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COVID-19 placed stress on the U.S. health care system that forced it to change—in some ways, for
the better—but is our system too resistant to change to maintain such improvements after the
pandemic settles? Insights from materials science offer perspective on why action should to be taken
now in order to permanently retain temporary COVID-driven health system improvements.

COVID-Driven System Improvements

Caring for a surging volume of patients battling a novel disease with limited supplies amid the
disruption of revenue streams and daily evolution of governmental responses forced the US health
care system to transform almost overnight. Perhaps counterintuitively, the abrupt adaptation to
COVID-19 actually resulted in various system improvements. Examples include:

● Increased collaboration. The need for a rapid response to COVID encouraged collaboration
both within and between hospital systems. In New York, the hospitals of the Department
of Medicine at NYU Grossman School of Medicine developed a coordinated COVID
response despite their varied organizational structures. In Arizona, a single statewide
system equitably distributed COVID patients across several hospital systems, and in Utah,
competing hospitals joined the state government in forming a coordinated response.

● Organizational gains in crisis management. Pressed by the urgency of the pandemic,
health systems advanced their decision-making, experimentation, and innovation
capabilities.

● Refinement of ethical guidelines. At the onset of the pandemic, the finite supply of
ventilators and rising number of patients prompted the revision of ethical guidelines
regarding the allocation of critical care resources, creating a more equitable approach for
resource rationing in harmony with prevailing public health goals.

● Data application in public health. State health information exchanges (HIEs) were
harnessed to coordinate local and state pandemic responses, strengthening the bond
between HIEs and public health efforts. In Indiana, the Indiana HIE, Regenstrief Institute,
and public health agencies collaborated to develop interactive data visualization dashboards
that facilitated epidemiologic analysis of COVID-19 outbreaks within the state.

● Telehealth. Facilitated by the passages of the CARES act which temporarily allowed for
telemedicine reimbursement under Medicare, the increased utilization of telehealth
improved access to care, lowered the risk of infection for patients and providers, lightened
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the burden of patient demand on facilities, and opened the door for a technological
transformation of healthcare.

Efforts to improve our health system are often hindered by political, economic, and bureaucratic
obstacles. Remarkably, the exigence of the COVID-19 crisis forced these barriers to the side and
prompted a variety of system improvements that otherwise may have taken much longer to
develop.

With a majority of the population vaccinated and hospitalizations on the decline, the transition
from the pandemic to endemic phase may be around the corner. While we can hope that recent
improvements to health care delivery will become permanent after we transition back to normalcy,
we should not expect that to automatically be the case. Our health system may be so resistant to
change that, as the pandemic recedes, so will some of the progress that has resulted from it.

Let us examine this situation through the lens of a seemingly unrelated field: materials science.
The US health care system responded to COVID-19 much like a material such as metal responds
to stress, taking on a new shape as it adapts to force applied. Consequently, the principles of
engineering that govern how materials respond to stress also inform how our health system can
maintain COVID-driven improvements after the pandemic subsides.

The Materials Science Perspective: Elastic vs. Plastic Deformation

Simply described, when a material undergoes stress, it can experience two types of deformation, or
change in shape. Elastic deformation describes temporary deformation which resolves after stress
is removed. Think of stretching a coil spring. The spring elongates, but upon release, it returns to
its former size. Plastic deformation describes permanent deformation that remains even after
stress is removed. Think of bending a straight copper wire with pliers. After the pliers are
released, the wire retains a new, bent shape.

The amount of stress on a material determines which type of deformation it experiences. For each
material, there exists a specific magnitude of stress called the yield point. Stress below the yield
point will cause elastic deformation, and stress exceeding the yield point will cause plastic
deformation. More rigid materials have higher yield points and require more stress to undergo
plastic deformation, or permanent change.

The US health care system is a rigid material undergoing deformation in response to the stress of
COVID-19. Some of this deformation has proven to be good, yet the stress responsible for this
positive change will eventually resolve. Given this situation, the materials science perspective poses
the following question:

Is the stress of the pandemic above the US health care system’s “yield point”? Is it
sufficient to produce plastic, permanent change to the system that will remain after the
pandemic subsides, or is our system so rigid that many of the improvements resulting from
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the COVID crisis represent only elastic, temporary change that will retreat as the system
returns toward its pre-COVID baseline?

We suggest the possibility that the stress caused by COVID falls below the US health system’s
yield point. COVID has temporarily bent the system in many ways, yet it may prove insufficient to
induce permanent change in certain system elements. Thus, it may be reasonable to worry that
recent advancements in collaboration and care delivery might dissipate as the pandemic clears.
Unfortunately, this is not an unrealistic concern. Although recent system improvements such as
telehealth have been effective in helping our system face COVID, we should not underestimate the
power of the market to erode such developments after the pandemic has resolved if they are not
obviously profit-maximizing for the providing organizations.

Of course, the issue is not as black-and-white as this question and analogy assume. It is inarguable
that COVID will leave a permanent mark on the health care system. It is also clear that the effect
of COVID on the US health care is heterogeneous, varying in magnitude and direction across
various system elements. COVID may be well above the system’s yield point in some areas and fall
short in others. Accordingly, the point of this question is not to determine whether the system will
remain generally changed after the pandemic, but to evaluate how much of the recent improvement
can be made permanent.

If the stress applied by COVID is itself insufficient to permanently solidify certain system
enhancements, there is a way they may still be secured. Further principles from materials science
explain how and suggest a strategic approach for the optimization of COVID’s long-term effects on
our health system in spite of its substantial yield point.

The Materials Science Perspective: Grains and Recrystallization

The rigidity of a material arises from the microscale, where it is characterized by a strong
molecular binding pattern. This pattern is called the grain structure, and it is made up of small
crystalline lattices called grains. The strength of a material stems from the fact that the grains do
not face the same direction. To visualize this principle, think of ripping a t-shirt. The shirt tears
fairly easily until a seam is encountered. Like seams, the boundaries of grains are stopping points
for stresses that may deform the material. Consequently, the intricacy of a material’s diverging
grain structure orientations is a primary factor in determining its responsiveness to stress.
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Microscopic view of the grain structure of pure copper. (Struers)

The “grain structure” of our health care system is extensive, layered, and complex. The “grains” of
the system include over 900,000 physicians; millions of nurses and allied health professionals;
hospital and health system administrators; boards of directors, shareholders, and private equity
firms; public and private insurers; state and federal politicians and legislation; infrastructure and
supply chains; professional associations and societies; nearly 4 trillion dollars per year; and,
foremost, more than 330 million potential patients. Enduring change to the system must overcome
the status quo upheld by the sum of these elements. Or, in materials science terms, plastic
deformation of the system will require stress in excess of the yield point derived from this complex
grain structure. Consequently, our health care system is extremely resistant to reform, which is
why even a major stressor such as COVID-19 may be limited in its capacity to cause permanent
change.

The grain structure of a rigid material can be altered, however, so that plastic deformation is
easier to achieve. For a given material, there exists a temperature at which it enters a
recrystallization state. This temperature is not high enough to melt the material but is high
enough to excite the molecules and let them create new grains, altering how the material responds
to stress.

Consider the brief extension of a coil spring by a force that is below its yield point. The spring
would undergo momentary elastic deformation, then return to its original resting shape upon
release. If the spring were heated to its recrystallization state while being stretched, however, the
grains of the spring would realign to accommodate the extension. Then, release would not return
the spring to its former shape. Rather, the spring would retain a new, stretched geometry—even
though the force applied would have been insufficient to induce such plastic deformation under
regular conditions.

Hence, if the stress on a material is insufficient to cause plastic deformation on its own, heat can be
applied to induce recrystallization of the grain structure and enable plastic deformation without
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any additional stress. This is a way to bring about lasting modifications to rigid materials when
levels of stress above the yield point are difficult to reach. Analogously, if the force of COVID is
not sufficient to make all recent system improvements permanent, “heat” can be applied to realign
the system’s grain structure and allow for those improvements to become permanently
accommodated.

Applying Heat—Action Now

In physical science, heat describes energy associated with the random motion of the molecules that
compose matter. Extrapolating this concept to the health system, heat can be thought of as the
actions performed by the system’s numerous members: patients, providers, administrators,
insurers, and politicians among them. These constituents drive the system forward, providing
“heat” to the system in the forms of decisions and actions in clinical care, innovation, legislation,
lobbying, competition, and so on. The development and direction of our system relies on how these
individuals collectively apply such heat to the system.

As we progress beyond the COVID era, the stress of the pandemic on our system will be released.
Before then, heat—action—can be applied to specific areas of the system in order to establish
permanent “grain structures” that will ensure continuation of pandemic-era improvements, despite
the receding stress on the health care system.  We share three examples of areas where action can
be taken now to ensure improvement beyond the pandemic:

● Telehealth. Throughout the COVID pandemic, telehealth has proven to be an effective and
efficient care delivery method, and it represents a promising tool for improving access to
and continuity of care, dealing with provider shortages, and combating health disparities
among the underserved. Telehealth’s status as a standard model of care, however,
primarily remains a function of congressional action. Passage of the Telehealth
Modernization Act (S.368; H.R.1332) will establish its role in our system by permanently
extending Medicare reimbursement for telehealth services. Medicare’s adoption of
telehealth coverage will pave the way for similar action from private insurers. Congress,
encouraged by providers and patients, should act now in order to build upon the strides in
care delivery made possible through telehealth usage during COVID. Moving forward,
lawmakers should be intentional in setting specific goals for telehealth utilization that
address health disparities, cost-effectiveness, and quality and safety in order to fully
harness its capacity to facilitate meaningful system improvement.

● Organizational management, innovation, and efficiency. Responding to the COVID crisis
spurred rapid innovation in the management of health systems, including closer
collaboration between hospital departments, enhanced roles for innovation departments,
and unification of multi-hospital health organizations. These changes, as well as the
significant advancements in decision-making speed and experimentation capabilities needed
for their swift implementation, yielded gains in innovation and efficiency not possible
without the pandemic. Hospital and health system administrators should work to identify
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which COVID-driven collaborations, workflows, and practices are superior to those prior to
COVID within their systems so that gains in performance can be cemented. Determining
which new practices to retain and which prior practices to revive will be essential to
optimally leveraging COVID for improved organizational efficiency after the pandemic.

● Momentum toward capitation and value-based reimbursement models. At the onset of the
pandemic, elective procedures were postponed, disrupting regular revenue streams and
exposing the volatility of fee-for-service reimbursement. Systems who owned health plans
and providers under capitation contracts, however, enjoyed a consistent stream revenue
from premiums despite declines in patient volume. Beyond offering revenue stability for
providers, capitation and value-based payment models align the financial incentives of
providers with patient health—which fee-for-service fundamentally fails to do. COVID
precipitated a financial environment that favored capitation. As pandemic dissipates,
policymakers, with support from providers, should determine how to immediately build on
this momentum in order to promote the continuation of an environment that will facilitate
the needed transition away from fee-for-service and toward capitation and value-based
care.

Temporary improvements in these components of the health system can be solidified through
immediate action. If such efforts are set aside until the resolution of the pandemic, however, the
permanent effect will be lessened. As evident from materials science, if heat is applied to reset the
grain structure of a material while it is under stress, then the temporary change in shape will more
likely become permanent. Without effort to reorder the grains with heat while under stress,
however, that period of stress will become a lost opportunity to induce lasting change in the shape
of the material.

Accordingly, the degree to which COVID-driven improvements are permanently incorporated into
our system may depend on how quickly we can restructure related system components before the
stressful environment of COVID, which favored those changes, resolves and the system returns to
a characteristic level of rigidity. While we have offered a few examples of where action can be
taken to leverage the stressful period of the pandemic for a better system moving forward, the
purpose of this article is not to delineate a specific plan of action, but rather to emphasize the
urgency with which such action should be considered. We urge members of the health system to
determine which recently improved aspects of the system can permanently benefit from prompt
action while this unique period of systemic malleability remains upon us.
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