frequently, training is on-the-job at their particular practice or hospital and not in a formalized
setting, giving rise to further inconsistency in practice among providers. Inconsistent training of
a multitude of subjective tests among new medical providers is a concerning issue for patient

wellbeing. These medical students mature to clinicians with their own teachings and



conservative or liberal opinions regarding patient care, impacted by their varying backgrounds,
clinical experiences, and age. This inconsistency and subjectiveness directly impacts patient

treatment, recovery, and future activity level.

Researchers, Instability Tests, & Other Instability Measures

Given the subjective nature of these tests, equivalent comparison across research studies
in order to evaluate treatment effectiveness is near impossible. In a retrospective analysis of post-
surgery instability using subjective questionnaires, researchers concluded “the disparity of the
results obtained with the different scores shows the necessity to establish a common evaluation
system in the literature to assess ankle instability and its treatment options” (Buerer et al., 2013).
Other researchers have denoted integration of patient presentation and perception into stress test
judgement, reducing applicability in longitudinal and postoperative evaluation due to a potential
systemic bias (Wenning et al., 2021). This conflicting situation does not allow comparable or
productive research in this field on instability and effectiveness of procedures, which is

necessary to halt the perpetual inconsistencies and lack of standardization.

Patients & Other Physicians

A large disruption in the standardization of orthopedic care is the lack of access to
orthopedic care in particular areas and to particular social groups, and the resultant societal
ramifications. Salazar et al. denoted barriers such as lack of staffing, insurance, physical location,
and access to appointments increase this gap in care, leading to preventable, yet devastating
complications (2019). The density of orthopedic surgeons in the US is 9.25 per 100,000
population with the proportion of foot and ankle surgeons a fraction at 5.2% (American

Academy of Orthopaedic Surgeons, 2019). Estimated demand for future orthopedic care is said



to heighten 20% in 10 years due to increasing age population, yet the population of current, new,
and future ankle orthopedists has not kept pace (Day et al., 2016; American Academy of
Orthopaedic Surgeons, 2016; Chan et al., 2020). Training of other healthcare providers pose a
solution to this shortage, which would be extremely benefitted by a standardized and consistent
tool. Early diagnosis by unspecialized providers will reduce patient spending cost, patient time,
and patient volume inside of orthopedic clinics, alleviating the demand for specialized
orthopedic attention. The relationship between the barriers to standardized care and the societal

effects must be researched in order to emphasize and estimate this detrimental problem.

Research Question and Methods

Research Question: How does the lack of standardization of ankle orthopedic care impact

patients and the healthcare ecosystem?

The identified actors within the ANT mapping will each be researched through
personalized methods, resulting in meaningful data collection and conclusions. Semi-structured
interviews will be conducted with no less than eight orthopedic physicians, orthopedic clinicians,
and medical students to evaluate mechanical ankle instability training and subjective use of the
tests. PearIDiver, a medical research database, will be utilized to estimate the difference between
patients who elect for ankle surgery procedures and do not within the United States. This will be
accompanied with literature review of articles pertaining to surgery selection criteria in order to
highlight differing procedure requirements among orthopedist, creating inconsistency in
orthopedic medical decisions and treatment. Literature review of pre- and post-surgery
comparison of ankle instability research papers will result in data collection of current
comparison techniques, highlighting the multitude of options that are not equivalently

comparable from study to study. Literature review of articles highlighting access barriers



aforementioned will be conducted to give context surrounding how it impacts patients and
providers alike. PearlDiver can also be used to gather orthopedic physician metrics to get more

up-to-date data regarding the trends of orthopedic specialist recruitment.

Conclusion

The lack of standardization surrounding ankle instability quantification stems from the
subjective nature of the commonly used ankle stress tests. This subjectivity begets inconsistency
in medical decisions and patient diagnosis. Diagnostic accuracy of ankle instability is pertinent to
patient treatment and outcome. Currently, limited research has been conducted for these stress
tests most used in practice. To combat these issues, | propose to create a wearable sensor
technology that calculates ankle displacement and angle change during instability testing. This
tool will be utilized in a research study to quantify the diagnostic accuracy of the current
standardized ankle mechanical tests. Study results will identify the most precise test to utilize in
ATFL injuries. Indirectly estimating the impact of this tool, the current ecosystem surrounding
ankle instability tests will be explored and mapped utilizing ANT. This analysis will uncover
deficits within the current state of standardization and the societal relationships affected,
stressing the importance of the topic. Standardization of ankle orthopedic care, testing, and
diagnosis is a necessity to establish and must be propelled to the forefront of issues present

within orthopedics.
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