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Osteoarthritis (OA) is the second most frequent chronic musculoskeletal (MSK) condition
after low back pain and a leading cause of disability in the elderly. The number of people
living with disability will continue to rise with the aging of the population. Moreover, the
rapid increase in rates of surgical intervention, i.e. Total knee replacement (TKR) and
revision TKRs, is expected to place an immense burden on the health care system and
society. There is a call for better rehabilitation, new interventions, and disease
management for patients with knee OA. The purpose of this article is to review the
biomechanics of knee OA and biomechanical interventions and to summarize the current
literature on a non-invasive, home-based biomechanical treatment for patients with knee
OA. The evidence suggests an improvement in symptoms and biomechanical indicators
after using the home-based biomechanical intervention. In the presence of value-based
payment to improve efficiency and effectiveness in delivering medical care, these results
are promising.

INTRODUCTION mated that by 2050, 130 million people will suffer from OA
worldwide, of whom the disease will severely disable 40 mil-
lion (Wittenauer, Smith, and Aden 2013), leading to a grad-
ual increase in burden for society.

Total knee replacement (TKR) is a common solution for
patients with end-stage knee OA. Over the years there has
been an increase in the demand for TKRs attributed to an
increase in life expectancies and a decline in the average
age of surgical candidates. More recently, an inactive

Osteoarthritis (OA) is the second most frequent chronic
musculoskeletal (MSK) condition after low back pain and
a leading cause of disability in the elderly (Storheim and
Zwart 2014; Endstrasser et al. 2020). The incidence of knee
OA is rapidly increasing due to global demographical
changes, mainly an aging population from increased life ex-
pectancy and the growing prevalence of obesity. It is esti-
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lifestyle exacerbated with COVID-19 can potentially put
more patients at risk for TKR (Endstrasser et al. 2020). For
the above reasons, the burden of knee OA on society is on
the rise (Klug et al. 2020). Existing pharmacological and
non-pharmacological interventions for OA remain insuffi-
cient. These include physical therapy, biomechanical inter-
ventions, oral medications, and injections (McAlindon et al.
2014). There is an urgent need for new non-invasive inter-
ventions to effectively treat knee OA and serve as an alter-
native to surgical intervention.

In this review we will focus on the biomechanical aspects
of knee OA and the use of biomechanical interventions to
treat knee OA. In addition, we will summarize the scientific
evidence of a non-invasive biomechanical intervention that
aims to reduce pain and improve function by shifting loads
and training neuromuscular control.

BIOMECHANICS OF KNEE OA AND
BIOMECHANICAL INTERVENTIONS

Biomechanics plays an essential role in knee OA. Under-
standing knee biomechanics is a prerequisite for designing
biomechanical knee assistive devices and optimizing reha-
bilitation exercises for patients with knee OA (Egloff, Hiigle,
and Valderrabano 2012; Zhang et al. 2020). A typical
healthy knee is exposed to 3-dimensional loads (Figure 1).
These include the knee adduction moment (KAM), the knee
flexion moment (KFM), and the knee external rotation mo-
ment (KERM) (Al-Zahrani and Bakheit 2002; Kaufman et al.
2001; Miindermann, Dyrby, and Andriacchi 2005; GOk, Er-
gin, and Yavuzer 2002). Knee OA is a degenerative “wear-
and-tear” disease that occurs most often in people > 50
years of age and affects the biomechanics of the knee joint.
The KAM, a primary biomechanical indicator for knee OA,
is commonly used to assess disease severity, progression,
prognosis and even predict the likelihood of developing fu-
ture chronic pain in an asymptomatic population. It also
correlates with early signs of knee OA, joint space narrow-
ing, medial joint capsule loosening, and symptoms (i.e.,
pain and functional disability) (Sharma et al. 1998; Amin et
al. 2004; Teichtahl et al. 2006; Hurwitz et al. 2002). Wear-
and-tear processes also occur to the dynamic stabilizers of
the knee, expressed by a deterioration of the neuromuscu-
lar control. Patients with knee OA have deteriorated mus-
cle function, including decreased muscle strength and com-
promised synergy (Messier et al. 1992; Lewek, Rudolph, and
Snyder-Mackler 2004). The biomechanical changes justify
the use of biomechanical interventions in patients with
knee OA.

Biomechanical interventions and walking aids are an in-
tegral part of the knee OA care-pathway. Amongst them are
footwear, wedge insoles, orthotics, and braces. Some have
been included in disease management guidelines (OARSI,
ACR, NICE, AAOS) (Carlson et al. 2018; Conaghan, Dickson,
and Grant 2008; Richmond et al. 2010; Schnitzer 2002),
mainly because they are conservative interventions with
low risk. However, in 2021, The American Academy of Or-
thopaedic Surgeons (AAOS) refined its recommendations
on biomechanical interventions and had strongly advised
against the use of lateral wedge insoles and advised with a
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Figure 1. Knee adduction moment

moderate level of confidence on the use of canes and braces
to alleviate pain and improve function and quality of life
among patients with knee OA (American Academy of Or-
thopaedic Surgeons 2021).

Although footwear modification has not been officially
reviewed and included in knee OA guidelines, there is some
evidence on their ability to decrease peak external KAM and
reduce pain. These include rocker-sole shoes, flexible/stiff-
ness shoes, mobility shoes, lateral wedge insoles, conven-
tional shoes with changing heel height, and walking with
a toe-out (i.e., external rotation) gait pattern. None of the
above have sufficient effect on KAM and symptoms (Radz-
imski, Miindermann, and Sole 2012).

The biomechanical interventions that are endorsed by
the international guidelines committee are walking cane
and valgus knee braces. Using a cane or a walking stick in
the hand contralateral to the symptomatic knee can poten-
tially reduce the peak KAM by 10% (Kemp et al. 2008). How-
ever, this might be a limitation when a patient suffers from
a bilateral condition since holding the cane in the ipsilateral
limb might cause an increase in KAM (Kemp et al. 2008).
Valgus knee braces are designed to redistribute the loading
in the knee by applying a valgus moment to generate an ab-
duction moment to reduce the KAM and ultimately allevi-
ate knee pain, yet its clinical effectiveness is inconclusive.
One of the main limitations of knee braces is compliance.
They are bulky, potentially uncomfortable, and might not
be a practical daily solution for many patients.

BIOMECHANICAL ALTERATION OF GAIT (BMAG)

A home-based biomechanical intervention (AposHealth®,
New York, US) that includes a unique foot-worn device to
manipulate the center of pressure (COP) and train neu-
romuscular control and a home-based treatment plan has
been in use for a few years. The therapy addresses the un-
derlying biomechanical aspects of knee OA (Haim et al.
2008; Haim, Rozen, and Wolf 2010; Haim et al. 2011;
Khoury et al. 2013, 2015; Solomonow-Avnon et al. 2015;
Solomonow-Avnon, Herman, and Wolf 2019; Solomonow-
Avnon et al. 2019; Khoury-Mireb et al. 2019; Debbi, Wolf,
and Haim 2012; Goryachev, Debbi, Haim, and Wolf 2011;
Goryachev, Debbi, Haim, Rozen, et al. 2011) (i.e., reducing
loads by shifting the center of pressure and neuromuscular
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training), while reducing pain and improving function
(Goryachev, Debbi, Haim, Rozen, et al. 2011; Debbi et al.
2015; Haim et al. 2012; Bar-Ziv et al. 2010, 2013; Drexler et
al. 2012; Lador et al. 2013; Elbaz et al. 2010, 2011; Elbaz,
Mor, et al. 2014; Lubovsky et al. 2015; Herman et al. 2018;
Reichenbach et al. 2020; Miles and Greene 2020; Barzilay et
al. 2015; Elbaz et al. 2009; Lee et al. 2018; Elbaz et al. 2013;
Haim et al. 2013; Atoun et al. 2016; Elbaz, Debbi, et al.
2014; Yaari et al. 2015; Debbi et al. 2019; Drexler et al. 2013;
Solomonow-Avnon et al. 2017; Segal et al. 2013; Tenen-
baum et al. 2017) (Figure 2). Patients are instructed to wear
a personally calibrated device for 30-60 minutes a day while
performing their daily activities at home or work (usage
time may increase gradually, depending on progress and
symptoms). The application of the treatment comprises the
functional rehabilitation principle, which stresses the im-
portance of task-specific rehabilitation with repetitive and
sub-conscious activities (Levin, Weiss, and Keshner 2015;
Charlton et al. 2021). The treatment has a detailed method-
ology. A trained clinician conducts an in-depth assessment
of the patient’s movement patterns and the root causes of
their pain. This consultation includes questionnaires re-
lated to pain, joint function, and quality of life, an inter-
view, computerized gait analysis, and physical examination.
Once the patient has been evaluated, the clinician personal-
izes the Apos foot-worn device by calibrating the under-sole
pods to the patient’s specific needs, validates the location of
the pods using subjective and objective measures, and then
prescribes a personalized program for the patient (supple-
ment video 1). For example, in medial compartment knee
OA, shifting the biomechanical elements laterally causes a
lateral shift of the COP that leads to a reduction in KAM
(Haim et al. 2008, 2011). Furthermore, shifting the biome-
chanical elements anteriorly causes an anterior shift of the
COP and reduces knee flexion moment (Haim, Rozen, and
Wolf 2010).

Clinically, there is growing evidence on the effectiveness
of this therapy in several MSK conditions, including knee
OA, (Goryachev, Debbi, Haim, Rozen, et al. 2011; Debbi et
al. 2015; Haim et al. 2012; Bar-Ziv et al. 2010, 2013; Drexler
et al. 2012; Lador et al. 2013; Elbaz et al. 2010, 2011; El-
baz, Mor, et al. 2014; Lubovsky et al. 2015; Herman et al.
2018; Reichenbach et al. 2020; Miles and Greene 2020) low
back pain (Barzilay et al. 2015; Elbaz et al. 2009; Lee et al.
2018), degenerative meniscal tear (Elbaz et al. 2013) ante-
rior knee pain (Haim et al. 2013) spontaneous osteonecrosis
of the knee (Atoun et al. 2016), total knee arthroplasty (El-
baz, Debbi, et al. 2014; Yaari et al. 2015; Debbi et al. 2019),
hip OA, (Drexler et al. 2013; Solomonow-Avnon et al. 2017),
total hip arthroplasty (Segal et al. 2013), and recurrent an-
kle sprain (Tenenbaum et al. 2017). In summary, patients
report a significant reduction in pain and improved function
and quality of life. In addition, a significant improvement
is also seen in objective gait metrics, including spatiotem-
poral, kinetic, and kinematic parameters. Lastly, there are
no serious adverse events related to the treatment, and pa-
tients report high compliance with the treatment program
(Elbaz et al. 2013).

We classified the evidence into two main areas: prospec-
tive clinical trials, RCT, or single cohort 3D motion analysis,
done in a controlled environment with a pre-defined, rel-

atively homogeneous patient population. The second one,
equally important, is real-life evidence demonstrating the
effectiveness in a heterogenic population suffering from
multiple MSK conditions, frequently with severe comorbidi-
ties. Both methodologies complement each other and ad-
dress different aspects, yet the effectiveness of the treat-
ment on patients’ symptoms was significant in both routes.
Whether in a controlled environment or in real-life clinical
practice, the clinical outcomes following treatment meet
the gold-standard clinical significance threshold (Copay et
al. 2018; Pham et al. 2004).

With respect to knee OA, studies show an improvement
in biomechanical parameters and indicators of knee OA
while walking with and without the device including a re-
duction in KAM (Haim et al. 2012), a reduction in knee flex-
ion moment (Debbi et al. 2015), improvement in muscle ac-
tivation (Goryachev, Debbi, Haim, Rozen, et al. 2011) and
improvement in spatiotemporal gait patterns (Lador et al.
2013; Elbaz et al. 2010; Elbaz, Mor, et al. 2014; Lubovsky
et al. 2015; Herman et al. 2018). The improvement in bio-
mechanical indicators was associated with improved pa-
tient-reported outcome measures (PROMS), i.e., pain, func-
tional disability, and quality of life (Bar-Ziv et al. 2010,
2013; Reichenbach et al. 2020). Recently, a double-blind
RCT was published in The Journal of the American Medical
Association (JAMA) (Reichenbach et al. 2020). Two hundred
twenty (n=220) patients with knee OA were enrolled in a
double-blind RCT that compared AposHealth to a sham de-
vice. Patients were assigned to one of two groups and were
treated for six months. The primary outcome measure was
the changes in pain and the secondary outcomes were func-
tion, QoL, gait patterns, and adverse events. A significant
reduction in pain and improvement in function and quality
of life was seen in the BMAG group with an average of 69%
reduction of pain. 92% of the patients in the intervention
group reported more than 30% reduction in pain, well above
the minimal clinical important difference, and 83% of the
reported more than 50% reduction in pain, a strong indica-
tion of the high efficacy with the number needed to treat
(NNT) equal to three (Reichenbach et al. 2020). Another
study evaluated the changes in KAM and symptoms of pain
and functional disability in a sub-group analysis of disease
severity measures by Kellgren and Lawrence (KL 2, KL 3-4)
and found both groups to improve significantly. A trend to-
wards increased improvement was seen in the more severe
group (Haim et al. 2012). The treatment also seems to have
a similar effect on sub-group analysis of age, BMI, and gen-
der (Drexler et al. 2012; Lubovsky et al. 2015).

With respect to long-term data, a two-year follow-up
study of patients with knee OA reported maintenance of
clinical efficacy seen after 8 weeks over a 2-yrs timespan
(Bar-Ziv et al. 2010, 2013). Patients reported a 62% reduc-
tion in pain and a 61% improved function with a significant
time-by-treatment interaction. Another retrospective study
evaluated pain, function, and gait patterns at 12 months
and reported a significant increase of 16% in gait velocity
alongside a significant reduction of 46% in pain and 45%
in functional disability (Lubovsky et al. 2015). Interestingly,
BMAG was shown to have a superiority effect as a reha-
bilitation regimen for patients post-TKR compared to tra-
ditional PT - an important fact given the statistics that
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Figure 1 AposSystem.

Image was provided by the company and was approved to be used.

Figure 2. The biomechanical device

suggest that 20%-30% of the post-TKR patients are with
consistent pain (Yaari et al. 2015; Debbi et al. 2019; Wylde
et al. 2011, 2018).

Although there is no published data on the cost-effec-
tiveness of BMAG in knee OA population, one study showed
a significant reduction of 58% in rescue medicine during a
2-month trial comparing the therapy to controls (Bar-Ziv et
al. 2010). In a different study, the researchers reported that
only 3% of patients with degenerative meniscal tear pro-
gressed to knee arthroscopy (Elbaz et al. 2013). One dou-
ble-blind study with long-term two-year follow-up data on
decay for total knee replacement reported that 2.6% of pa-
tients treated with BMAG required a TKR compared to 31%
of patients in the control group, an absolute risk reduction
of 28.4% (relative risk reduction of 92%), NNT = 3.5 (Bar-Ziv
et al. 2013). There is a need for additional studies evaluat-
ing the cost-effectiveness of this intervention as well as the
long-term (>2 yrs.) effect.

Some limitations should be acknowledged. First, this ar-
ticle was not aimed to perform a systematic review of non-
invasive biomechanical interventions for patients with knee
OA. For that reason, we did not conduct a literature review
and some information might be missing. Secondly, we pro-
vided a summary of evidence of a non-invasive biomechan-
ical intervention and relied on the available scientific evi-
dence to date of the review. There are only two large RCTs
that assessed the clinical effect of the treatment and some
small-size trials looking at long-term outcomes compared
to controls. Although it appears that this intervention has
positive results with minimal risks, more trials are war-
ranted to determine the long-term effect of the treatment.

Before & aposieaith

With & apostieatin

Supplement: A link to a YouTube video of the before
& after effect.

URL: https://www.youtube.com/embed/5-LIbd_mj2E

CONCLUSIONS

The increased prevalence of knee OA and its associated bur-
den on the healthcare system, society, the individual, and
caregivers is worrying. Moreover, the projections of annual
rates of TKRs, the end-stage solution for patients with knee
OA, and revision TKR are alarming. There is an urgent need
for a systematic change to control these projections. In the
presence of Value-Based Payment considerations to im-
prove efficiency and effectiveness in delivering medical
care, the entire healthcare system should be accountable
for both quality and cost of care. With the recommendation
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of improving population and policymaker awareness of the

importance and benefits of managing knee OA, including
new solutions for an increasing number of people living
with disability associated with knee OA is warranted. The
reviewed non-invasive, home-based biomechanical inter-
vention was found to be safe and effective for patients with
knee OA and we believe that it has the potential to be of
value to patients.

Submitted: December 23, 2021 EST, Accepted: February 10,

2022 EST

Figure 3. Mechanism of action
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IMPORTANCE Individually calibrated biomechanical footwear therapy may improve pain and CME Quiz at
physical function in people with symptomatic knee osteoarthritis, but the benefits of this jamacmelookup.com
therapy are unclear.

OBJECTIVE To assess the effect of a biomechanical footwear therapy vs control footwear over
24 weeks of follow-up.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted at a Swiss university
hospital. Participants (N = 220) with symptomatic, radiologically confirmed knee
osteoarthritis were recruited between April 20, 2015, and January 10, 2017. The last
participant visit occurred on August 15, 2017.

INTERVENTIONS Participants were randomized to biomechanical footwear involving shoes
with individually adjustable external convex pods attached to the outsole (n = 111) or to
control footwear (n = 109) that had visible outsole pods that were not adjustable and did not
create a convex walking surface.

MAIN OUTCOMES AND MEASURES The primary outcome was knee pain at 24 weeks of
follow-up assessed with the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAQC) pain subscore standardized to range from O (no symptoms) to 10 (extreme
symptoms). The secondary outcomes included WOMAC physical function and stiffness
subscores and the WOMAC global score, all ranging from O (no symptoms) to 10 (extreme
symptoms) at 24 weeks of follow-up, and serious adverse events.

RESULTS Among the 220 randomized participants (mean age, 65.2 years [SD, 9.3 years]; 104
women [47.3%]), 219 received the allocated treatment and 213 (96.8%) completed
follow-up. At 24 weeks of follow-up, the mean standardized WOMAC pain subscore improved
from 4.3 to 1.3 in the biomechanical footwear group and from 4.0 to 2.6 in the control
footwear group (between-group difference in scores at 24 weeks of follow-up, 1.3 [95% Cl,
-1.8 to -0.9]; P < .001). The results were consistent for WOMAC physical function subscore
(between-group difference, -1.1[95% Cl, -1.5 to -0.71), WOMAC stiffness subscore
(between-group difference, -1.4 [95% Cl, -1.9 to -0.9]), and WOMAC global score
(between-group difference, -1.2 [95% Cl, -1.6 to —0.8]) at 24 weeks of follow-up. Three
serious adverse events occurred in the biomechanical footwear group compared with 9 in the
control footwear group (2.7% vs 8.3%, respectively); none were related to treatment.

CONCLUSIONS AND RELEVANCE Among participants with knee pain from osteoarthritis, use of
biomechanical footwear compared with control footwear resulted in an improvement in pain
at 24 weeks of follow-up that was statistically significant but of uncertain clinical importance.
Further research would be needed to assess long-term efficacy and safety, as well as
replication, before reaching conclusions about the clinical value of this device.
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Avoidance of Total Knee Replacement
in a Population Health Setting:
Introducing a Noninvasive Biomechanical
Intervention for Patients with Knee Osteoarthritis

lan S. Drew,' Marc Hoffing? Charles Lim? David Leece? Matt Suess? and Richard Merkin®

Abstract

The observed increase in osteoarthritis (OA) of the knee as a result of an aging population and the obesity
epidemic has led to a concomitant increase in the rates of total knee replacement (TKR), placing an additional
financial and social burden on the ability of health care systems to control medical costs. Our study shows how a
home-based, noninvasive biomechanical intervention reduced the rate of progression to surgery for a cohort of
237 patients with knee OA deemed eligible for TKR based on pre-established clinical selection criteria. Over
the 24-month study period, 204 patients (86%) avoided surgery, with only 33 patients (14%, 95% confidence
interval 82%-91%) progressing to a TKR with an average length of time to TKR of 324 days (ranging from 31
to 671 days). The application of this intervention provides health plans and provider networks managing patient
care under financial risk arrangements an opportunity to realize significant cost savings without compromising
quality of care or clinical outcomes.

Keywords: knee osteoarthritis, total knee replacement, nonsurgical intervention, financial risk management

Introduction cular training, and dietary weight management. However,

the efficacy of nonsurgical interventions for patients with

O STEOARTHRITIS (OA) RANKS AS THE 15th highest cause
of the number of years lived with a disability.! OA is
known to negatively impact the quality of life (QoL) in older
adults by causing poor functional ability, pain-related dis-
tress, depression, and feelings of social isolation.” Both aging
and rising rates of obesity are contributors to the increase in
the prevalence of knee OA.> In the absence of therapies that
are able to reverse the pathology of OA, patients are required
to live with their chronic disability and pain.

Treatments for patients with knee OA aim to alleviate
symptoms, Erovide joint stability, and postpone disease
progression.” Standard treatments include arthritis educa-
tion, structured land-based exercise programs, neuromus-

knee OA is both limited and short term.” As a result, patients
oftentimes choose surgery to alleviate their pain, and regain
functionality and QoL. Data show that over half of the US
adults diagnosed with knee OA will undergo a total knee
replacement (TKR) as an end-stage solution.®

In 2017, almost a million primary knee arthroplasties were
performed in the United States’ with no signs that the number
of arthroplasties performed will abate. A study by Singh et al
in 2019 estimates that by 2040, the number of arthroplasties
will rise to ~3 and a half million TKRs.® At the same time,
because the average age for a TKR is falling, the prevalence of
revision knee surgery is also expected to rise. By 1 estlmate
there will be 700,000 revision surgeries performed by 2050.°

1Herltage Provider Network, Office of the Chief Medical Officer, Northridge, California.
Herltage Provider Network, Office of the Chief Medical Director, Northridge, California.
Herltage Provider Network, Office of Healthcare Analytics, Northridge, California.
*Heritage Provider Network, Office of Chief Executive Officer, Northridge, California.
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Background

Nearly twenty million people are affected by osteoarthritis (OA) across the UK. For
end-stage knee OA, total knee replacement (TKR) is considered as the standard of care,
but this major surgery carries high costs, long waiting lists, and risk for further revision
surgeries. Health systems are therefore looking for effective alternatives to treat these
cohorts, significantly delaying, and potentially avoiding joint replacement surgery
altogether. The purpose of this study was to examine the 2-year surgery avoidance rate
amongst TKR candidates that received a non-invasive biomechanical intervention.

Methods

A retrospective clinical audit was conducted on 365 NHS patients with end-stage knee OA
patients eligible for TKR. Each patient was individually fitted with a non-invasive,
shoe-like, biomechanical device, that alters the foot center of pressure, minimizes
reported symptoms, and promotes neuromuscular control training using convex pods
under the sole. Patients used the device for short periods during activities of daily living
and were followed for two years. The primary outcome was surgery status after 2 years.
Secondary outcomes were evaluated using the generalized linear mixed-models
procedure and included changes in pain, function (WOMAC and Oxford Knee Score

(OKS), and spatiotemporal gait measured at 3, 6, 12, and 24 months from baseline.

Results

Of the 365 candidates for TKR, 305 (84%) avoided surgery at 2 years. Patients displayed
significant clinical improvements over time. Six months after starting treatment, average
pain decreased by 42%, average function improved by 39%, and average OKS increased by
7.6 points. These continued to improve over the 2 years. All spatial-temporal gait

measures improved over time (p<0.001).

Conclusions

The current results suggest that a non-invasive biomechanical treatment may help
end-stage knee OA patients delay knee replacement surgery for at least 2 years or avoid it
altogether. This treatment may provide an effective non-surgical alternative for
managing these patients in the community, alleviating pain, and improving gait and

function.

BACKGROUND

Osteoarthritis (OA) is a major cause of pain and disability,
with 18.8 million people being affected across the UK. In
England, one in five people over the age of 45 has knee
OA (Versus Arthritis, n.d.) and the rates are constantly in-
creasing due to an aging population and a rise in obesity.
Knee OA leads to major social, psychological, and econom-
ical burdens with a substantial financial burden to the indi-
vidual and society. Overall annual costs of OA to the health-
care system are estimated to be £10.2 billion (Woolf 2018).

Total knee replacement (TKR) is considered the most
common and effective treatment for end-stage knee OA.
Yet, as with any surgical intervention, TKR poses some risks
including post-operative complications, persistent pain,
and the need for revision surgery (Weinstein et al. 2013;
Wylde et al. 2011, 2018). Furthermore, TKR carries a high
cost, which is expected to rise as the demand for TKR
grows, adding yet a greater burden to the healthcare sys-
tem.

Interestingly, since the COVID-19 pandemic and the
need to postpone a huge number of surgeries, the waiting

1.3 | Surgery avoidance rates among TKR candidates following a non-invasive biomechanical intervention.
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and subjective measurements of pain and function
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ABSTRACT

Background:

Biomechanical interventions for the management of knee
osteoarthritis (OA) are emerging. AposTherapy is one type of
biomechanical therapy that has been shown to reduce knee
adduction moment and improve gait patterns and clinical
symptoms. The purpose of the current study was to further
investigate the changes in gait patterns after this biomechanical
therapy and to define its possible clinical benefits for patients
with knee OA.

Methods:

Four hundred and twelve patients with knee OA were evaluated
using a computerized gait test, as well as the Western Ontario
and McMaster Osteoarthritis Index (WOMAC) and the SF-36
Health Survey self-evaluation questionnaires. After these meas-
urements, the Apos system was individually calibrated to each
patient according to his or her gait patterns and clinical
evaluation. All patients received exercise guidelines and under-
went 3 months of therapy. A second evaluation of gait and
clinical symptoms was conducted after 3 months of therapy.

Results:

After 3 months of therapy, a significant improvement was found
in all gait parameters (all P<0.01), as well as in the level of pain,
function, and quality of life (all P< 0.01). High correlations were
found between the improvement in gait parameters and the
improvement in self-evaluation questionnaires.
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bAposTherapy Research Group, Herzliya, Israel.

‘Department of Orthopedic Surgery, Rabin Medical Center, Petah Tikva,
Israel.

dDepartment of Orthopedic Surgery, Barzilay Medical Center, Ashkelon,
Israel.

Financial Disclosure: Ronen Debi and Avi Elbaz hold shares in
AposTherapy. Ganit Segal is a salaried employee of AposTherapy. Ran
Lador, Yona Kosashvili, Michael Drexler, Ofir Chechik, Amir Haim, and
Moshe Salai are co-researchers in a number of studies. They do not receive
and are not entitled to any financial compensation from AposTherapy.
Correspondence to Ronen Debi, MD, Department of Orthopedic Surgery,
Barzilay Medical Center, 3rd Hahistadrut St., Ashkelon, 78278, Israel
Tel: +972-8-6745631; fax: +972-8-6745779;

e-mail: researchdept]10@gmail.com.

1940-7041 © 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins

Conclusions:

The examined biomechanical therapy led to a significant
reduction in pain and improvement in function, quality of life,
and gait patterns. These findings support previous findings and
deepen the understanding of this new noninvasive biomechan-
ical therapy in patients with knee OA.

Key Words
knee, osteoarthritis, gait, pain, biomechanical therapy

INTRODUCTION

steoarthritis (OA) is the most prevalent form

of arthritis."* More than one third of elderly

Americans over the age of 70 years have some
degree of radiographic findings indicating knee OA,"? and
approximately 10-12% of adults have symptomatic OA.>
Rates of knee OA are 1.7 times higher in women than in
men* and positively correlate with obesity.” Common
symptoms include pain, joint stiffness, tenderness, deform-
ity, and muscle weakness. These symptoms may consider-
ably alter a patients’ function and quality of life.*° It is
estimated that by the year 2020, the number of people with
OA will have doubled because of the exploding prevalence
of obesity and the aging of the baby boomer generation.’
One of the main goals of nonsurgical management of knee
OA focuses on reducing knee pain and minimizing the
accompanying functional limitation.

Patients with knee OA demonstrate pathologic gait
patterns compared with healthy age-matched controls.®’
Patients with knee OA tend to have a slower walking speed,
shorter step length, and shorter single-limb support
(SLS).%19 In addition, patients with knee OA demonstrate
elevated knee adduction moment (KAM) values compared
with matched controls.'""'> The KAM is a primary biome-
chanical factor in knee OA. It tends to adduct the
tibiofemoral joint, providing a major contribution to the
elevated medial compartment loads. Subsequently, KAM was
found to correlate with the progression of knee OA.'* One of
the reasons for the altered gait patterns of these patients is
impaired neuromuscular control.'*'® This impaired neuro-
muscular control affects the coordinated activity of the
muscles surrounding the knee and its dynamic joint
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Abstract

Objective. — Previous studies have shown that a customized biomechanical therapy can improve symptoms of knee osteoarthritis. These studies
were small and did not compare the improvements across gender, age, BMI or initial severity of knee osteoarthritis. The purpose of this study was to
evaluate the effect of new biomechanical therapy on the pain, function and quality of life of patients with medial compartment knee osteoarthritis.
Methods. — Six hundred and fifty-four patients with medial compartment knee osteoarthritis were examined before and after 12 weeks of a
personalized biomechanical therapy (AposTherapy). Patients were evaluated using the Western Ontario and McMaster Osteoarthritis (WOMAC)
Index and SF-36 Health Survey.

Results. — After 12 weeks of treatment, the WOMAC-pain and WOMAC-function subscales were significantly lower compared to baseline (both
P <0.001). All eight categories of the SF-36 health survey significantly improved after treatment (all P < 0.001). Females and younger patients
showed greater improvements with therapy.

Conclusions. — Twelve weeks of a customized biomechanical therapy (AposTherapy) improved symptoms of patients with medial compartment
knee osteoarthritis. We recommend that this therapy will be integrated in the management of knee osteoarthritis.

© 2012 Elsevier Masson SAS. All rights reserved.

Keywords: Knee; Osteoarthritis; Gait; Pain; AposTherapy
Résumé

Objectifs. — Des études ont montré qu’une thérapie biomécanique adaptée pouvait améliorer les symptdmes de gonarthrose. A ce jour, toutes les
études publiées sur cette nouvelle thérapeutique concernaient des petits échantillons de patients et ne comparaient pas les améliorations en fonction
de I’age, sexe, IMC ou la sévérité initiale de la gonarthrose. Le but de cette étude était d’évaluer I’impact de cette nouvelle thérapie biomécanique
sur la douleur, capacité fonctionnelle et qualité de vie des patients avec une gonarthrose du compartiment fémorotibial interne.

Méthodes. — Six cent cinquante-quatre patients avec une gonarthrose du compartiment fémorotibial interne étaient suivis avant et aprés
12 semaines d’un programme thérapeutique biomécanique spécifique (AposTherapy). Les patients étaient évalués avec I’index Western Ontario
and McMaster Osteoarthritis (WOMAC) et le questionnaire généraliste de santé SF-36.

Résultats. — Apres 12 semaines de traitement, les scores du WOMAC-douleur et du WOMAC-capacité avaient diminué de fagon significative en
comparaison avec les données initiales (les deux p < 0,001). Les huit catégories du SF-36 étaient considérablement améliorées apres traitement
(toutes p < 0,001). Les femmes et les patients jeunes ont montré un niveau d’amélioration plus important apres le traitement.

* Corresponding author.
E-mail address: researchdept10@gmail.com (R. Debi).

1877-0657/$ — see front matter © 2012 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.rehab.2012.01.002
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Several biomechanics treatments for knee osteoarthritis (OA) have emerged with the goal of reducing pain and improving function.
Through this, researchers have hoped to achieve a transition from the pathological gait patterns to coordinated motor responses.
The purpose of the study was to determine the long-term effects of a therapy using a biomechanical device in patients with knee
OA. Patients with knee OA were enrolled to active and control groups. The biomechanical device used in therapy (AposTherapy)
was individually calibrated to each patient in the active group. Patients in the control group received standard treatment. Outcomes
were the Western Ontario and McMaster Osteoarthritis Index (WOMAC), Aggregated Locomotor Function (ALF), Short Form
36 (SF-36), and Knee Society Score assessments. The active and control groups were similar at the baseline (group difference in
all scores P > 0.05). The active group showed a larger improvement over time between groups in all three WOMAC categories
(F = 16.8, 21.7, and 18.1 for pain, stiffness, and function; all P < 0.001), SF-36 Physical Scale (F = 5.8; P = 0.02), Knee Society
Knee Score (F = 4.3; P = 0.044 ), and Knee Society Function Score (F = 6.5; P = 0.014 ). At the two-year endpoint, the active
group showed significantly better results (all P < 0.001). The groups showed a difference of 4.9, 5.6, and 4.7 for the WOMAC pain,
stiffness, and function scores, respectively, 10.8 s in ALF score, 30.5 in SF-36 Physical Scale, 16.9 in SF-36 Mental Scale, 17.8 in Knee
Society Knee Score, and 25.2 in Knee Society Function Score. The biomechanical therapy examined was shown to significantly
reduce pain and improve function and quality of life of patients with knee OA over the long term.

1. Introduction varus alignment of the femur and tibia compresses the medial
compartment of the knee [6]. KAM results from the medially
directed vector of the ground reaction force (GRF) relative to
the knee during the stance phase of gait, which creates greater
compressive loads on the medial compartment relative to
the lateral compartment [7, 8]. Patients with knee OA have
a higher KAM relative to the normal population, which is
believed to drive the rapid progression of the disease [9, 10].
By improving gait patterns, such as KAM, researchers
have hoped to achieve a transition from the pathological gait
patterns that characterize knee OA gait to coordinated motor
responses [11]. This would require patients to undergo a pro-

Knee osteoarthritis (OA) is one of the leading causes of dis-
ability in the elderly [1]. Currently, there is no cure for knee
OA, and therefore, the primary goal of treatment is to reduce
pain and improve function [2]. In recent years, there has been
growing evidence on the importance of biomechanical factors
in knee OA. Several biomechanical treatments for knee OA
have emerged with the goal of reducing pain and improv-
ing function. These treatments aim to unload the diseased
articular surface by using wedged insoles, foot orthoses, or
valgus braces [3-5]. Other treatments have instead aimed

to modify neuromuscular patterns, with a specific goal of
improving gait patterns.

The knee adduction moment (KAM) is an important
parameter of gait that has been examined in recent years. A

cess of motor learning. In order to meet the requirements for
motor learning, these methods must incorporate challenges
for the motor system in a graded and controlled fashion,
with multiple repetitions within a functional context [12]. For

1.6 | Long-Term Effects of AposTherapy in Patients with Osteoarthritis of the Knee: A Two-Year Followup.
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Biomechanical non-invasive interventions have been previously reported to reduce pain and facilitate
superior levels of function in patients with medial knee osteoarthritis [OA]. One such treatment is the
AposTherapy, a customized program utilizing a foot-worn biomechanical device allowing center of
pressure modification and continuous perturbation during gait. The influence of this intervention on
objective gait metrics has yet to be determined. The aim of the current study was to prospectively
examine changes in kinetic and kinematic parameters in patients enrolled in this treatment program.
Twenty-five females with symptomatic bilateral medial compartment knee OA were enrolled in the
customized daily treatment program. All patients underwent barefoot gait analysis testing and
completed subjective questionnaires prior to treatment initiation and on two follow-up visits.
Significantly reduced knee adduction moment (KAM) magnitude was noted during barefoot walking
after three and nine months of treatment. On average, the knee adduction impulse and the 1st and 2nd
KAM peaks were reduced by 13%, 8.4%, and 12.7%, respectively. Furthermore, moment reduction was
accompanied by elevated walking velocity, significant pain reduction, and increased functional activity.
In addition to symptomatic improvement, our results suggest that this treatment program can alter
kinetic gait parameters in this population. We speculate that these adaptations account for the
symptomatic and functional improvement reported for this intervention.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Osteoarthritis (OA) is a complex disorder of the hyaline joints,
characterized by wear, softening, and thinning of the articular
cartilage and diminished compliance of the sub-chondral bone
(Bijlsma et al.,, 2011; Felson and Zhang, 1998; lannone and
Lapadula, 2003). The knee is the most prevalent weight-bearing
joint prone to the development of this destructive process, with
the medial compartment affected nearly 10 times more often
than the lateral compartment (Oliveria et al., 1995). Vast evidence
supports the role of biomechanical factors in the pathophysiology
of this disease (Radin et al., 1991). Abnormal joint loads have
been related to the development and progression of the arthritic
process (Radin et al., 1991; Roemhildt et al., 2010).

Abnormally high knee adduction moments (KAM) have been
described in association with medial knee OA (Andriacchi, 1994;
Sharma et al., 1998). Elevated KAM has been linked with the

* Corresponding author at: Biorobotics and Biomechanics Lab (BRML), Faculty of
Mechanical Engineering, Technion-Israel Institute of Technology, Haifa 32000,
Israel. Tel.: +972 52 4262129.

E-mail address: amirhaim@gmail.com (A. Haim).

0021-9290/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jbiomech.2011.10.017

progression of knee OA (Miyazaki et al., 2002), and has been
recognized as a marker of disease severity (Hurwitz et al., 2002;
Sharma et al., 1998).

Gait deviations have been reported in individuals suffering from
knee OA (Baliunas et al., 2002; Debi et al., 2009; Elbaz et al., 2010;
Gok et al., 2002; Hurwitz et al., 2000) and are thought to represent a
compensatory protective mechanism intended to reduce stress and
range of motion about the injured joint (Debi et al., 2009). With
disease progression, altered morphological joint properties diminish
the effectiveness of these mechanisms. Moreover, substantial
evidence suggests that impairment of the neuromuscular control
system and proprioceptive deficits are present in subjects suffering
from knee OA and contribute to the load burden by altering joint
biomechanics (Hortobagyi et al., 2005; Hurley, 2003; Johansson
et al., 2000, Lewek et al., 2005). Several authors stressed the role of
these contributions to the pathogenesis of the disease, suggesting
that they convey elevated joint stress with higher impact loads and
facilitate the development of cartilage degeneration (Sharma et al.,
2003; Slemenda et al., 1998).

Biomechanical interventions focusing on foot center of pressure
(COP) manipulation, agility, and perturbation training have been
suggested for the treatment of knee OA (Bar-Ziv et al., 2010;

1.7 | Reduction in knee adduction moment via non-invasive biomechanical training: A longitudinal gait analysis study.
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A treatment applying a biomechanical device to
the feet of patients with knee osteoarthritis
results in reduced pain and improved function:
a prospective controlled study
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Abstract

and function in patients with knee OA.

of assessment.

improving function in knee OA patients.

NCT00457132?order=1

Background: This study examined the effect of treatment with a novel biomechanical device on the level of pain

Methods: Patients with bilateral knee OA were enrolled to active and control groups. Patients were evaluated at
baseline, at 4 weeks and at the 8-week endpoint. A novel biomechanical device was individually calibrated to
patients from the active group. Patients from the control group received an identical foot-worn platform without
the biomechanical elements. Primary outcomes were the WOMAC Index and ALF assessments.

Results: There were no baseline differences between the groups. At 8 weeks, the active group showed a mean
improvement of 64.8% on the WOMAC pain scale, a mean improvement of 62.7% on the WOMAC function scale,
and a mean improvement of 31.4% on the ALF scale. The control group demonstrated no improvement in the
above parameters. Significant differences were found between the active and control groups in all the parameters

Conclusions: The biomechanical device and treatment methodology is effective in significantly reducing pain and

The study is registered at clinicaltrials.gov, identifier NCT00457132, http://www.clinicaltrials.gov/ct/show/

Background

Osteoarthritis (OA) is a major cause of disability in the
older population [1], affecting nearly 21 million indivi-
duals in the United States alone [2]. Currently there is
no cure for OA and treatment is focused on reducing
pain and improving function [3].

There is a growing awareness of the importance of
biomechanical factors in the pathogenesis and progres-
sion of knee osteoarthritis [4-6]. Studies have demon-
strated a clinical association between loads, such as
lifelong physical work [7], competitive sports [8,9], and
obesity [10], and the formation and progression of

* Correspondence: debyroay@012.net.il
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Department of Orthopedic Surgery, Assaf Harofeh Medical Center, Zerifin,
Israel

( ) BiolVled Central

osteoarthritis [11]. These factors, together with the mor-
phological changes in the musculoskeletal system that
occur with age, affect the osteochondral structures
[12-15] and neuromuscular control [16]. Neuromuscular
control plays a significant part in determining the func-
tion and stability of the synovial joint [17] and in med-
iating the biomechanical structure of articular cartilage
[18]. Impairment of the neuromuscular control system
contributes to the pathogenesis of osteoarthritis by alter-
ing joint biomechanics and causing increased cartilage
damage [19,20].

Two main types of non-surgical biomechanical inter-
ventions are available for reducing pain and improving
function in patients with knee osteoarthritis. The logic
behind the first type of intervention is unloading the
diseased articular surface by means of wedge insoles,

© 2010 Bar-Ziv et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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Abstract

Background: Previous studies have shown the effect of a unique therapy with a non-invasive biomechanical foot-worn
device (AposTherapy) on Caucasian western population suffering from knee osteoarthritis. The purpose of the current
study was to evaluate the effect of this therapy on the level of symptoms and gait patterns in a multi-ethnic
Singaporean population suffering from knee osteoarthritis.

Methods: Fifty-eight patients with bilateral medial compartment knee osteoarthritis participated in the study.
All patients underwent a computerized gait test and completed two self-assessment questionnaires (WOMAC
and SF-36). The biomechanical device was calibrated to each patient, and therapy commenced. Changes in
gait patterns and self-assessment questionnaires were reassessed after 3 and 6 months of therapy.

Results: A significant improvement was seen in all of the gait parameters following 6 months of therapy.
Specifically, gait velocity increased by 15.9%, step length increased by 10.3%, stance phase decreased by 5.9%
and single limb support phase increased by 2.7%. In addition, pain, stiffness and functional limitation
significantly decreased by 68.3%, 66.7% and 75.6%, respectively. SF-36 physical score and mental score also
increased significantly following 6 months of therapy (46.1% and 22.4%, respectively) (P < 0.05 for all parameters).

Conclusions: Singaporean population with medial compartment knee osteoarthritis demonstrated improved gait
patterns, reported alleviation in symptoms and improved function and quality of life following 6 months of therapy
with a unique biomechanical device.

Trial registration: Registration number NCT01562652.

Keywords: Knee, Osteoarthritis, Gait, Pain, Biomechanical device

* Correspondence: amitm@apostherapy.com
' AposTherapy Research Group, Herzliya, Israel
Full list of author information is available at the end of the article

. © 2014 Elbaz et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
( B.oMed Central Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

1.9 | Patients with knee osteoarthritis demonstrate improved gait pattern and reduced pain following a non-invasive biomechanical

therapy: a prospective multi-center study on Singaporean population.




[1.10]

Miles and Greene BMC Musculoskeletal Disorders (2020) 21:386
https://doi.org/10.1186/512891-020-03382-3 BMC Musculoskeletal

Disorders

RESEARCH ARTICLE Open Access

The effect of treatment with a non-invasive = ®
foot worn biomechanical device on
subjective and objective measures in
patients with knee osteoarthritis- a
retrospective analysis on a UK population

Christopher Miles” and Andrew Greene

Check for
updates

Abstract

Background: Osteoarthritis is a major cause of pain and disability worldwide, therefore ways of treating this
condition are paramount to a successful health system. The purpose of the study was to investigate the changes in
spatial-temporal gait parameters and clinical measurements following treatment with a non-invasive foot-worn
biomechanical device on patients with knee osteoarthritis within the UK.

Methods: A retrospective analysis was carried out on 455 patients with knee osteoarthritis. All patients were
evaluated using a computerized gait test and two self-assessment questionnaires (WOMAC and SF-36) at baseline
and after 3 and 6 months of treatment. The biomechanical device is a shoe-like device with convex pods under the
sole that have the capability of changing foot centre of pressure and training neuromuscular control. The device
was individually calibrated for each patient to minimise symptoms whilst walking and train neuromuscular control.
Patients used the device for short periods during activities of daily living. Repeated measures statistical analyses
were performed to compare differences over time.

Results: After 6 months of treatment significant improvements were seen in all gait parameters (p < 0.01).
Specifically, gait velocity, step length and single limb support of the more symptomatic knee improved by 13, 7.8
and 3%, respectively. These were supported by significant improvements in pain, function and quality of life (48.6,
45.7 and 22% respectively; p < 0.001). A sub-group analysis revealed no baseline differences between those who
were recommended joint replacement and those who were not. Both groups improved significantly over time (p <
0.05 for all).

Conclusions: Our results suggest that the personalised biomechanical treatment can improve gait patterns, pain,
function and quality of life. It may provide an additional solution to managing UK patients suffering from knee
osteoarthritis but needs to be tested in a controlled setting first.

Keywords: Knee osteoarthritis, Gait, Pain, Function, Biomechanical treatment
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Abstract—Knee frontal (adduction/abduction) and sagittal
(flexion/extension) moments have been implicated in the
pathomechanics of knee osteoarthritis (OA). The aim of this
study was to evaluate the change in the knee sagittal moment
in a cohort of patients with knee OA undergoing a
biomechanical training program. Twenty-five female
patients with symptomatic medial compartment knee OA
were enrolled in a customized biomechanical intervention
program. All patients underwent consecutive gait analyses
prior to treatment initiation, and after 3 months and
9 months of therapy. Self-evaluative questionnaires, spatio-
temporal gait parameters, peak knee sagittal moments, knee
sagittal impulses, and duration of knee moments were
compared throughout the duration of therapy. Differences
between baseline and follow-up values were examined using
nonparametric tests. Peak knee flexion moment (KFM) at
loading response decreased significantly with therapy
(p = 0.001). Duration of KFM and impulse of knee flexion
also decreased significantly (»p = 0.024 and p = 0.029, respec-
tively). These changes were accompanied by increased
walking velocity, significant pain reduction, and increased
functional activity. Post-training kinetic evaluation demon-
strated profound alterations of knee sagittal moments at the
loading response KFM. We speculate that knee sagittal
moments can potentially be improved in patients with knee
OA over time with a biomechanical training program.

Keywords—Kinetics, Moment, Flexion, Extension, Gait,

Pain, Stiffness, Function.

INTRODUCTION

The role of biomechanics in the pathogenesis of
knee osteoarthritis (OA) has been examined exten-
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sively."!” Multiple studies have suggested that abnor-
mal gait patterns may contribute to the disease
progression."!” Knee OA patients walk with a slower
velocity, greater double-limb support, reduced stride
length, and decreased range of motion in all the lower
limb joints."">!! Bejek er al.* analyzed the effect of gait
speed on gait parameters in patients with OA and set a
standard walking speed for gait analysis. They
reported that 15 gait parameters (cadence, step length,
walking base, time of swing phase and double support
phase, motion of hip joint, motion of pelvis rotation,
motion range of pelvis obliquity, maximal value and
motion range of pelvis flexion) were significantly
influenced by walking speed in patients with knee OA,
and that the gait speed of 2.00 km/h was the highest
gait speed suitable for all patients without pain and
loss of coordination. In addition, they compared the
gait patterns of patients with OA to healthy individu-
als. In comparison to healthy individuals, lower limb
joint OA was compensated for in part by the pelvis and
other joints in the lower limb.*>

With the advent of complex gait motion-analysis
systems, researchers also examined the kinematic and
kinetic gait changes in knee OA. Locomotion is gen-
erated through a balance of internal and external for-
ces and moments acting on the lower limbs. Internal
forces are comprised of both structural elements
(bones, ligaments, cartilage, and more) and of muscles
and tendons that are attached to the structural ele-
ments. The external forces result mostly from the
ground reaction force (GRF). These internal and
external forces create moments acting on the joint.
Each magnitude of each moment is determined by the
magnitude of the force and its sagittal distance from
the center of rotation of the knee joint.*! The external
moments are generated by the displacement of the

© 2014 Biomedical Engineering Society
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Abstract

Objective: The purpose of the current study was to validate time dependent changes of a novel functional
classification for patients with knee osteoarthritis (KOA), following a home-based biomechanical treatment (HBBT).

Methods: A retrospective analysis of 518 patients with KOA was conducted. All patients were classified using a
novel knee osteoarthritis functional grade (KOFG) classification for KOA, based on spatio-temporal gait analysis.
Patients were re-classified after 3 months and 1 year of HBBT to examine and validate this classification using time-
dependant changes. The time dependent changes in the classification were compared to gold-standard self-
assessment questionnaires, WOMAC and short form 36 (SF-36).

Results: The changes in KOFG were demonstrated over time, with most changes occurring after 3 months of
treatment with consolidation of the effect at 12 months. For example, of 427 patients that were classified in KOFG
2-4 grade at baseline, 44.9% and 51.5% had lower (better) KOFG grades at 3 and 12 months of treatment,
respectively. The changes in KOFG were validated with WOMAC and SF-36 questionnaires showing a significant
correlation between KOFG changes and changes in WOMAC and SF-36. SF-36 pain sub-scale showed an
improvement of 33.0% and 38.0% following 3 months and 12 months of treatment, respectively (p values <0.0001).

Conclusions: The results of the current study validate the knee osteoarthritis functional grade classification
scheme as a tool to assess time dependant changes in KOA as well as its sensitivity to assess treatment effect. The
KOFG can offer a more robust mode of reporting clinical results in describing the natural history and time-dependent
treatment results of patients suffering from knee OA and should be considered as an additional outcome measure in
future studies.

L

Keywords: Knee Osteoarthritis; Function; Classification; Gait

Introduction

Knee osteoarthritis (KOA) is among the most common degenerative
diseases, affecting 15% of the world population, causing significant
pain and functional limitation [1,2]. The risk of mobility impairments
caused by KOA alone is greater than due to any other medical
condition in people over 65 [3]. It leads to social, psychological and
economical burdens, with substantial financial consequences [4]. It is
estimated that by 2030 30% of the people over 60 and 50% of the
people over 80 would suffer from KOA [5,6]. Along with the aging of
the world population KOA is expected to be a great burden on the
global health expense.

Several classification schemes for KOA have been proposed. The
American College of Rheumatology has published clinical criteria and
classification for KOA [7]. Kellgren and Lawrence have published their
classification of OA based on x-ray films [8,9], which was shown to
correlate with clinical function as represented in standard

questionnaires [10,11]. However, x-ray based classification is lacking
since it represents the disease in the knee articular surface, rather than
the function of the diseased joint. Functional assessment and
classification of patients with KOA is lacking, even though previous
gait analysis studies have shown that KOA alters gait patterns [12-19],
and that gait changes are associated with KOA disease severity [20-25].
Only one study by Elbaz et al presented a functional classification for
KOA severity based on spatio-temporal gait analysis. They have found
that KOA functional severity can be classified according to stride
length and cadence into four distinct severity groups.

Their data showed that knee osteoarthritis functional grade (KOFG)
correlated with clinical questionnaires and Kellgren and Lawrence
classification [26]. This functional classification is an objective,
reproducible tool to assess the actual effect of the disease on patients’
function. However, this classification has not yet been validated as a
tool to report time-dependant clinical outcome of KOA treatment. It is
important to determine the sensitivity of such a classification as a tool
to assess time-dependant changes in functional severity as well as
assessing treatment effect in terms of functional severity classification.

J Arthritis, an open access journal
ISSN:2167-7921
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Abstract

Aim: To examine the effect of a novel biomechanical, home-based, gait training device on gait patterns of obese
individuals with knee OA.

Methods: This was a retrospective analysis of 105 (32 males, 73 females) obese (body mass index > 30 kg/
m?) subjects with knee OA who completed a 12-month program using a biomechanical gait training device
and performing specified exercises. They underwent a computerized gait test to characterize spatiotemporal
parameters, and completed the Western Ontario and McMaster Osteoarthritis Index (WOMAC) questionnaire
and Short Form-36 (SF-36) Health Survey. They were then fitted with biomechanical gait training devices
and began a home-based exercise program. Gait patterns and clinical symptoms were assessed after 3 and
12 months of therapy.

Results: Each gait parameter improved significantly at 3 months and more so at 12 months (P = 0.03 overall).
Gait velocity increased by 11.8% and by 16.1%, respectively. Single limb support of the more symptomatic knee
increased by 2.5% and by 3.6%, respectively. There was a significant reduction in pain, stiffness and functional
limitation at 3 months (P < 0.001 for each) that further improved at 12 months. Pain decreased by 34.7% and
by 45.7%, respectively. Functional limitation decreased by 35.0% and by 44.7%, respectively. Both the Physical
and Mental Scales of the SF-36 increased significantly (P < 0.001) at 3 months and more so following
12 months.

Conclusions: Obese subjects with knee OA who complied with a home-based exercise program using a biome-
chanical gait training device demonstrated a significant improvement in gait patterns and clinical symptoms
after 3 months, followed by an additional improvement after 12 months.

Key words: biomechanical device, function, gait, knee osteoarthritis, pain.

INTRODUCTION

Knee osteoarthritis (OA) is a common disease caused
by multiple factors. It is well established that obesity is
strongly linked to knee OA and is considered a risk fac-
tor for both incidence and progression.'> Obese peo-
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ple (body mass index [BMI] > 30 kg/m?) are at a 4.2—
6.8 times higher risk of developing knee OA than
matched normal weight controls.>* Ettinger et al.
examined the effects of comorbid diseases on disability
and found that knee OA and obesity were each signifi-
cantly associated with poorer physical function, with
odds ratios of 4.3 and 1.7, respectively. When obesity
was combined with knee OA, the odds ratio increased
t09.8.%
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ARTICLE INFO ABSTRACT

Article history:
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Background: The purpose of the study was to investigate the changes in gait patterns and clinical
measurements following treatment with a novel biomechanical device on patients with knee osteoarthritis.
Methods: Forty six patients with bilateral knee osteoarthritis were analyzed. Patients completed a gait test,
Western Ontario and McMaster Osteoarthritis Index (WOMAC) questionnaire and SF-36 Health Survey at

ﬁey words: baseline and after 12 weeks. The biomechanical device was individually calibrated to each patient at baseline
nee . to allow training under reduced pain.

Osteoarthritis . . . . . . Lo

Pain Findings: Gait velocity, step length and single limb support improved significantly and toe out angle

Function decreased significantly (10%, 6%, 1% and 2%, respectively). WOMAC-Pain and WOMAC-Function significantly

Gait decreased (26% and 34%, respectively), and SF-36 score significantly increased following the 12 weeks of

treatment.

Interpretation: Our results suggest an overall improvement in the gait patterns, level of pain and level of
function of patients with knee osteoarthritis following 12 weeks of treatment with the novel biomechanical
device.

The study is registered at clinicaltrials.gov, identifier NCT00767780, http://www.clinicaltrials.gov/ct/show/

NCT00767780.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Osteoarthritis (OA) is the most prevalent form of arthritis in the
elderly. It is estimated that 7% of men and 11% of women over the age
of 65 have knee OA (Felson et al., 1987) Common symptoms include
joint stiffness, tenderness, crepitus, joint enlargement, deformity,
muscle weakness, limited motion, and impaired proprioception. The
most significant symptoms of the disease are pain and functional
disability (Katz, 2001; Felson and Zhang, 1998). Today, the manage-
ment of knee OA focuses on reducing the levels of pain and functional
limitation.

The main focus in the conservative, non-pharmacological man-
agement of these symptoms has been the lower limb musculature.
Researchers believe that the muscles surrounding the knees may act
as a potential protective mechanism of reducing loads and compres-
sive forces on soft tissues and weight-bearing joints (Bennell et al.,
2008). A common aspect of knee OA is poor muscle function with
muscle weakness (Messier et al., 1992). Muscle weakness has been
identified as a potential risk factor for the development and

* Corresponding author.
E-mail address: debbi.ronen@gmail.com (R. Debi).

0268-0033/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.clinbiomech.2010.06.017

progression of knee OA and is a widely accepted impairment in
knee OA (Slemenda et al., 1997). The decrease in muscle strength
causes the external load to be carried out by the knee joint (Slemenda
etal, 1997). A specific aspect of muscle function that has been focused
on in recent years is proprioception and neuromuscular control.
Proprioceptive afferent information is essential to the coordinated
activity of the muscles surrounding the knee and to the dynamic joint
stability (Johansson et al., 2000). Studies have established that
patients with knee OA demonstrate deficits in knee joint propriocep-
tion compared to healthy age-matched individuals (Koralewicz and
Engh, 2000). This proprioceptive deficit contributes to functional
instability that can ultimately lead to further microtrauma and re-
injury (Lephart et al., 1997).

Studies have shown that specially designed functional knee braces
can decrease pain and improve measures of function in patients with
varus knee OA (Hewett et al., 1998; Lindenfeld et al., 1997). They can
also improve proprioception and postural control (Birmingham et al.,
2001), however, there is no evidence of new motor learning post use.
Haim et al. have recently investigated a novel therapy using a foot-
worn biomechanical device (Haim et al., 2008). The therapy includes
daily exercise with the device, according to an exercise program that
is carried out in the patient's own environment (i.e. home/work). This
device is a foot-worn platform with two adjustable convex rubber

1.14 | AposTherapy improves clinical measurements and gait in patients with knee osteoarthritis
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Abstract

Background: The purpose of the current study was to examine the effect of a non-invasive, home-based
biomechanical treatment program for patients with spontaneous osteonecrosis of the knee (SONK).

Methods: Seventeen patients with SONK, confirmed by MRI, participated in this retrospective analysis. Patients
underwent a spatiotemporal gait analysis and completed the Western Ontario and McMaster University Osteoarthritis
Index (WOMAC) and the Short-Form-36 (SF-36). Following an initial assessment, patients commenced the
biomechanical treatment (AposTherapy). All patients were reassessed after 3 and 6 months of treatment.

Results: A significant reduction in pain and improvement in function was seen after 3 months of therapy with
additional improvement after 6 months of therapy. Pain was reduced by 53% and functional limitation reduced
by 43%. Furthermore, a significant improvement was also found in the SF-36 subscales, including the summary
of physical and mental scores. Significant improvements were found in most of the gait parameters including a

gov NCT00767780.

41% increase in gait velocity and a 22% increase in step length. Patients also demonstrated improvement in
limb symmetry, especially by increasing the single limb support of the involved limb.

Conclusions: Applying this therapy allowed patients to be active, while walking more symmetrically and with
less pain. With time, the natural course of the disease alongside the activity of the patients with the unique
biomechanical device led to a significant reduction in pain and improved gait patterns. Therefore, we believe
AposTherapy should be considered as a treatment option for patients with SONK.

Trial registration: Assaf Harofeh Medical Center Institutional Helsinki Committee Registry, 141/08; ClinicalTrials.

Keywords: SONK, Biomechanical treatment, Pain, Function

Background

The knee, after the hip, is the second most common site
for osteonecrosis (ON) [1]. Spontaneous osteonecrosis
of the knee (SONK), first described by Ahlback et al. [2]
in 1968, is considered to be the most common form of
ON, with an incidence of 3.4 and 9.4% in persons older
than 50 and 65 years of age, respectively [3]. However,
the actual prevalence may be underestimated since many
patients with end-stage osteoarthritis (OA) may have
had an undiagnosed occult condition [4].

* Correspondence: researchdept10@gmail.com
’AposTherapy Research Group, 1 Abba Even Blvd, 46733 Herzliya, Israel
Full list of author information is available at the end of the article

( BiolVled Central

SONK is classically described as a focal, superficial
subchondral lesion, affecting the medial femoral condyle
in up to 94% of the time [5, 6]. The presenting symptom
is usually an acute onset of pain over the medial side of
the knee [7]. Focal tenderness over the medial femoral
condyle is the most common finding on physical
examination [8]. Patients often present deteriorated,
asymmetrical gait patterns [9] and complain that the
pain is worse during weight-bearing and at night [4].
The etiology of SONK remains unclear. Historically, it
was thought to occur secondary to ischemia, which
results in necrosis [2, 10]. However, recent evidence has
demonstrated that it may be due to subchondral

© The Author(s). 2016 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Background: This study was devised to examine the effect of a novel biomechanical therapy for patients suffering
from anterior knee pain (AKP).

Methods: A retrospective analysis of 48 patients suffering from AKP was performed. Patients underwent a
gait evaluation, using an electronic walkway mat, and completed the SF-36 health survey and the
WOMAC questionnaire at baseline and after 3 and 6 months of therapy. A special biomechanical device
was individually calibrated for each patient. AposTherapy is a functional, non-invasive rehabilitation ther-
Biomechanical device apy consisting of a biomechanical foot-worn device that is used during activities of daily living. Repeated
Perturbation training measures analyses were performed to compare gait parameters and self-evaluation questionnaires
Gait between baseline, 3 months and 6 months.

Results: Walking velocity significantly increased by 5.7 cm/s, cadence increased by 1.6 steps/minute, and stride
length increased by 3.4 cm in relation to pretreatment testing (p<0.001 for all). End-point evaluation revealed ad-
ditional improvement of these parameters; however these did not significantly differ from that of mid-treatment.
Pain decreased by 36.6% and 49.2% following 13 and 26 weeks of treatment, respectively (P<0.01) and function
improved by 25.2% and 41.7% following 13 and 26 weeks of treatment, respectively (P=0.01).

Conclusions: Based on the current study's results it may be concluded that this therapy might have a positive ef-

Keywords:
Anterior knee pain

fect for patients with AKP.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Anterior knee pain (AKP) is a common musculoskeletal disorder
affecting 25-36% of the general population with an impact on many
aspects of daily life [1-3]. It has been reported to be the most common
cause of knee pain in adolescents [4-6], to be more common in females
than males [7,8], and to be the most common injury in runners [1]. AKP
was reported as the cause of up to 40% of all visits to physiotherapy
clinics as a result of knee pain [6,9] and often becomes chronic, with
94% of patients continuing to experience pain up to 4 years after initial
presentation and 25% reporting significant symptoms up to 20 years
later [10].

Presently, no consensuses exist regarding classification and nomen-
clature of AKP [11,12]. Several clinical conditions have been described
in association with AKP [13]. The terms “patello-femoral pain syndrome”

* Corresponding author at: Department of Orthopedic Surgery, Sourasky Medical
Center, 6 Weizmann Street, Tel Aviv 64239, Israel. Tel.: +972 52 4262129 (mobile).
E-mail address: amirhaim@gmail.com (A. Haim).

0968-0160/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.knee.2012.11.009

and “chondromalacia patella” which were historically utilized for sub-
jects complaining of AKP in whom no other diagnosis could be made,
have been disputed due to inconsistencies in diagnostic criteria [11,12].
The pathomechanics of AKP is multifactorial and partially unknown.
Most investigators agree that the etiology of AKP in some patients arises
from the retropatellar or peripatellar region and is partly related to faulty
lower limb mechanics and poor neuromuscular control.

The study of gait in this population contributes to the understanding
of the pathomechanics of this pathology and is important for develop-
ing new treatment strategies. In addition, defining variations in gait of
these patients can offer objective clinical data for assessment of disease
progression and outcomes of treatment modalities. Alterations in knee
kinetics and kinematics were previously reported in association with
AKP; subjects with AKP were found to display a reduced knee extensor
moment during the loading response phase (LR) of the stance [14,15],
and a reduced peak vertical ground reaction force (GRF) [16]. Reduced
knee flexion during LR has been reported in some studies [16,17], but
not in others [15,18,19]. Furthermore, changes were also noted in
spatio-temporal parameters [20].

1.16 | The outcome of a novel biomechanical therapy for patients suffering from anterior knee pain.
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Abstract

Purpose The purpose of the current study was to assess
the effects of a new foot-worn device on the gait, physical
function and pain in patients suffering from knee osteoar-
thritis (OA) who had a low-impact injury to the medial
meniscus causing a degenerative meniscal tear.

Methods A retrospective analysis of 34 patients with knee
OA and a degenerative medial meniscal tear was per-
formed. Patients underwent a gait evaluation, using an
electronic walkway mat, and completed the SF-36 health
survey and the WOMAC questionnaire at baseline and
after 3 and 12 months of therapy. AposTherapy is a func-
tional, biomechanical, non-invasive rehabilitation therapy
consisting of a foot-worn device that is individually cali-
brated to each patient and is used during activities of daily
living. Repeated-measures analyses were performed to
compare gait parameters and self-evaluation questionnaires
between baseline, and 3 and 12 months.

Results  Significant improvements were found in gait
velocity, step length and single-limb support of the involved
knee following 12 weeks of therapy (all p < 0.01), alongside
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an improvement in limb symmetry. These results were
maintained at the 12-month follow-up examination. Signifi-
cant improvements were also found in all three domains of the
WOMAC index (pain, stiffness and physical function) and in
the SF-36 Physical Health Scale and the SF-36 Mental Health
Scale (all p < 0.01).

Conclusions Patients with knee OA and a degenerative
medial meniscal tear using a biomechanical foot-worn
device for a year showed improvement in gait, physical
function and pain. Based on the findings of this study, it
can be postulated that this biomechanical device might
have a positive effect on this population.

Level of evidence Therapeutic study, Level IV.

Keywords Gait - Meniscal tear - Physical function -
Pain - Osteoarthritis

Introduction

Meniscal tears are the leading cause of knee injury [34]. In
the United States, 60 % of people over the age of 65
diagnosed with knee osteoarthritis (OA) suffer from
chronic meniscal damage [13]. Meniscal tears have serious
consequences as patients suffer from significant pain and a
profound decline in their quality of life and physical
function [34].

A variety of therapies exist to treat meniscal tears, ranging
from pharmaceutical treatment [38] to physical therapy
[15, 24] to surgery [2, 22, 30]. The most common invasive
therapy has traditionally been meniscectomy [16], though
the procedure has been reported to not halt the progression of
cartilage destruction and premature OA [6, 29, 31], and it has
even been suggested that the procedure may accelerate the
development of OA [34-36]. Alongside this, Englund et al.
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A noninvasive biomechanical treatment
as an additional tool in the rehabilitation
of an acute anterior cruciate
ligament tear: A case report

Avi Elbaz', Marc S Cohen!, Eytan M Debbi', Udi Rath?, Amit Mor!,
Guy Morag?, Yiftah Beer3, Ganit Segal' and Ronen Debi*

Abstract

Obijectives: Conservative treatments for anterior cruciate ligament (ACL) tears may have just as good an outcome as
invasive treatments. These include muscle strengthening and neuromuscular proprioceptive exercises to improve joint
stability and restore motion to the knee. The Purpose of the current work presents was to examine the feasibility of a
novel non-invasive biomechanical treatment to improve the rehabilitation process following an ACL tear. This is a single
case report that presents the effect of this therapy in a patient with a complete ACL rupture who chose not to undergo
reconstructive surgery.

Methods: A 29-year old female athlete with an acute indirect injury to the knee who chose not to undergo surgery was
monitored. Two days after injury the patient began AposTherapy. A unique biomechanical device was specially calibrated to
the patient’s feet. The therapy program was initiated, which included carrying out her daily routine while wearing the device.
The subject underwent a gait analysis at baseline and follow-up gait analyses at weeks 1, 2, 4, 8, 12 and 26.

Results: A severe abnormal gait was seen immediately after injury, including a substantial decrease in gait velocity, step
length and single limb support. In addition, limb symmetry was substantially compromised following the injury. After 4 weeks
of treatment, patient had returned to normal gait values and limbs asymmetry reached the normal range.

Conclusions: The results of this case report suggest that this conservative biomechanical therapy may have helped this
patient in her rehabilitation process. Further research is needed in order to determine the effect of this therapy for patients
post ACL injuries.

Keywords
Anterior cruciate ligament tear, biomechanical therapy, proprioception
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new noninvasive therapy currently used for a wide range of
musculoskeletal disorders. This device allows for precise
adjustment of the center of pressure (COP) of a patient’s foot

Introduction

Presently, the most common treatment for anterior cruciate
ligament (ACL) injuries in young patients is focused on sur-
gical repair with rehabilitation. There is, however, growing
evidence that conservative treatments may have just as good

'AposTherapy Research Group, Herzliya, Israel

an outcome as invasive treatments. A recently published
study by Frobell et al.! showed that patients treated immedi-
ately with reconstructive surgery did not fare better than
those that had rehabilitation treatment with delayed recon-
struction or no reconstruction.

Guidelines for the conservative treatments for patients
with ACL tears focus on muscle-strengthening and neuro-
muscular proprioceptive exercises to improve joint stability
and restore motion to the knee.? AposTherapy is a relatively
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ARTICLE INFO ABSTRACT

Article history: Purpose: To investigate the effect of a biomechanical therapy on gait, function and clinical

Received 10 December 2013 condition in patients following total knee arthroplasty (TKA).

Accepted 15 April 2014 Methods: Seventeen TKA patients participated in the study. Patients received a biome-

Available online 13 May 2014 chanical therapy AposTherapy). Patients underwent a gait test, clinical examination and
an assessment of pain, function and quality of life (QOL). Patients were examined again at

Keywords: one, three and six month follow-ups.

Knee Results: A significant improvement over time was found in most gait measurements. Sig-

Arthroplasty nificant improvements were also found in pain, function and QOL.

Gait Conclusions: The examined biomechanical therapy may help in the rehabilitation process

Rehabilitation following TKA.

Copyright © 2014, Professor P K Surendran Memorial Education Foundation. Publishing
Services by Reed Elsevier India Pvt. Ltd. All rights reserved.

surgeries has dramatically increased over the past decade. With
the rise in life expectancy, projected increases in the incidence
of KOA and TKA surgery will place an enormous burden on the
healthcare system. A study based on the National Hospital
Discharge Survey (1996—1999), predicts thatin 2030 there will be
over 474,000 TKA procedures performed in the U.S. alone.”

1. Introduction

Total knee arthroplasty (TKA) is the most common treatment
for end-stage knee osteoarthritis (KOA). TKA has revolutionized
the care of patients with KOA and the number of performed

* Corresponding author. Tel.: +972 4 8292087; fax: +972 4 8295711.
E-mail addresses: eytan.debbi@aya.yale.edu, edebbi@technion.ac.il (E.M. Debbi).
http://dx.doi.org/10.1016/j.jor.2014.04.009
0972-978X/Copyright © 2014, Professor P K Surendran Memorial Education Foundation. Publishing Services by Reed Elsevier India Pvt.
Ltd. All rights reserved.
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A Novel Non-Invasive Adjuvant Biomechanical
Treatment for Patients with Altered
Rehabilitation after Total Knee Arthroplasty:
Results of a Pilot Investigation

Yaari Lee, MD*, Kosashvili Yona, MD*, Segal Ganit, MPE*, Shemesh Shai, MD, Velkes Steven, MD,
Mor Amit, MD*, Debi Ronen, MD', Bernfeld Benjamin, MD', Elbaz Avi, MD*
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Background: Many factors contribute to suboptimal results after total knee arthroplasty (TKA) but little is known regarding the
value of postsurgical rehabilitation after TKA. We examined the effects of an enhanced closed kinematic chain exercises program

(AposTherapy) on gait patterns and clinical outcomes among patients with a lack of progress in their postsurgical rehabilitation.

Methods: Twenty-two patients were prospectively followed during the study. Gait spatiotemporal parameters were measured at
the initial evaluation, after 15 minutes of therapy, and after 3 months of therapy. The Western Ontario and McMaster Osteoarthri-

tis Index (WOMAC) and the short form (SF)-36 health survey were completed by patients before treatment and after 3 months of

treatment.

Results: The WOMAC and SF-36 scores improved significantly after 3 months of treatment. Gait velocity, single limb support, and
step length of the operated leg improved significantly even after a single 15 minutes treatment. Normal gait velocity was observed

in 36% of patients after 3 months of treatment.

Conclusions: A physiotherapy program that included enhanced closed kinematic chain biomechanical therapy was beneficial for

patients who experienced a suboptimal rehabilitation course after TKA.

Keywords: Knee, Arthroplasty, Rehabilitation, Gait

Total knee arthroplasty (TKA) reduces arthritic knee pain
and provides most patients with adequate knee range of
motion (ROM)." TKA also typically diminishes limita-
tions in patient activities.” Improvements in these param-
eters is gradual and may take up to 1 year.” Patients exhibit
marked impairments in voluntary activation of quadriceps
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strength and in functional performance (e.g., walking and
stair climbing) during the early postoperative period after
TKA, most probably due to the surgical insult.”” Most
patients are expected to recover to their preoperative func-
tional activity level within 1 year. However, impairments
in strength and function may remain below a healthy age-
matched population for years after TKA.”

Bourne et al.” found that 19% of patients were
dissatisfied after TKA. Many factors can contribute to
a potentially suboptimal outcome after TKA, including
patient characteristics, surgical technique, and postopera-
tive factors. Patient-related factors include restricted pre-
operative ROM and underlying etiology, e.g., rheumatoid
arthritis, morbid obesity, multitude of co-morbidities, sex,

Copyright © 2015 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Background: Biomechanics after total knee arthroplasty (TKA) often remain abnormal and may lead to
prolonged postoperative recovery. The purpose of this study is to assess a biomechanical therapy after
TKA.

Methods: This is a randomized controlled trial of 50 patients after unilateral TKA. One group underwent
a biomechanical therapy in which participants followed a walking protocol while wearing a foot-worn
biomechanical device that modifies knee biomechanics and the control group followed a similar
walking protocol while wearing a foot-worn sham device. All patients had standard physical therapy
postoperatively as well. Patients were evaluated throughout the first postoperative year with clinical
measures and gait analysis.

Results: Improved outcomes were seen in the biomechanical therapy group compared to the control
group in pain scores (88% vs 38%, P =.011), function (86% vs 21%, P =.001), knee scores (83% vs 38%, P =
.001), and walking distance (109% vs 47%, P = .001) at 1 year. The therapy group showed healthier
biomechanical gait patterns in both the sagittal and coronal planes at 1 year.

Conclusion: A postoperative biomechanical therapy improves outcomes following TKA and should be
considered as an additional therapy postoperatively.

© 2018 Elsevier Inc. All rights reserved.

Total knee arthroplasty (TKA) is an excellent treatment for pain
reduction and functional improvement in individuals with end-
stage knee osteoarthritis (OA) [1]. Nevertheless, some patients
continue to experience pain and decreased function post-
operatively [2]. Several studies have shown that many patients
after surgery still have abnormal gait patterns similar to gait pat-
terns that developed over years of pain and degenerative joint
disease preoperatively [1,3—38].

No author associated with this paper has disclosed any potential or pertinent
conflicts which may be perceived to have impending conflict with this work. For
full disclosure statements refer to https://doi.org/10.1016/j.arth.2018.09.077.

* Reprint requests: Alon Wolf, PhD, Biorobotics and Biomechanics Lab, Faculty of
Mechanical Engineering, Technion-Israel Institute of Technology, Technion City,
Haifa 32000, Israel.

https://doi.org/10.1016/j.arth.2018.09.077
0883-5403/© 2018 Elsevier Inc. All rights reserved.

Studies have shown that the adduction moment generated in
the coronal plane and the flexion moment generated in the sagittal
plane remain abnormal after TKA [2,5—8]. In recent years, a novel
therapeutic approach to musculoskeletal pathologies has emerged
that focuses on neuromuscular re-education [9]. One such treat-
ment uses a specialized biomechanical device (BD) that is a shoe
with 2 convex-shaped rubber elements attached to the sole. The BD
has been validated in multiple studies showing that shifting the
convex-shaped elements directly changes the center of pressure at
the foot, moments acting on the lower extremity joints, and lower
limb muscle activation patterns during gait in a predictable fashion
[10—13]. Changing the convexity of the elements has also been
shown to change perturbations on the lower limb [14]. Further-
more, when used as a therapy, the BD has been shown to improve
biomechanics, reduce pain, and improve function in patients with
knee and hip OA [15—17].

Downloaded for Anonymous User (n/a) at Tel Aviv Sourasky - Ichilov Medical Center from ClinicalKey.com by Elsevier on October 22, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

1.21 | A Biomechanical Foot-Worn Device Improves Total Knee Arthroplasty Outcomes.




[1.22]

1.22 | A non-invasive biomechanical device and treatment for patients following total hip arthroplasty: results of a 6-month pilot investigation.

Segal et al. Journal of Orthopaedic Surgery and Research 2013, 8:13
http://www.josr-online.com/content/8/1/13

* JOURNAL OF ORTHOPAEDIC
SURGERY AND RESEARCH

RESEARCH ARTICLE Open Access

A non-invasive biomechanical device and
treatment for patients following total hip
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Abstract

Cohen's effect sizes (ES statistic).

Keywords: Biomechanical therapy, Gait, Pain, Function

Background: The purpose of the study was to examine the effect of a foot-worn biomechanical device on the
clinical measurements and gait patterns of patients with total hip arthroplasty (THA).

Methods: Nineteen patients, up to 3 months post-THA, were enrolled to the study. Patients underwent a
computerized gait analysis to calculate spatiotemporal parameters and completed the Western Ontario and
McMaster Universities osteoarthritis index and the SF-36 health survey. Patients then began therapy with a non-
invasive foot-worn biomechanical device coupled with a treatment methodology (AposTherapy). Patients received
exercise guidelines and used the device daily during their regular activities at their own environment. Follow-up
examinations were conducted after 4, 12, and 26 weeks of therapy. Repeated measures ANOVA was used to
evaluate changes over time. The clinical significance of the treatment effect was evaluated by computing the

Results: After 26 weeks of therapy, a significant improvement was seen in gait velocity (50.3%), involved step
length (22.9%), and involved single limb support (16.5%). Additionally, a significant reduction in pain (85.4%) and
improvement in function (81.1%) and quality of life (52.1%) were noted.

Conclusions: Patients following THA demonstrated a significant improvement in gait parameters and in self-
assessment evaluations of pain, function, and quality of life. We recommend further RCTs to examine the effect of
this therapy compared to other rehabilitation modalities following THA and compared to healthy matched controls.

Trial registration: Clinical trial registration number NCT01266382

Background

Total hip arthroplasty (THA) is known to be a success-
ful joint replacement procedure given that most patients
experience significant pain alleviation, as well as an im-
provement in their health-related quality of life mostly
during the first postoperative year and beyond [1,2]. The
literature reveals, however, that despite these postopera-
tive improvements, in some patients, the level of pain

* Correspondence: researchdept10@gmail.com

*Department of Orthopedic Surgery, Barzilay Medical Center, 3rd Hahistadrut
St., Ashkelon 78278, Israel

Full list of author information is available at the end of the article
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and the quality of life following THA do not reach those
of the general population [1-3], nor does their gait
pattern return to normal [4-6].

Gait analysis is a useful tool in the evaluation of loco-
motor function after THA [7]. Several studies have
shown that joint motion does not return to normal after
6 months and in some cases up to years postoperatively
[4,5,8]. This atypical joint motion includes additional
stress being placed on the unaffected leg that may even-
tually lead to the development of osteoarthritis (OA) in
the contralateral limb [6,9-11] and other joint disorders,
some of which may even require a second arthroplasty

© 2013 Segal et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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ABSTRACT: Footwear-generated biomechanical manipulation of lower-limb joints was shown to beneficially impact gait and quality of
life in knee osteoarthritis patients, but has not been tested in hip osteoarthritis patients. We examined a customized gait treatment
program using a biomechanical device shown in previous investigations to be capable of manipulating hip biomechanics via foot center
of pressure (COP) modulation. The objective of this study was to assess the treatment program for hip osteoarthritis patients, enrolled
in a 1-year prospective investigation, by means of objective gait and spatiotemporal parameters, and subjective quality of life measures.
Gait analysis and completion of questionnaires were performed at the start of the treatment (baseline), and after 3, 6, and 12 months.
Outcome parameters were evaluated over time using linear mixed effects models, and association between improvement in quality of
life measures and change in objective outcomes was tested using mixed effect linear regression models. Quality of life measures
improved compared to baseline, accompanied by increased gait speed and cadence. Sagittal-plane hip joint kinetics, kinematics, and
spatiotemporal parameters changed throughout the study compared to baseline, in a manner suggesting improvement of gait. The most
substantial improvement occurred within 3 months after treatment initiation, after which improvement approximately plateaued, but
was sustained at 12 months. Speed and cadence, as well as several sagittal-plane gait parameters, were significant predictors of
improvement in quality of life. Clinical significance: Evidence suggests that a biomechanical gait therapy program improves subjective
and objective outcomes measures and is a valid treatment option for hip osteoarthritis. © 2017 Orthopaedic Research Society.

Published by Wiley Periodicals, Inc. J Orthop Res

Keywords:
manipulations

gait retraining; hip osteoarthritis; gait analysis; sagittal-plane hip parameters; footwear-generated biomechanical

Hip osteoarthritis (OA) is a debilitating disorder
characterized by loss of articular cartilage and joint
space, formation of osteophytes, pain, stiffness, and
deterioration of physical function, neuromuscular
pattern, and gait.® It is particularly disabling since
it affects ambulation.®® It is one of the major causes
of disability in the elderly,* affecting an estimated
6.7-9.7 % of people over the age of 45 in the United
States,”® with prevalence percentages increasing
progressively with increasing age.”®

Hip OA is associated with antalgic gait which
deviates significantly from healthy people.}%1%
Patients may adopt abnormal gait patterns as compen-
satory mechanisms to avoid pain and joint loading, or
due to joint laxity and joint deformity. The vast
majority of hip OA gait analysis studies emphasize
sagittal-plane gait parameters used as diagnostic
indicators of hip OA, as well as indicators of efficacy of
treatment interventions. Decreased hip flexion/exten-
sion range of motion (ROM),'*!%6-!% peak extension
angle,10141517.19.20  oytornal extension moment,'>?!
stride and step length,'*'51%22 cadence,!®!” single
support duration,'” and gait speed,!®%1517.22
increased peak hip flexion angle,!® and overall gait
asymmetry' 2131721 aye consistent features of hip OA.
Decreased extension moment is significantly corre-
lated with increased level of pain,'®2?! while loss of hip
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extension may be a pain avoidance mechanism to
decrease joint load.!” Efficacy studies using sagittal-
plane gait parameters as clinical outcome measures
report change in gait speed,?*?7 stride length,?32527
single-support duration,?®?® gait symmetry,?® sagittal-
plane ROM,?® peak extension angle,?” peak flexion
moment,?® and peak extension moment!!?® post total
hip replacement or pharmacological treatment.

The current nonsurgical and nonpharmacological
treatment recommendations for hip OA include appro-
priate footwear; however, according to Osteoarthritis
Research Society International (OARSI) recommenda-
tions for the management of hip and knee OA, this
recommendation is based on expert opinion alone and
there have been no controlled trials of footwear in
patients with hip OA.2? Recent advances in this field
from our research group have suggested clinical poten-
tial for footwear-generated manipulation of hip biome-
chanics to benefit hip OA patients by improving gait
parameters associated with the hip3*3!; however,
these studies investigated only immediate impact of a
foot-worn device on gait. Therefore, the objective of the
study was to assess the outcome of a 1-year long
noninvasive footwear-based gait therapy program for
hip OA patients. Based on a 12-week retrospective
study, in which hip OA patients showed improvement
in quality of life (QoL) measures and spatiotemporal
parameters following the same gait treatment inter-
vention as the present study,®? we hypothesized that
self-reported QoL measures would improve throughout
the 1-year treatment program. We further hypothe-
sized that the improvement would be accompanied by
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Abstract

Objective: The purpose of this study was to evaluate the effect of a biomechanical therapy on the pain, function,
quality of life and spatio-temporal gait patterns of patients with hip osteoarthritis (OA).

Design: 60 patients with hip OA were examined before and after twelve weeks of a personalized biomechanical
therapy (AposTherapy). Patients were evaluated using the WOMAC questionnaire for pain and function and the SF-36
Health Survey for quality of life, and underwent a computerized gait test.

Results: After twelve weeks of treatment, a significant improvement was found in the patients’ velocity, step length
and cadence (P < 0.001). WOMAC-pain, stiffness and function subscales were significantly improved compared to
baseline (P < 0.001). SF-36 physical score subscale improved significantly (P=0.007).

Conclusions: Patients with bilateral hip OA treated with AposTherapy for twelve weeks showed statistically and
clinically significant improvements in pain, function and gait patterns.

Keywords: Osteoarthritis; Hip; Gait; Biomechanics; Pain; Quality of
life

Introduction

Osteoarthritis (OA) is a major health concern in modern society,
affecting 10% of men and 21% of women over age 65. The hip joint is
the second most common lower limb site after the knee [1], with an
estimated prevalence of 1% - 11% [2].

Several articles have described locomotor deviations typical of
individuals suffering from hip OA. The spatio-temporal gait of this
population is characterized by a lower walking speed, lower cadence,
shorter step length and shorter single limb support phase of the
involved leg [3-5]. It is likely that patients continuously adapt their
gait in response to pain, deformity or laxity in the joints of the lower
extremities as their disease progresses [6] These gait adaptations may
influence the motion of the lower back and other joints of the lower
extremities [7]. A recent study by Shakoor et al. explained that unilateral
end-stage hip (OA) can lead to degenerative changes and eventually
end-stage knee OA in the contralateral limb. Moreover, the loading and
structural asymmetries appear early in the disease course, while the
knees are still asymptomatic [8].

Treatments for OA are typically directed at the management
of symptoms, with a goal of pain relief and improved function.
Several studies emphasize the importance of physical therapy and
biomechanical intervention for patients with hip OA, claiming that
such therapies should aim to restore or maintain gait patterns close to
normal, as well as improve walking efficiency and quality of life (QoL)
[9,10]. However, a recent meta-analysis from 2009, which reviewed
more than 4,000 articles, concluded that there was insufficient
evidence to suggest that exercise therapy was an effective short-
term management approach for reducing pain levels, improving
joint function and QoL [11]. A novel biomechanical device (Apos
System, APOS—Medical and Sports Technologies Ltd.) was recently
introduces as a non-invasive therapy for different musculoskeletal
problems[12-15]. Haim et al. showed that by using this biomechanical
intervention for symptomatic bilateral knee OA, walking velocity and
functional activity were increased while knee adduction moment
and pain were reduced [16]. The effect of this therapy has not been

assessed in patients with hip OA, although it may be assumed that the
same biomechanical principles apply.

The purpose of this current study was to examine the efficiency of
this biomechanical therapy on the gait patterns and clinical symptoms
in patients with hip OA. We hypothesize that patients who undergo this
therapy will show improvement in gait patterns and function, as well as
a relief in pain.

Methods
Participants

This was a retrospective study. The protocol was approved by the
Institutional Helsinki Committee Registry (Registration number
NCTO00767780). A search for eligible data was performed through
the research database of AposTherapy Center. Eligibility for the study
was defined as follows: 1. Patients suffering from symptomatic hip
OA for at least six months and who fulfilled the American College of
Rheumatology clinical criteria for OA of the hip [17]; 2. Patients who
completed a gait test, the Western Ontario and McMaster Osteoarthritis
Index WOMAC [18] questionnaire and the Short Form SF-36
Health Survey [19] at the start of therapy (study baseline) and after
twelve weeks of therapy. Exclusion criteria were: 1. Neurological and
rheumatic inflammatory diseases; 2. Corticosteroid injection within 3
months of the study; 3. Earlier hip surgery excluding arthroscopy; 4.
Joint replacement of the hip or knee; 5. Instability of the hip due to
traumatic ligament injury; 6. OA in other lower extremity joints other
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