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Abstract
In recent months, with the emergence of the COVID-19 pandemic, the American College of Surgeons and the U.S. Centers for Disease
Control and Prevention officially recommended the delay of nonemergency procedures until the public health crisis is resolved.
Deferring elective joint replacement surgeries for an unknown period is likely to decrease the incidence of infection with SARS-CoV-2
but is likely to have detrimental effects in individuals suffering from chronic knee pain. These detrimental effects extend beyond the
discomfort of osteoarthritis (OA) and the inconvenience of rescheduling surgery. Disabling pain is a driving factor for individuals to seek
medical intervention, including pharmacological palliative treatment and surgical procedures. The need for surgical intervention due to
chronic pain as for knee and hip replacement is now put on hold indefinitely because access to surgical care has been limited. Although
a moderate delay in surgical intervention may not produce a significant progression of OA within the knee, it could lead to muscle
wasting due to immobility and exacerbate comorbidities, making rehabilitation more challenging. Importantly, it will have an impact on
comorbidities driven by OA severity, notably decreased quality of life and depression. These patients with unremitting pain become
increasingly susceptible to substance use disorders including opioids, alcohol, as well as prescription and illegal drugs. Appreciation of
this downstream crisis created by delayed surgical correction requires aggressive consideration of nonsurgical, nonopiate supported
interventions to reduce the morbidity associated with these delays brought upon by the currently restricted access to joint repair.
Keywords: Total knee arthroplasty, Joint replacement, Joint pain, Elective surgery, Opioid, Chronic pain, Depression, Quality of

life, COVID-19, Osteoarthritis

1. Introduction
The first case infected with the novel coronavirus SARS-CoV-2
was confirmed in the United States in mid-January, 2020,23
nearly 2 months before the World Health Organization declared
COVID-19, the disease caused by SARS-CoV-2, a global
pandemic (March 11, 2020). As of the end of June 2020, more
than 2.6 million cases have been reported across the country,
with more than 10 million confirmed positive cases and 0.5 million
deaths worldwide (Centers for Disease Control and Prevention
[CDC]). The rapid dissemination of the virus, in addition to the
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severity of the symptoms in vulnerable populations, has imposed
great stress on the world economy and public systems. The
effectiveness of the healthcare system, at the front line of this
battle, is being tested every day.55 The exponential number of
severe COVID-19 cases in need of intensive care has produced a
well-described shortage of medical resources ranging from
essential supplies to qualified personnel.55 For this and other
reasons related to both the known and unknown epidemiology of
the spread of the virus, the American College of Surgeons and the
U.S. CDC officially recommended the delay of nonemergency
procedures until the COVID-19 crisis is resolved.1 This essential
measure has potentially seeded a new problem for millions of
patients who have been asked to defer elective surgeries as well
as an inevitable future backlog challenge for a healthcare system
under stress. Although some entities have made an effort to
continue providing treatment for those suffering from more severe
and acute conditions,2 it seems certain that patients with chronic
pain such as that of the knee and hip will be required to wait
months, if not longer, to receive the recommended/elected care.

2. Modeling the impact of knee replacement
surgeries deferment
Osteoarthritis (OA) in large joints is one of the major causes of
chronic pain worldwide. The 2013 Global Burden of Disease
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study reported that approximately 242 million people were
suffering from symptomatic and activity-limiting OA of the hip
and/or knee.44 The high prevalence of risk factors associated with
OA, increased longevity, progressive nature of the disease, and
limitations of effective long-term pain management therapeutic
options have driven joint replacement surgeries, and in particular
total knee arthroplasty (TKA), to become one of the most
common orthopedic procedures worldwide.33 More than one
million procedures were reported in the United States alone in
2017, including 966,000 knee arthroplasties and more than
600,000 hip replacements.27 Furthermore, projections of nearly
80% growth in the next 3 decades have been proposed.34,52
The current guideline for prioritizing surgical procedures is not
based solely on whether the disease is defined as “serious” with
long-term impact, but on multiple parameters encompassing
both immediate risk to patients and future severity of the
condition.2,55 In that approach, a patient could anticipate a delay
of at least 3 months for scheduled joint replacement surgeries,55
and likely could be asked to wait longer.
Based on epidemiologic TKA data,27 we modeled deferring
knee replacement surgeries for 3 months (March to May 2020),
assuming a progressive return to surgical capacity within the
following 3 months (return to 100% capacity by September 2020)
and then having the healthcare system generate 25% additional
capacity by the end of the year (Table 1). We realize this is a very
simplistic approach not taking into consideration that elective
surgery deferment is not nationwide (currently), that patients can be
redirected to other surgical centers, and that given the financial
fallout associated with elective surgeries revenue that hospital
systems are incentivized to reopen early and stay open as long as
possible. However, the model allows for 25% over capacity, which
might be difficult to achieve in an already efficient system limited in
surgeons, anesthesiologists, and overall capacity, and does not
take into account that TKA might be the lowest priority surgery
among deferred elective surgeries (see below), hence any backlog
effect might be compounded for this specific type of surgical
intervention. The model only assumes a one-time shutdown of 3
months, whereas in reality, a second wave of COVID elective
surgery slowdown or complete rolling local shutdowns is predictable as hotspots continue to emerge, and cases spike.
Taking into account the limitations of the model, we identified a
likely backlog of approximately 300,000 procedures during 2020
created by a theoretical 3 months deferment of all TKA surgeries,

forcing the health system to work at overcapacity at the end of this
year. Using this model, approximately 100,000 procedures would
be delayed for 90 days or more, with some delayed in excess of 6
months. In the best-case scenario, it would likely take the U.S.
surgical system 16 months (considering an average of 75,000
TKA per month) to clear the backlog of delayed surgeries. The
concluded length of time that a patient’s procedure would be
delayed and the time that it would take for the surgical system to
recover from the backlog would be the result of several factors
assumed in the model, such as a prompt return to normalcy, how
much excess of surgical capacity can be implemented by
December 2020, no other procedures taking precedence to joint
replacements when surgeries resume, and that the first patients
deferred would also be the first patients gaining access to surgery
once it is again available.
In accord to our model (Table 1), a recent study on the impact
of COVID-19 on hip and knee arthroplasty surgical volume in the
United States reported the estimates of nonessential total primary
TKA based on statistics from 2018 and 2019.7 For this analysis,
they excluded primary surgeries related to fractures, infections,
and other surgical revisions. The results predicted a delayed
number of surgeries per week between 20,738 (100% cancellation) and 5,184 (25% cancellations).
In the context of COVID-19 measures, joint replacements have
been classified within the lowest urgency among surgical
procedures,55 labeled as discretionary and for which deferment
of longer than 3 months is judged to be acceptable. This
stratification could put patients in need of joint replacement near
the bottom of the waiting list for surgical access once routine
hospital operations resume. Note that the wait times might be
longer than that proposed in the model. Based on statistical
models that consider surgical data from 1993 to 2017, Jain and
colleagues (2020) projected a surgical orthopedic backlog
(including total hip arthroplasty, TKA, cervical and thoracolumbar
fusion) that could last for 2 years. The total cumulative number of
cases contemplated in this calculation was approximately
500,000 by the month of July 2020 reaching more than 1 million
by May 2022, considering the normal monthly surgical volume
before the pandemic.29
Thus, considering the impact of a widespread delay in joint
replacement surgeries, it is critical to minimize the potential
consequences to both the individual as well as the healthcare
system. Our point here is that although a moderate delay in

Table 1
Total knee arthroplasty surgical backlog after a 3-month deferment order.
Months

#Patients

Surgical capacity

#TKR performed

#TKR delayed

0–30 d

30–60 d

60–90 d

901 d

TKR backlog

20-March

75,000

0%

—

75,000

75,000

—

—

—

75,000

20-April

75,000

0%

—

75,000

75,000

75,000

—

—

150,000

20-May

75,000

0%

—

75,000

75,000

75,000

75,000

—

225,000

20-June

75,000

25%

18,750

56,250

75,000

75,000

75,000

56,250

281,250

20-July

75,000

50%

37,500

37,500

75,000

75,000

75,000

93,750

318,750

20-August

75,000

75%

56,250

18,750

75,000

75,000

75,000

112,500

337,500

20-September

75,000

100%

75,000

—

75,000

75,000

75,000

112,500

337,500

20-October

75,000

110%

82,500

27,500

75,000

75,000

75,000

105,000

330,000

20-November

75,000

110%

82,500

27,500

75,000

75,000

75,000

97,500

322,500

20-December

75,000

125%

93,750

218,750

75,000

75,000

75,000

78,750

303,750

Model based on the estimation of 966,000 knee arthroplasties per year.23 The model assumes (a) an even distribution of 75,000 procedures per month, (b) that the orthopedic surgical system full capacity equals 75,000 cases
per month, (c) a progressive return to full capacity over 3 months (June-20 to September-20), (d) the procedures are rescheduled in chronological order to the initial presentation, (e) that other non-TKA surgeries do not affect
the recovering surgical capacity, and (f) the ability to implement surgical overcapacity by the end of the year (increasing an excess of 25% of procedures). The bold numbers represent the total TKR surgeries delayed at the end of
each period (#TKR delayed) as well as the size of the surgical backlog (TKR Backlog) that includes patients waiting for 1 month, 1 to 2 months, 2 to 3 months and more than 3 months. The Italic text represents the backlog
inflection point (highest backlog reached on August) and the final size of the backlog at the end of 2020 (20‐Dec).
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surgical intervention may not lead to a significant progression of
knee OA, it would likely have a significant impact on some
comorbidities associated with OA and overall patient quality of
life, especially on those whose surgeries have or will be cancelled.
Chronic pain is a critical driving factor for individuals seeking
medical intervention due to OA, including pharmacological
palliative treatment and surgical procedures.20,44 The constant
and intractable chronic pain with which patients live before their
scheduled orthopedic surgery, and for which they have elected to
proceed with the surgery, is indefinitely put on hold because of
the limited access to surgical care.

3. Health risks associated with deferring chronic
pain relief
Primary TKA, as well as other total joint replacement surgeries, is
reserved for patients suffering from debilitating and serious endstage OA characterized by severe pain, sleep disturbance, mood
alterations (depression, anxiety, and a sense of hopelessness),
decreased functional ability (with deconditioning and muscle
wasting), and failure to respond to conservative management.35
These and other serious conditions are defined by the FDA as
morbidities that produce a substantial impact on day-to-day
functioning; are irreversible, persistent, or recurrent; and if left
untreated, will progress from a less severe condition to a more
serious one.13 Although a large population of patients suffering
from orthopedic chronic pain, including severe knee OA, have
developed coping mechanisms, delaying surgical treatment in
these patients may overcome these mechanisms and increase
the risk of symptom worsening and other poor outcomes.

4. Effects of delayed total knee arthroplasty repair on
surgical outcome
Studies in patients with chronic pain have shown that prolonged
wait time for elective orthopedic surgeries can affect postoperative clinical outcomes by delaying improvements in pain and
function due to physiological variables such as muscle mass
deterioration.16,48 Fortin et al. (2002) reported that patients with
lower functionality scores before TKA have poor functional status
up to 2 years after surgery, including a higher incidence in the
need for assistance from other persons in activities of daily living.
Another study by Rossi et al. also reported the negative effects of
delaying access to TKA. The results show that patients with
delayed surgeries performed a lower level (grater pain and
difficulty with functional activities) than those with shorter waiting
times.49
The role of preoperative health-related quality of life (HRQOL)
scores as a predictor of postoperative outcomes has also been
described in other major joint replacement surgeries. Garbuz et al.
studied the postoperative effect of short (less than 6 month)
compared with long (greater than 6 month) waiting time on function
and HRQOL scores in patients scheduled for total hip replacement.18 Although the results did not show a difference in postoperative stiffness and pain, there was a negative impact on
functionality and HRQOL scores when surgery was delayed by more
than 6 months. Critically, the results suggested that each month of
shortening waiting time decreases the odds of achieving a better
than expected postoperative functional score by 8%. This difference
was reflected as 50% greater odds of worse results when surgery
was delayed more than 6 months. Data suggest that shorter waiting
time to surgery, higher functionality scores, and better quality of life
during preoperative stages can have a positive impact on TKA
outcomes.15 It is interesting that these comments are in accord with
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a large body of preclinical work in which persistent joint inflammation
may lead to the generation of chronic pain states that display a
polyneuropathic phenotype.60

5. Effects of delayed surgical repair on comorbidities
The impact of chronic pain secondary to OA unmitigated pain in the
patient whose surgical repair is delayed has multidimensional
characteristics. It goes beyond a simple change in physical status,
but is also associated with alterations in sleep, fatigue, and negative
mood,39,44 driving other comorbidities such as depression.14 The
prevalence of depression in patients presenting axial pain due to
orthopedic conditions has been reported to be as high as 89%.6
More precisely, clinical depression in patients waiting for TKA has
been reported as high as 60%.37 As an aside, it is interesting to note
that the coexpression of pain and depression reflects the spinofugal
pathways activated during chronic pain, which project to higherorder systems responsible for not only the sensory discriminative but
also the affective-motivational component of a chronic pain
phenotype.24,40,51 Indeed, the negative impact of the synergistic
effect of the pain-depression complex, as well as other psychological
conditions, such as anxiety and pain catastrophizing (PC), during
perioperative stages in patients waiting for TKA surgeries has been
described.19,31,39,58 Lingard et al. (2004) reported that mental health
status, among other preoperative variables, was associated with
poor functional outcome and persistent pain after TKA. Poor (lower)
preoperative emotional health (Mental Component Score ,50) in
patients undergoing TKR correlates with less significant improvements in physical function (when scored by Short Form 36 Physical
Component Score (SF-36 PCS) and Western Ontario and McMaster
Universities Osteoarthritis Index). Although only 6 of 165 patients
included in this study had a mental health-related diagnosis (eg,
anxiety and depression), one-third of the patients presented a
preoperative Mental Component Score ,50, suggesting that
subclinical conditions related to depression, anxiety, and poor social
support may be sufficient to produce suboptimal functional return
after TKR.5 It should also be noted that the patients who receive
surgery in the midst of the current pandemic could have further
adverse implications. Total knee arthroplasty is the final refuge to
many patients who would otherwise consider an alternative
treatment if available, given the known potential risk/poor outcomes
related to the joint replacement surgery.41 Patient dissatisfaction has
been reported as high as 30% and is not always positively correlated
with functional outcomes.9 Some of the physical complications
associated with TKA as endorsed by the members of the knee
society include postoperative bleeding, failure of wound healing,
symptomatic thromboembolic event, neural deficits, and vascular
injury.21 Moreover, satisfaction rates after TKA seem to be influenced
not only by physical outcome but also by the overall quality of life,
which is determined by variables such as behavioral and
psychological factors. Therefore, given the additional stress and
anxiety in the current pandemic scenario, opting for surgery could
lead to greater levels of dissatisfaction and higher demand for
postsurgical care. The latter could translate into additional visits to
health providers for postsurgical follow-ups, which could further
increase the risk of exposure to COVID-19, particularly in high-risk
population (age and comorbidities).
Pain catastrophizing is described as an exaggerated and
continuous negative mental status present during an actual or
anticipated painful experience leading to an overvaluation of pain
sensation.38 Pain catastrophizing has been clinically associated with
increases in pain perception, narcotic usage, depression, development of chronic pain, and poor quality of life postoperatively.38,47 The social effect of a health crisis such as the current
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COVID-19 pandemic could potentially increase the prevalence of PC
among patients waiting for surgical intervention by exacerbating the
3 cornerstones of PC: (1) magnification (feeling afraid that something
serious will happen), (2) rumination (unable to stop thinking about the
painful condition), and (3) helplessness (feeling that there is no
intervention one can partake to reduce the intensity of pain).5,47
Although, under normal conditions, patients suffering from chronic
pain may not be affected by short delays to surgical access,
additional factors present during a pandemic (ie, sudden unemployment or under employment) and the intrinsic high levels of
mental illness (approximately 20% prevalence in the adults) in the
United States43 can increase the susceptibility of this particular
population. These psychological variables and their progression over
time should be an additional factor to consider when postponing
major joint replacement surgeries in a susceptible population.

6. Effects of delayed surgical repair on morbidities
associated with opiates and illicit drug use
Another critical component that adds to the problem arising from
delayed orthopedic repair is the use of opioids, commonly
prescribed for pain relief in severe case of OA. Although opioids
are not recommended as a first line of treatment for patients suffering
from chronic pain conditions,62 their use is not uncommon in
patients progressing to disease states requiring surgery. In a 34,000patient cross-sectional study of preoperative use of opioids, it was
noted that 23% of the patients scheduled for surgery and 21% of
those scheduled for knee surgery reported preoperative use of
opioids.22 Despite the evidence of negative effect of preoperative
administration of opioids in postsurgical outcomes,17,45,46 an
increase in opioid prescriptions has in fact been observed in the
past decade,10,62 a trend with potentially deleterious consequences.
Preoperative opioid users have higher rates of consumption after
TKR as well as suboptimal improvement in pain and higher
dissatisfaction rates with the surgical outcome than opioid-naive
users. The incidence of chronic postoperative opioid use, 2 years
after TKA, among the preoperative opioid users has been reported
as high as 35% vs 5% in the nonuser population.17,46 Chronic
preoperative opioid consumption also seems to positively correlate
with longer time to discharge, poor rehabilitation progression, and
higher in-hospital complications and disability rates.32,62 In patients
suffering from chronic pain, the prevalence of opioid use disorder
has been reported as high as 43%.24 Furthermore, on the multisite
Prescription Opioid Addiction Treatment Study,59 83% of patients
with opioid use disorder reported pain relief as the primary initial
reason for use, and 56% of those reported withdrawal avoidance as
the mean reason for current use followed by pain relief in 22.6%.
Patients with poorly addressed chronic pain states are susceptible to other substance use disorders including abuse of alcohol and
illegal drugs, with high prevalence in adults suffering from arthritic
pain.24,56,57 A similar bidirectional prevalence as the one observed
with chronic pain and depression is present between chronic pain
and substance use disorders. Patients with chronic pain have been
reported to use illicit drugs (51%) and alcohol (38%) as a selfmedication for pain relief.4 Past health crises leading to quarantine or
isolation have demonstrated that the psychological effect of
diminished human interaction can be substantial and long-lasting.8
The social distancing that is so essential to the time course of the
pandemic cannot be easily separately from feelings of isolation that
have been identified as a potential trigger for an epidemic of clinical
depression.30 In the absence of the surgical alternative, the baseline
of 20% patients using opioids before their knee replacement22 might
significantly increase.
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What is to be done? The above commentary regarding the
issues posed by the practical need to halt and/or defer elective
joint replacement surgeries because of the COVID-19 pandemic
has the potential to create lasting negative effects for individuals
and the health system. As mentioned, joint replacements are not
exempt of complications, long recovery periods, and poor
outcomes, and it is important that surgeons and specialty
clinicians who frequently manage these orthopedic patients are
aware of and attuned to the critical need for aggressive nonopioid
management of these patients whose pain state will persist
otherwise unabated or worsen in the absence of corrective
surgery. For those suffering from orthopedic chronic pain, this is a
real threat that could go beyond their present physical pain,
impacting their long-term wellbeing and overall quality of life. If the
current health conditions cannot be corrected soon, or if new
wave of infected cases is presented forcing the additional
cancellation of joint replacement surgeries for several months,
the healthcare systems could be at risk of facing a new crisis
where chronic pain, depression, and long surgical waiting lists
would challenge its accountability and effectiveness again.
What is not needed is increased reliance on conventional
opioid use for these severe pain patients. Addressing the needs of
this patient population requires aggressive implementation of the
full range of available pain management protocols, although
those might currently be insufficient because surgery is generally
the last resort option when other approaches have failed. These
interventions include at least 3 components that should be
considered/addressed by the clinicians:
(1) Robust psychological support including counselling and an
active implementation of mindfulness protocols. Certain selfregulation practices such as mindfulness meditation has
shown to significantly attenuate pain, along with associated
depression and anxiety can be considered for the chronic pain
patients seeking narcotic-free, self-facilitated pain therapy.28,61 In a clinical trial, OA patients who completed the
mindfulness training before surgery had greater improvements
in pain and function 12 months after their surgery compared to
the group with usual standard of care presurgery. In fact, a
large proportion of patients who underwent the mindfulness
training decided to not proceed with surgery based on the
improvement observed.3
(2) Aggressive engagement of minimally interventional therapeutic approaches using titrated dosing of nonopioids, including
NSAIDs, acetaminophen, and gabapentin.11,12 Currently,
CDC recommends intra-articular administration of hyaluronic
acid and a limited number of glucocorticoid injections as a
second-line treatment in chronic OA patients who fail to
respond to acetaminophen and NSAIDs and are often used for
transient symptom relief. Most of the OA patients choose TKA
as their last resort, ie,, after trying all the available abovementioned existing drugs and hence very few may reconsider
this approach, given that even best of these agents are
beneficial only to half of the population taking these
medications, not to mention the side effects and potential
toxicities in patients with associated comorbidities.53
(3) Finally, implementing long-term therapeutic interventions
focusing on peripheral changes in neural afferent activity
arising from the inflamed joint including persistent periarticular
delivery of local anesthetics11 and ablating agents that target
the peripheral nerve terminal25,26,50,54 should be considered.
Selective neurotargeting of nociceptive nerve fibers can
induce analgesia without compromising motor and sensory
modalities unrelated to nociception. For example, targeting
the TRPV1 channel or NaV 1.7/1.8 sodium channels that are
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specifically expressed on sensory nerve fibers that transmit
pain signals are some of the therapies in development that has
gained attention in recent years. Resiniferatoxin (RTX), a
potent TRPV1 agonist, that specifically targets and ablates the
nociceptive nerve fibers is pending phase 3 trials for knee OA
pain and shows promising outcome in terms of long-term
efficacy.36 If the drug lives up to its promise, it could become a
viable alternative to surgery and supportive therapy for
patients in need of a pain-controlled deferment of their
surgical procedure. Similarly, NaV 1.8 blocker VX-150 has
efficacy in treating acute pain in multiple pain conditions, with
pending phase 2a results with OA in the knee.42
It should be noted that one-time outpatient procedures that do
not require frequent visits to the hospitals compared to traditional
nonsurgical/surgical management, consisting of lifestyle modification consultations or physical therapy, for example, would be
preferred as to limit possible exposure to pathogens during a
pandemic, even if sanitation precautions are taken. To summarize, we emphatically wish to make the point that the patients
suffering the enduring pain associated with a delay in joint repair
cannot be simply placed in a holding mode without anticipating
potential negative consequences of not managing their chronic
pain. Also, given the additional risks associated with surgery
under the current conditions, any alternative treatment allowing to
comfortably delay surgery might be medically and psychologically
welcomed by patients who would otherwise have to choose
between living with the pain or pushing forward with their surgery
and accept the inherent surgical risks in addition to SARS-CoV-2
exposure. Therefore, developing individual comprehensive minimally invasive pain management strategies and support for these
patients is critically important to their long-term quality of life, well
beyond the current short-term crisis.
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