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Introduction.

The aim of this literature review is a preliminary assessment of what evidence-based
research exists for the efficacy of a smart insole in the triage and rehabilitation of knee
osteoarthritis (KOA) and knee arthroplasty (KA) patients.

A smart insole has the potential to be a key improvement to KOA patients’ quality of life (QoL)
via rehabilitation and surgical prioritisation. The literature strongly advocates that smart insoles
that monitor plantar pressure, gait, and activity levels can help healthcare professionals (HCPs)
triage and rehabilitate KOA and KA patients.

The review has been organized into the following categories:

● Path Insight
● Assessment of Normal Balance and Gait Parameters

○ Balance, Gait and Falls
● What is Knee Osteoarthritis (KOA)?

○ Pathophysiology
○ Treatments

■ Non-surgical
■ Surgical - What is a Knee Arthroplasty?
■ Who Gets a Knee Arthroplasty? (KA Prioritisation)

● KA Waits, Quality of Life, & Mental Health
● Gait Changes in KOA

○ Gait Changes Through Disease Progression
○ Gait Changes Following KA

● Post-KA Rehabilitation
○ Current State of Post-KA Rehabilitation
○ The Future of KA Rehabilitation

Path Insight.
Path Insight is a smart insole designed to fit into everyday enclosed shoes. The insole is
characterised as smart, as it is connected to a smartphone app for the user and a digital
downstream dashboard for healthcare professionals. The data is collected during everyday
wear and gives insights using AI into a person's function in a useful format for patient education
and to support clinical decision making.



The insole collects data through sensors innervating the insole, in the form of plantar pressure,
temperature and gait analysis.

Additionally, Path Insight’s associated app tracks self-reported psychosocial health and fear of
falling using validated tools to better understand and review trends of mental health during
pregnancy.

Assessment of Normal Balance and Gait
Parameters.
Path Insight monitors a wide range of balance and gait parameters, measuring very specific
aspects of a person’s gait which can be used to support clinical decision making and for patient
education on function, inclusive of;

● Cadence
● Walking speed
● Gait cycle time
● Stance
● Stance loading
● Stance foot flat
● Stance pushing
● Swing
● Double support time
● Stride length
● Full walking distance
● Stride velocity
● Peak angle velocity
● Max swing speed
● Turning angle

● Lift-off angle
● Swing width
● 3D path length
● Support base
● Pressure loads across the foot
● Pressure distribution over time
● Posture differentiation (sitting,
standing, walking)
● Peak pressure
● Gait speed
● Horizontal shear
● Centre of Pressure (COP)
● Postural Sway
● Ground reaction force (GRF)
● Rotational force (torque)

This allows Path Insight to develop a comprehensive understanding of the users’ general
wellness, health, calculate falls risk, and detect falls.



What is Knee Osteoarthritis (KOA)?

Pathophysiology.
Knee osteoarthritis (KOA) is the progressive loss and damage of cartilage covering the bones
in the knee joint, most common in the elderly. KOA symptoms often progress, becoming more
severe, frequent, and debilitating, although the rate of this deterioration varies from person to
person. Common symptoms include knee pain with gradual onset that worsen with activity,
knee stiffness, swelling, and pain after sitting/resting for extended periods of time (Hsu et al.
2021).
KOA is the most common type of arthritis diagnosed, and its prevalence will continue to
increase as life expectancy and obesity rise. About 10% of over-60s have symptomatic KOA. In
those over 70, up to 40% have it, with more women suffering from it than men (Hsu et al. 2021).
Interestingly, not everyone who shows signs of KOA in their X-ray scans will have symptoms.
Reviews have found that 15–81% of patients with radiographic findings of KOA are
symptomatic (Bedson et al. 2008).

Treatments.
There are two main courses of treatment for KOA; surgical and non-surgical.

Non-surgical.
Non-surgical treatments include:
● Patient education
● Activity modification
● Physical therapy
● Weight loss
● Knee bracing
● Nonsteroidal anti-inflammatory drugs (NSAIDs)
● Etc.

The first-line treatment for all patients with symptomatic KOA is patient education and physical
therapy. UK National Institute for Health and Care Excellence (NICE) guidelines recommend



education, advice, information access, exercise and weight loss as core treatments for all
osteoarthritis patients (Collins et al. 2019). The American Academy of Orthopedic Surgeons
(AAOS) recommends supervised and home exercises for such patients. The benefits of
exercise are lost after 6 months if the exercises cease. Weight loss via diet control and
low-impact aerobic exercise can also help symptomatic KOA patients (Hsu et al. 2021).

Surgical - What is a Knee Arthroplasty?
If an individual has symptomatic KOA in at least 2 of the 3 compartments of the knee and fails
more conservative treatments, surgical procedures such as knee arthroplasties (KAs) can be
used. KAs, also known as knee replacements, are a method of reconstructing the knee joint by
removing the damaged parts and replacing them with prostheses (Hsu et al. 2020). Total knee
arthroplasties (TKAs) are highly cost-effective, costing £5623 per quality-adjusted life-year
(QALY) gained per patient (Dakin et al. 2012).

Fig. 1: Image of total and unicompartmental/partial knee arthroplasties from
https://orthoinfo.aaos.org/en/treatment/unicompartmental-knee-replacement/ (AAOS website).

Who Gets a Knee Arthroplasty?

The NHS states that “you may be offered knee replacement surgery if:
● you have severe pain, swelling and stiffness in your knee joint and your mobility is
reduced
● your knee pain is so severe that it interferes with your quality of life and sleep
● everyday tasks, such as shopping or getting out of the bath, are difficult or impossible
● you're feeling depressed because of the pain and lack of mobility

https://orthoinfo.aaos.org/en/treatment/unicompartmental-knee-replacement/


● you cannot work or have a social life (NHS, 2019)”

According to the United Kingdom NICE guidelines, for a patient to be eligible for a KA, there
must be significant, prolonged symptoms with supporting clinical and radiological signs (Adie
et al. 2019). However, beyond this, there is currently no specific threshold for KA patient
prioritisation (Adie et al. 2019). In countries including Canada (Laberge et al. 2019) and the UK
(Dieppe et al. 2008) hospitals often use a 'first-come-first-served' rule or adopt their own
policies on KA prioritisation. Patients describe that doctors seem to pay excessive attention to
age and excessive complaining from other patients rather than objective measures of QoL
(Dieppe et al. 2008).

KA rates are increasing and there is a mismatch between the need and provision of this
surgery. A UK study published in 2008 estimated that the need for TKAs is around
55,000/annum compared with provision which is about 30,000/annum (Dieppe et al. 2008).
This has resulted in a significant backlog. Although in 2004 the UK government set the goal a
reduce waiting times from ‘18 months to 18 weeks’ and this was largely achieved for some
time, this goal has not been reached for 5 years now
(https://www.health.org.uk/publications/long-reads/returning-nhs-waiting-times-to-18-weeks).
The onset of the pandemic has exacerbated this due to the cancellation of elective surgeries
with estimates suggesting it will take up to 48 months to reduce the waiting list for hip and
knee arthroplasties to pre-pandemic numbers (Oussedik et al. 2021). 54% of patients state
their arthritic pain has increased since surgery cancellation and 60-68% report emotional
distress from delays (Brown et al. 2020; Wilson et al. 2020). KA delays correlate to greater pain,
difficulty with functional tasks, less improvement post-surgery, and reduced quality of life (QoL)
(Mahdi et al. 2020; Desmeules et al. 2012; Rossi et al. 2009). Moreover, TKAs without delay
cost ~£1,418 less as they do not include non-operative treatment costs (Mather et al. 2014).

As Fig.2 demonstrates, the usual clinical pathway of a patient from KOA to a KA has several
steps. There are often two main initial routes to orthopaedic consultation; patients who wait
until their symptoms are unbearable (holding off), and patients who seek help preemptively
(Sansom et al. 2010). Those who seek help will usually do so in their GP’s office. If the GP
deems the patient’s state to be severe enough to be eligible for KA, they will refer them to an
orthopaedic surgeon. Each of these steps come with their own barriers to KA availability (See
Fig. 2).

https://navigator.health.org.uk/content/nhs-improvement-plan-putting-people-heart-public-services-2004
https://www.health.org.uk/publications/long-reads/returning-nhs-waiting-times-to-18-weeks


Fig 2: Image of care pathway for joint replacement patients and the barriers to KA (Dieppe et
al. 2008).

This lack of prioritization mechanisms in combination with the backlog/high demand of KAs,
results in inequalities for KA provision. For example, rates of surgery vary by 25–30% between
the different health regions of England and women are less likely to have received drug therapy,
be referred for specialist care, or be considered for KAs than their male counterparts, despite
women having lower rates of revision surgery (Dieppe et al. 2008; Adie et al. 2019). These
sex-related differences remain when factors such as co-morbidities and willingness to undergo
surgery are accounted for. This suggests that there may be some sex discrimination in primary
care (Dieppe et al. 2008). Literature evidence that patients with higher socioeconomic statuses
are prioritised by the NHS with waiting times up to 14% shorter than their disadvantaged
counterparts [Gutacker et al. 2014, Laudicella et al. 2012]. There is also a mismatch in



thresholds for KA referral due to a lack of proper prioritisation mechanisms between surgeons
and general practitioners (GPs). GPs, who act as ‘Gatekeepers’ seem to have higher standards
for who deserves a KA, meaning that some people who the surgeons would deem eligible for
KAs are not referred to the surgeon (See Fig.2; Dieppe et al. 2008).

All of the above highlights the need for improved decision aids for KA prioritisation. In
agreement, NICE recommends decision aids to support people referred for elective joint
replacement in making decisions about their treatment.

Gait Changes in KOA.

Gait Changes Through KOA Progression.

Gait changes.

Patients with KOA demonstrate reduced gait parameters (stride length and gait velocity are
reduced by 13.4% and 23.4%, respectively) arising from joint stiffness or reduced muscle
strength in the knees [27], and plantar pressure changes which contribute to foot pronation and
pain (Røsland et al. 2015, Zhang et al. 2017). The inability to prioritise patients for KA can be
solved by classifying KOA and other pathologies severity based on spatiotemporal gait
analysis. The literature proposes for stride length and cadence to be used for classification of
KOA severity, where shorter stride length and lower cadence is associated with higher severity
(Elbaz et al. 2014). A progressive decrease in cadence, walking speed, mean stride length,
swing phase duration and single support phase, and increased stance phase duration and first
double support phase correlates with increased KOA severity (Yadav et al. 2019).

KOA patients show the below changes in gait as their disease progresses (in terms of both
radiological findings and pain levels) /compared to healthy controls:
● Reduced:
○ Stride length  (Astephen et al. 2008; Hafer et al. 2020; Duffell et al. 2017; Yadav et al.
2019; Cheing & Hui-Chan 2001)
○ Step length (Wiik et al. 2017)



○ Walking velocity (Hafer et al. 2020; Wiik et al. 2017; Duffell et al. 2017; Yadav et al. 2019;
Cheing & Hui-Chan 2001)
○ Cadence (Hafer et al. 2020; Yadav et al. 2019; Cheing & Hui-Chan 2001)
● Increased:
○ Stance and stride time  (Astephen et al. 2008)
○ Stance % during gait (Astephen et al. 2008; Hafer et al. 2020; Yadav et al. 2019)
○ Gait asymmetry (Robadey et al. 2018; Wiik et al. 2017; Bączkowicz et al. 2018)
○ Gait width (Wiik et al. 2017)
○ Centre of pressure trajectory lengths in early KOA vs no KOA in single foot stance
(Duffell et al. 2014)

It should be noted when discussing gait asymmetry in KOA that if a patient has symptomatic
unilateral KOA (in one leg), this will result in asymmetries in knee biomechanics while bilateral
(both legs) pain is associated with symmetry (Creaby et al. 2012).

Machine learning models analysing changes in gait have been able to predict KOA severity as
measured by WOMAC pain scores (Kwon et al. 2020). Other machine learning methods for
detecting KOA have been developed using parameters such as vertical, anterior-posterior, and
mediolateral GRFs collected after KOA patients walked on a walkway containing force plates.
This method had a 5-fold cross-validated accuracy of 72.61% ± 4.24% (Kotti et al. 2017).

Plantar Pressure Changes.
It seems that individuals with KOA tend to have increased foot pronation. For example, some
papers have found that plantar pressures in the midfoot and first metatarsophalangeal joint
(MPJ) are higher in women with KOA than those without (Zhang et al. 2017). Other papers have
found that KA patients have much higher plantar pressure in the non-operated foot and the heel
region of that foot compared to healthy individuals (Heil et al. 2019).

Røsland et al. found significant correlations between the maximum force applied by the medial
forefoot and pressure pain thresholds, conditioning pain modulation, and WOMAC and BPI pain
scores in KOA patients as well as a (non-significant) tendency for the percentage maximal
force in the lateral forefoot to increase with increasing pain. This suggests that the maximal
force under the medial forefoot decreases as the pain increases (Røsland et al. 2015).



Gait Changes Following KA.
Gait parameters seem to improve following KAs. A recent systematic review concluded that
TKAs consistently improve postural stability compared to the pre-surgery state (de Lima et al.
2021). Gait speed, stride length, knee flexion/extension range, and maximal knee flexion all
increase 1-year post-TKA compared to pre-TKA (Bonnefoy-Mazure et al. 2020). However, in
Bonnefoy-Mazure et al. only maximal knee flexion post-TKA was found to influence the level of
patient satisfaction (Bonnefoy-Mazure et al. 2020). Contradicting this, Bączkowicz et al. found
an indirect correlation between gait velocity and function WOMAC subscores (Bączkowicz et
al. 2018). Suh et al. found that gait speed and gait endurance are positively correlated to
cadence and stride length while negatively correlated to timed up-and-go, stair-climbing test
ascent, stair-climbing test descent, visual analogue scale, WOMAC pain indices, stiffness and
function levels following TKAs. In other words, they found that the faster and more you can
walk after KA, the greater your cadence, stride length, and functionality and the lower your pain
and stiffness levels (Suh et al. 2019). Some papers, such as Heil et al., contradict this, showing
no significant changes in postural sway or plantar pressure pre and post KA (Heil et al. 2019).

Despite improvements in gait parameters, post-KA compared to pre-KA, TKA patients still have
worse balance compared to their healthy counterparts (de Lima et al. 2021; Bączkowicz et al.
2018). Following TKAs, Bączkowicz et al. found that patients have slower gait compared to
healthy control (Bączkowicz et al. 2018). Gait asymmetries in step length have been noted 15
weeks after surgery possibly due to the habit of using crutches in the early postoperative
period (Bączkowicz et al. 2018).

There are also some differences in gait between individuals with TKAs and those with
unicompartmental KAs (UKAs). While a recent meta-analysis showed that UKA and TKA
patients were similar in terms of vertical GFR, walking speed, and cadence while stride length is
shorter in TKA patients compared to UKA patients (Nha et al. 2018; Agarwal et al. 2019).



Post-KA rehabilitation.

Current State of Post-KA Rehabilitation.
The goal of postoperative care for TKA patients is to restore the greatest possible mobility and
muscle control to the knee. Adequate rehabilitation is important for achieving successful TKA
outcomes (Collins et al. 2019). The exact rehabilitation programme differs from surgeon to
surgeon. In-bed rehabilitation starts on day one of surgery. Full weight-bearing is also possible
under the supervision of a therapist with a walker. More active rehabilitation exercises, such as
straight leg raises, can start one day after surgery (Hsu et al. 2021). The average hospital stay
for a TKA is about 1-2 nights. Usually, patients have to show that they can safely walk with an
assistive device on flat ground and stairs as well as show the ability to get into bed from sitting
or standing positions and good pain control before being discharged from the hospital and
going home or to a skilled nursing facility (Hsu et al. 2021).

After leaving the hospital, patients get a postoperative visit at the two-week mark, where the
wound is checked and surgical staples are removed. If not already begun, at this point
outpatient physical therapy starts. Patients increase their walking, independence in daily
activities, and work on their range of motion and quadriceps strength. It usually takes patients
4-6 weeks to improve to the point where they can resume driving and operate car gas pedals
safely and rapidly. After 4-10 weeks they can get back to work, depending on what their job is.
Patient follow-up is usually at 6 weeks, 3 months, and one year after surgery. Once strength,
mobility, and balance are regained, patients can resume low-impact sporting activities although
high-impact activities are discouraged (Hsu et al. 2021).

However, rehabilitation communication is still not ideal with many KA patients with ongoing
pain blaming themselves for this pain and believing that they must either have done too much
or too little exercise in the immediate postoperative period (Dieppe et al. 2008). Although
post-surgery rehabilitation improves outcomes and can be more cost-effective than usual care
for at least 9 out of 10 patients, >50% of patients fail to continue recommended aftercare
following inpatient rehabilitation (Sibold et al. 2011). NICE recommends the need for further
research on long-term follow-up and monitoring after joint replacement surgery (NICE 2020).



The Future of KA Rehabilitation.

Rehabilitation has been shown to significantly improve QoL. Early-phase aquatic therapy,
enhanced physiotherapy protocols, and fast-track treatment improve quality of life according to
SF-36 and EQ-5Q questionnaires (Papalia et al. 2020). Heikkilä et al. showed the enrolling
patients in a 12-months progressive home exercise program starting two months post-KA
increased (improved) maximal mean velocity maximal mean cadence and reduced operated
leg stance time significantly compared with no-exercise controls (Heikkilä et al. 2017).
Furthermore, a recent meta-analysis found that early initiation of rehabilitation following KA is
associated with shorter lengths of stays in hospital, lower overall cost, with no evidence of
more adverse reactions (Masaracchio et al. 2017).

Enhanced recovery after surgery (ERAS) or fast-track programmes were developed by a Danish
surgeon, H. Kehlet in the 1990s (Kehlet et al. 1997). ERAS advocates a set of measures to
optimise treatment before, during, and after surgery to reduce postoperative physical and
psychological trauma and stress, and thus accelerate recovery. Berg et al. found that in TKA
fast-track programmes there were three chronological phases (Berg et al. 2019):
1. Preparation (approx. 3 months): Planning and patient preparation from operation
decision to hospital admission
2. Hospital stay for surgery (1-3 days): Time from arrival to discharge
3. Recovery: Starts after hospital discharge and includes rehabilitation, regaining function,
and returning to daily life activities(For more information see Fig. 3.)
This type of fast-track programme reduces hospital stay length and complications which result
in the length of hospital stays longer than 4 days without increasing readmission or mortality in
those >85 years old (Petersen et al. 2020).

Telemedicine further shortens hospital stays in fast-track programmes. A Danish clinical trial
found that providing a telemedicine solution to hip replacement patients cut lengths of stay
from 2.1 to 1.1 days (Vesterby et al. 2017). In a qualitative study, surveyed healthcare
professionals proposed several parts of the KA care pathway which could benefit from
telemedicine. They stated that prior to surgery, patients should be educated about the eligibility
criteria for surgery and healthcare professionals should be informed about patient-reported
outcome measures including, willingness for joint replacement, comorbidities, physical



functioning/performance, health behaviour, etc (Jansson et al. 2019). Following the COVID-19
pandemic, KA care has shifted further towards telemedicine (Windsor et al. 2021).

Telehealth can aid several aspects of patient experience highlighted in Fig. 3. For example, it
can be involved in prioritising patients according to functional outcomes and thus providing
patients with a surgery date at an earlier time point. This is particularly important as patients
report major anxiety around surgery dates with some stating “The heart pounds when the letter
comes it pounds enormously … because you don’t know what the date will be. And when you
see the date, you’re so happy … you’ve finally got a date, that you can mentally begin to focus
on something” (Berg et al. 2019).

Telemedicine can also provide standardised patient education prior to surgery about what to
expect. Some patients report not being aware of the loud sawing sounds that they will
experience if they opt for spinal anaesthesia as opposed to general anaesthesia, with many
stating that they would like to avoid the unpleasant experience of being conscious while they
are being operated on (Berg et al. 2019).

Rehabilitation can also be significantly optimised by telemedicine as previously mentioned with
the patient noting a need for improved information about post-operative care: “I would have
liked to know more about the period after the surgery. No one told me about that. Maybe I had
needed to be more prepared because it was very hard, at least the first 3-4 weeks” (Berg et al.
2019). Patients also note a lack of follow-up stating “In any event it concerns how one goes
and what one can expect. Limping like this. Yes, I think it’s a bit strange that the doctor didn’t try
to get information about how the operation had gone in greater detail, about how the patient is
feeling after the operation” (Berg et al. 2019).

There are now a few tech solutions targeting KA care. IDEEA(r), GaitSmart, SHIMMER3 IMU,
and ActivPAL3(tm) are technologies that involve placing multiple sensors on the thighs, ankles,
and feet or even taping sensors onto patients' skin.  However, attaching multiple sensors can
be complicated, bulky, and unseemly, making patients less likely to use them and limiting use
to in-clinic.

While some of these solutions, such as GaitSmart, do provide personalised rehabilitation
exercises for KA patients, they are too complicated for continuous monitoring and thus the only
function for in-clinic use. Providing only in-clinic monitoring makes such devices less likely to



help physicians prioritise patients or motivate exercising devices that continuously patients
and provides regular notification updates on their gait improvements such as actibelt(r) (gait
analyzing belt) and mymobility (Apple Watch app). These, however, have lesser accuracy
overall and do not directly measure aspects such as pronation, an element directly linked to
KOA pain, such as pronation. Currently, no pressure-sensing insoles for gait analysis pre- or
post-KA are available on the market.



Fig.3: Summary of patients’ experiences in the care of total hip and knee replacement (Berg et al.
2019)

Conclusion.
Path Insight has a variety of potential applications in the KOA population. Not only can its
ability to prioritise patients for KAs help decision making for healthcare professionals and
tackle the massive KA backlog, via the use of both pain questionnaires and objective gait
metrics, it can help reduce inequalities and biases in KA prioritisation. Furthermore, Path
Insight’s app will be able to provide patients with standardised clinician-approved information
on what to expect before, during, and after surgery. Finally, via monitoring patients’ gait metrics,
Path Insight will be able to provide personalised physiotherapist-approved prehabilitation and
rehabilitation exercises in order to get KOA and KA patients back on their feet.



​​References.
1. Hsu H, Siwiec RM. Knee Osteoarthritis. Crit Rev Phys Rehabil Med [Internet]. 2021 Jul 2

[cited 2021 Aug 9];16(3):211–31. Available from:

https://www.ncbi.nlm.nih.gov/books/NBK507884/

2. Bedson J, Croft PR. The discordance between clinical and radiographic knee

osteoarthritis: A systematic search and summary of the literature. BMC Musculoskelet Disord

[Internet]. 2008 [cited 2021 Aug 10];9:116. Available from: /pmc/articles/PMC2542996/

3. Collins NJ, Hart HF, Mills KAG. Osteoarthritis year in review 2018: rehabilitation and

outcomes. Osteoarthr Cartil [Internet]. 2019 Mar 1 [cited 2021 Aug 11];27(3):378–91. Available

from: http://www.oarsijournal.com/article/S106345841831553X/fulltext

4. Hsu H, Siwiec RM. Knee Arthroplasty. 2020 Jul 31 [cited 2021 Aug 10]; Available from:

https://www.ncbi.nlm.nih.gov/books/NBK507914/

5. Dakin H, Gray A, Fitzpatrick R, MacLennan G, Murray D, Group TKT. Rationing of total

knee replacement: a cost-effectiveness analysis on a large trial data set. BMJ Open [Internet].

2012 Jan 1 [cited 2021 Aug 10];2(1):e000332. Available from:

https://bmjopen.bmj.com/content/2/1/e000332

6. Adie S, Harris I, Chuan A, Lewis P, Naylor JM. Selecting and optimising patients for total

knee arthroplasty. Med J Aust [Internet]. 2019 Feb 18 [cited 2020 Sep 23];210(3):135–41.

Available from: https://onlinelibrary.wiley.com/doi/abs/10.5694/mja2.12109

7. Dieppe P, Dixon D, Horwood J, Pollard B, Johnston M. MOBILE and the provision of total

joint replacement: http://dx.doi.org/101258/jhsrp2008008018 [Internet]. 2008 Oct 1 [cited

2021 Aug 16];13(SUPPL. 3):47–56. Available from:

https://journals.sagepub.com/doi/10.1258/jhsrp.2008.008018?url_ver=Z39.88-2003&rfr_id=or

i%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed

8. Returning NHS waiting times to 18 weeks for routine treatment | The Health

Foundation [Internet]. [cited 2021 Aug 27]. Available from:

https://www.health.org.uk/publications/long-reads/returning-nhs-waiting-times-to-18-weeks

9. Oussedik S, MacIntyre S, Gray J, McMeekin P, Clement ND, Deehan DJ. Elective

orthopaedic cancellations due to the COVID-19 pandemic: where are we now, and where are

we heading? https://doi.org/101302/2633-146222BJO-2020-0161R1 [Internet]. 2021 Feb 12



[cited 2021 Aug 23];2(2):103–10. Available from:

https://online.boneandjoint.org.uk/doi/abs/10.1302/2633-1462.22.BJO-2020-0161.R1

10. Brown TS, Bedard NA, Rojas EO, Anthony CA, Schwarzkopf R, Barnes CL, et al. The Effect

of the COVID-19 Pandemic on Electively Scheduled Hip and Knee Arthroplasty Patients in the

United States. J Arthroplasty [Internet]. 2020 Jul 1 [cited 2020 Sep 23];35(7):S49–55. Available

from: /pmc/articles/PMC7195093/?report=abstract

11. Wilson JM, Schwartz AM, Grissom HE, Holmes JS, Farley KX, Bradbury TL, et al. Patient

Perceptions of COVID-19-Related Surgical Delay: An Analysis of Patients Awaiting Total Hip and

Knee Arthroplasty. HSS J [Internet]. 2020 Sep 15 [cited 2020 Sep 23];1–7. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/32952467

12. Mahdi A, Hälleberg-Nyman M, Wretenberg P. Preoperative psychological distress no

reason to delay total knee arthroplasty: a register-based prospective cohort study of 458

patients. Arch Orthop Trauma Surg. 2020 Nov 1;140(11):1809–18.

13. Desmeules F, Dionne CE, Belzile ÉL, Bourbonnais R, Frémont P. The impacts of

pre-surgery wait for total knee replacement on pain, function and health-related quality of life

six months after surgery. J Eval Clin Pract [Internet]. 2012 Feb 1 [cited 2020 Sep

23];18(1):111–20. Available from: http://doi.wiley.com/10.1111/j.1365-2753.2010.01541.x

14. Rossi MD, Eberle T, Roche M, Waggoner M, Blake R, Burwell B, et al. Delaying knee

replacement and implications on early postoperative outcomes: A pilot study. Orthopedics

[Internet]. 2009 Dec [cited 2020 Sep 23];32(12):885. Available from:

https://pubmed.ncbi.nlm.nih.gov/19968215/

15. Mather RC, Hug KT, Orlando LA, Watters TS, Koenig L, Nunley RM, et al. Economic

evaluation of access to musculoskeletal care: The case of waiting for total knee arthroplasty.

BMC Musculoskelet Disord [Internet]. 2014 Jan 18 [cited 2020 Sep 23];15(1):22. Available from:

/pmc/articles/PMC3897923/?report=abstract

16. Sansom A, Donovan J, Sanders C, Dieppe P, Horwood J, Learmonth I, et al. Routes to

total joint replacement surgery: Patients’ and clinicians’ perceptions of need. Arthritis Care Res

(Hoboken) [Internet]. 2010 Sep 1 [cited 2021 Aug 15];62(9):1252–7. Available from:

https://onlinelibrary.wiley.com/doi/full/10.1002/acr.20218

17. Gutacker N, Cookson R, Siciliani L. CHE Research Paper 114 Waiting Time Prioritisation:

Evidence from England [Internet]. 2015 [cited 2020 Sep 26]. Available from:



https://www.york.ac.uk/media/che/documents/papers/researchpapers/CHERP114_Waiting_ti

me_prioritisation.pdf

18. Laudicella M, Siciliani L, Cookson R. Waiting times and socioeconomic status: Evidence

from England. Soc Sci Med. 2012 May 1;74(9):1331–41.

19. Recommendations for research | Joint replacement (primary): hip, knee and shoulder |

Guidance | NICE.

20. Cheing GLY, Hui-Chan CWY. The motor dysfunction of patients with knee osteoarthritis

in a Chinese population. Arthritis Care Res [Internet]. 2001 Feb 1 [cited 2020 Sep

24];45(1):62–8. Available from:

https://onlinelibrary.wiley.com/doi/full/10.1002/1529-0131%28200102%2945%3A1%3C62%3A

%3AAID-ANR85%3E3.0.CO%3B2-W

21. Røsland T, Gregersen L, Eskehave T, Kersting U, Arendt-Nielsen L. Pain sensitization and

degenerative changes are associated with aberrant plantar loading in patients with painful

knee osteoarthritis. http://dx.doi.org/103109/030097422014923038 [Internet]. 2015 Jan 1

[cited 2021 Aug 10];44(1):61–9. Available from:

https://www.tandfonline.com/doi/abs/10.3109/03009742.2014.923038

22. Zhang Z, Wang L, Hu K, Liu Y. Characteristics of Plantar Loads During Walking in Patients

with Knee Osteoarthritis. Med Sci Monit [Internet]. 2017 Dec 1 [cited 2021 Aug 10];23:5714.

Available from: /pmc/articles/PMC5721590/

23. Elbaz A, Mor A, Segal G, Debi R, Shazar N, Herman A. Novel classification of knee

osteoarthritis severity based on spatiotemporal gait analysis. Osteoarthr Cartil [Internet]. 2014

Mar 1 [cited 2020 Sep 24];22(3):457–63. Available from:

http://dx.doi.org/10.1016/j.joca.2013.12.015

24. Yadav G, Debasish J, Gupta A, Sharma V, Parihar V, Kumar D, et al. Gait Parameters in

Different Knee Osteoarthritis Radiological Grades. Int J Adv Res Ortho [Internet]. 2019 [cited

2020 Sep 24];2(2):180014. Available from: https://chembiopublishers.com/IJARO

25. Astephen JL, Deluzio KJ, Caldwell GE, Dunbar MJ. Biomechanical changes at the hip,

knee, and ankle joints during gait are associated with knee osteoarthritis severity. J Orthop Res.

2008;26(3):332–41.



26. Hafer JF, Provenzano SG, Kern KL, Agresta CE, Grant JA, Zernicke RF. Measuring markers

of aging and knee osteoarthritis gait using inertial measurement units. J Biomech. 2020 Jan

23;99:109567.

27. Duffell LD, Jordan SJ, Cobb JP, McGregor AH. Gait adaptations with aging in healthy

participants and people with knee-joint osteoarthritis. Gait Posture. 2017 Sep 1;57:246–51.

28. Wiik AV, Aqil A, Brevadt M, Jones G, Cobb J. Abnormal ground reaction forces lead to a

general decline in gait speed in knee osteoarthritis patients. World J Orthop [Internet]. 2017

Apr 18 [cited 2021 Aug 10];8(4):322. Available from: /pmc/articles/PMC5396017/

29. Robadey J, Staudenmann D, Schween R, Gehring D, Gollhofer A, Taube W. Lower

between-limb asymmetry during running on treadmill compared to overground in subjects

with laterally pronounced knee osteoarthritis. PLoS One [Internet]. 2018 Oct 1 [cited 2021 Aug

10];13(10). Available from: /pmc/articles/PMC6193626/

30. Bączkowicz D, Skiba G, Czerner M, Majorczyk E. Gait and functional status analysis

before and after total knee arthroplasty. Knee. 2018 Oct 1;25(5):888–96.

31. Duffell LD, Southgate DFL, Gulati V, McGregor AH. Balance and gait adaptations in

patients with early knee osteoarthritis. Gait Posture [Internet]. 2014 [cited 2021 Aug

11];39(4):1057. Available from: /pmc/articles/PMC3989045/

32. Creaby MW, Bennell KL, Hunt MA. Gait Differs Between Unilateral and Bilateral Knee

Osteoarthritis. Arch Phys Med Rehabil [Internet]. 2012 May 1 [cited 2021 Aug 10];93(5):822–7.

Available from: http://www.archives-pmr.org/article/S0003999311010604/fulltext

33. Kwon S Bin, Ku Y, Han H uk-soo, Lee MC, Kim HC, Ro DH. A machine learning-based

diagnostic model associated with knee osteoarthritis severity. Sci Rep [Internet]. 2020 Dec 1

[cited 2021 Aug 11];10(1). Available from: /pmc/articles/PMC7519044/

34. Kotti M, Duffell LD, Faisal AA, McGregor AH. Detecting knee osteoarthritis and its

discriminating parameters using random forests. Med Eng Phys [Internet]. 2017 May 1 [cited

2021 Aug 11];43:19. Available from: /pmc/articles/PMC5390773/

35. Heil L, Maltry L, Lehmann S, Heil D, Lehmann C, Kopp S, et al. The impact of a total knee

arthroplasty on jaw movements, upper body posture, plantar pressure distribution, and

postural control. https://doi.org/101080/0886963420191574999 [Internet]. 2019 [cited 2021

Aug 24];39(1):35–46. Available from:

https://www.tandfonline.com/doi/abs/10.1080/08869634.2019.1574999



36. de Lima F, Melo G, Fernandes DA, Santos GM, Rosa Neto F. Effects of total knee

arthroplasty for primary knee osteoarthritis on postural balance: A systematic review. Gait

Posture. 2021 Sep 1;89:139–60.

37. Bonnefoy-Mazure A, Favre T, Praplan G, Armand S, Sagawa Junior Y, Hannouche D, et al.

Associations between gait analysis parameters and patient satisfaction one year following

primary total knee arthroplasty. Gait Posture. 2020 Jul 1;80:44–8.

38. Suh MJ, Kim BR, Kim SR, Han EY, Nam KW, Lee SY, et al. Bilateral Quadriceps Muscle

Strength and Pain Correlate with Gait Speed and Gait Endurance Early after Unilateral Total

Knee Arthroplasty: A Cross-sectional Study. Am J Phys Med Rehabil. 2019;98(10):897–905.

39. Nha K-W, Shon O-J, Kong B-S, Shin Y-S. Gait comparison of unicompartmental knee

arthroplasty and total knee arthroplasty during level walking. PLoS One [Internet]. 2018 Aug 1

[cited 2021 Aug 25];13(8). Available from: /pmc/articles/PMC6117028/

40. Agarwal A, Miller S, Hadden W, Johnston L, Wang W, Arnold G, et al. Comparison of gait

kinematics in total and unicondylar knee replacement surgery. Ann R Coll Surg Engl [Internet].

2019 [cited 2021 Aug 25];101(6):391. Available from: /pmc/articles/PMC6554568/

41. Sibold M, Mittag O, Kulick B, Müller E, Opitz U, Jäckel WH. Prädiktoren der Teilnahme an

einer Nachsorge nach ambulanter Rehabilitation bei erwerbstätigen Rehabilitanden mit

chronischen Rückenschmerzen 1. Rehabilitation [Internet]. 2011 [cited 2020 Sep

23];50(6):363–71. Available from: https://pubmed.ncbi.nlm.nih.gov/21647850/

42. Papalia R, Campi S, Vorini F, Zampogna B, Vasta S, Papalia G, et al. The Role of Physical

Activity and Rehabilitation Following Hip and Knee Arthroplasty in the Elderly. J Clin Med

[Internet]. 2020 May 9 [cited 2021 Aug 26];9(5):1401. Available from:

/pmc/articles/PMC7291199/

43. Anneli H, Nina SK, Arja H, Mirja V, Petri S, Konsta P, et al. Effect of total knee

replacement surgery and postoperative 12 month home exercise program on gait parameters.

Gait Posture. 2017 Mar 1;53:92–7.

44. Masaracchio M, Hanney WJ, Liu X, Kolber M, Kirker K. Timing of rehabilitation on length

of stay and cost in patients with hip or knee joint arthroplasty: A systematic review with

meta-analysis. PLoS One [Internet]. 2017 Jun 1 [cited 2021 Aug 26];12(6). Available from:

/pmc/articles/PMC5456061/



45. Kehlet H. Multimodal approach to control postoperative pathophysiology and

rehabilitation. Br J Anaesth. 1997;78(5):606–17.

46. Berg U, Berg M, Rolfson O, Erichsen-Andersson A. Fast-track program of elective joint

replacement in hip and knee - Patients’ experiences of the clinical pathway and care process. J

Orthop Surg Res. 2019 Jun 21;14(1).

47. Petersen PB, Jørgensen CC, Kehlet H, Group LFC for FH and KRC. Fast-track hip and knee

arthroplasty in older adults—a prospective cohort of 1,427 procedures in patients ≥85 years.

Age Ageing [Internet]. 2020 Apr 27 [cited 2021 Aug 26];49(3):425–31. Available from:

https://academic.oup.com/ageing/article/49/3/425/5685751

48. Vesterby MS, Pedersen PU, Laursen M, Mikkelsen S, Larsen J, Søballe K, et al.

Telemedicine support shortens length of stay after fast-track hip replacement: A randomized

controlled trial. Acta Orthop [Internet]. 2017 Jan 2 [cited 2021 Aug 26];88(1):41. Available

from: /pmc/articles/PMC5251263/

49. Jansson MM, Harjumaa M, Puhto A-P, Pikkarainen M. Healthcare professionals’

proposed eHealth needs in elective primary fast-track hip and knee arthroplasty journey: A

qualitative interview study. J Clin Nurs [Internet]. 2019 Dec 1 [cited 2021 Aug

26];28(23–24):4434–46. Available from:

https://onlinelibrary.wiley.com/doi/full/10.1111/jocn.15028

50. Windsor EN, Sharma AK, Gkiatas I, Elbuluk AM, Sculco PK, Vigdorchik JM. An Overview

of Telehealth in Total Joint Arthroplasty: https://doi.org/101177/1556331620972629

[Internet]. 2021 Feb 21 [cited 2021 Aug 26];17(1):51–8. Available from:

https://journals.sagepub.com/doi/full/10.1177/1556331620972629


