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Abstract

Purpose: To investigate the effect of a personalised, home-based, biomechanical foot-worn device on the referral
rates for secondary care amongst patients with Hip Osteoarthritis (OA) who meet the clinical criteria for joint replacement.

Methods: One hundred and fifty-seven patients with hip OA participated in a commercial programme by Circle
Integrated Care (CIC) offering innovative musculoskeletal rehabilitation services and pathway management. Patients
were calibrated with a foot-worn biomechanical device that re-distributes loads via centre of pressure manipulation
and generates perturbation to train proprioception. Patients are personally calibrated based on their gait profile and
symptoms, then receive a home-based treatment plan that typically includes daily wear for 30-60 minutes while going
about daily activities. Patients were reassessed clinically after six months, 1, 2 and 3 years. A mixed linear model was
used to examine clinical changes over time.

Results: There were thirty-one (19.7%) referrals for secondary consultation. The mean days to referral was
310.5 (SD=273.8) days. 67% of all referrals occurred during the first year of treatment. Significant improvements were
calculated for all clinical outcomes.

Conclusion: The results of the study suggest a significant clinical improvement among patients who failed core
therapies and meet the criteria for joint replacement, with over 80% of the patients avoiding it for at least three years.
This intervention should be considered as an additional non-surgical option for patients with hip OA who meet surgical

criteria for joint replacement.
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Introduction

Hip Osteoarthritis (OA) is one of the leading causes of disability
and chronic pain among adults, affecting millions worldwide. Around
10% of adults above 45 years old have radiographic and symptomatic
hip OA [1] and according to recent statistics, the prevalence of hip
OA is on the rise [2]. Some estimates conclude that one in four people
will develop symptomatic hip OA by the age of 85, with older age and
female sex being dominant risk factors [3]. While it is less prevalent
than knee OA, evidence on the long-term prognosis of hip OA suggests
that patients are at a significantly higher risk of progressing to total
joint replacement and have a shorter window of opportunity for
conservative treatment between diagnosis and surgery [4]. Current data
from the National Joint Registry suggest that there are 85K primary
total hip replacements (THRs) in the UK annually. With the aging
population and the increase in hip OA prevalence, it is projected that
by 2060 the number of THR surgeries in the UK will surge by almost
40% compared to 2018 [5]. Taken together, these trends highlight hip
OA as a major healthcare concern and call for an effective management
strategy to improve patients' quality of life and reduce the burden on
healthcare systems.

Non-surgical treatments of hip OA focus on alleviating symptoms
of pain and stiffness and maintaining function and generally include
patient education, exercise, and use of pain medication such as non-
steroidal anti-inflammatory drugs. Long-term prospective studies
show that patients with symptomatic hip OA are likely to experience
a rapid deterioration in pain and function, and a high proportion
of them progress to surgery within three years since their initial
consultation in the clinic [4,6-8]. This trend suggests that current
conservative management of mild to moderate hip OA is not optimal

and highlights the need for treatment that provides pain relief and
targeted mobility and functional rehabilitation whilst simultaneously
addressing the underlying mechanisms of the disease. In the past Febade
accumulating evidence has demonstrated the beneficial effect of a non-
invasive biomechanical intervention for knee and hip osteoarthritis [9-
14]. This intervention uses a customised, shoe-like device that shifts
forces around the lower limb joints to alleviate pain while introducing
controlled perturbation to train proprioception. The National Institute
of Clinical Excellence (NICE) recently recommended the intervention
as a safe, clinically effective and cost-saving non-invasive treatment for
patients with severe knee OA who do not want surgery [15].

Circle Health Group is the UK's leading independent provider
of hospital services. Part of this group, Circle Integrated Care (CIC),
offers innovative musculoskeletal rehabilitation services and pathway
management. Circle has been implementing this biomechanical
intervention since 2015. Currently, the service is provided in clinical
practices in Bedfordshire and Greenwich, covering a population of
over 780,000. The current study aims to report our six-year experience
utilising this intervention and monitor the rates of receiving referrals
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to secondary care consultation amongst NHS patients with hip OA.

Methods

This was a retrospective analysis of 955 patients evaluated
between October 2015 and March 2020. Of them, 800 patients began
treatment, 100 were found unsuitable (for safety reasons such as poor
balance) during the initial consultation, and 55 were treated outside of
Bedfordshire and were not included in this analysis because they started
treatment years later than the rest of the group. Of the 800 patients, 571
had primary knee OA and were not included in the analysis. Seventy-
two patients were missing information about their primary pain area
and were also not included in the analysis. One hundred and fifty-seven
(N=157) patients met the criteria for orthopaedic referral as set out
by NHS commissioners and managed by CIC as an integrated NHS
provider (Figure 1).

Inclusion criteria were patients who met the surgical threshold
for orthopaedic referral: radiological evidence of moderate to
severe hip OA, and whose symptoms have failed to improve from
conservative management (physiotherapy, activity modification,
weight management, and non-steroid anti-inflammatory medication).
Exclusion criteria were patients suffering from uncontrolled
inflammatory conditions (e.g., Rheumatoid Arthritis); Patients who
received a visco-supplementation/corticosteroid injection three
months before treatment initiation (although exceptions could be
considered, e.g., if the patient would benefit from both interventions);
Patients suffering from neuropathic arthropathy (Charcot's joint);
Patients exhibiting a lack of physical or mental ability to perform or
comply with the treatment; Patients with a history of pathological
osteoporotic fracture; Patients whose main complaint is another lower
limb joint other than the hip and; Patients who are unsafe to participate
in the treatment and fail to pass the balance protocol at the initial
consultation (balance screening tool).

Once referred into the service, specially trained physiotherapists
assessed patients and the suitable ones were enrolled in the programme.
All patients who started treatment signed a consent acknowledging
that their data might be used for research purposes while maintaining
their privacy. Data was stored on a dedicated clinical system that meets
privacy regulations. Patient is given a unique identifier and no additional
identifying information (i.e. name, date of birth, contact details etc.) is
provided. NHS Research Ethics Committee (REC) approval was not
required under the UK Policy Framework for Health and Social Care
Research as this data is unidentifiable. Furthermore, Health Research

Patients evaluated: 955

Authority approval is also not required for this research database.
Intervention

All patients received a personalised, non-invasive, home-based,
biomechanical treatment to alleviate hip pain and improve function
(AposHealth®). The device uses a shoe as an interface to attach two
convex pods to the plantar surface of the sole (Figure 2). A specially-
trained physiotherapist calibrates the device based on a treatment
methodology that includes an assessment of gait patterns, symptoms,
and physical examination. The clinician calibrates the devices
individually to the patient and positions the convex pods to reduce
pain in the hip whilst walking. Adjusting the location of the pods
changes the centre of pressure (COP) and the ground reaction force
(GREF) vector with the aim of modifying the symptoms experienced
on the area immediately [16-18]. The convex nature of the elements
induces a level of controlled disturbance to gait and posture (i.e.,
perturbation) and generates neuromuscular training [19]. For
example, in a typical patient with hip OA, following preliminary intake,
a clinical and functional test is done to determine gait abnormalities
and compensations. The physiotherapist observes the coronal/frontal
plane as the patient walks to and from the clinician and calibrates
the device to a neutral position for the specific patient. The neutral
position is defined by minimal inversion/eversion of the foot during
the stance phase. Once a neutral position is determined, the clinician
will shift the posterior pod medially and posteriorly and the anterior
pod will maintain in a neutral position or a slight lateral shift. The
final adjustment of the device is determined when the patient reports a
reduction in pain. Once the initial consultation and device calibration
is completed, patients receive a home-based treatment plan. This
includes wearing the customised device for approximately 20 minutes
daily while doing regular tasks at home or work. Typically, patients
gradually increase the device wear time for up to three hours per day
indoors. Some patients will be encouraged to add outdoor walking
depending on their progress and goals. In addition, patients are advised
to return to follow-up appointments to re-calibrate the device and
adjust the treatment plan as needed. During each visit, patients were
asked to complete Patient Reported Outcomes Measure (PROM) and
underwent a computerized gait test to monitor changes over time.

Outcomes

The primary outcome measure was the referral rates to secondary
care consultation, including the service type and sub-service
classification, between the commencement of treatment and the audit

Excluded: 155

Patients started treatment: 800

"l - Unsuitable for treatment - 100
- Treated outside of Bedfordshire - 55

Excluded:

v

Patients with hip OA started treatment:
157

v

Patients with primary knee QA 571
Unknown primary pain location: 72

Figure 1: Flow chart of patient enrolment.
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Sole platform includes two mounting rails and a

positioning matrix. Biomechanical peds are available
in different degrees of convexity and sizes

Biomechanical pods can be configured on
the sole platform with flexible positioning for
personalized biomechanical placement

Figure 2: Apos system.

date (February 2022). Secondary outcome measures included two
patient-reported outcome measures (PROMS) and a computerised gait
test. The Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) [20] questionnaire and the OHS [21] were used
to assess changes in pain and function. The WOMAC questionnaire
contains 24 Visual Analogue Scale (VAS) questions that can be divided
into three sub-categories (Pain, Functional Limitation, and Stiffness).
Results range between 0-100mm, in which Omm indicates no pain or
limitation in function and 100mm indicates the most severe pain or
limitation in function. The OHS was developed and validated for use
with individuals undergoing hip arthroplasty and measured outcomes
following rehabilitation of patients with hip OA. It contains 12 Likert
Scale questions. Results range from 0-48, where 0 reflects the worst
condition and 48 is the best [20,21].

A computerised spatiotemporal gait assessment was used to assess
gait velocity (cm/s) using the OptoGait system (Version 1.11) [22].
Patients walked barefoot at a self-selected speed over a four-meter
measurement area, with two meters before and after to allow for
sufficient acceleration and Deceleration time outside the measurement
area.

All patients were asked to complete PROMs and conduct a
computerised gait assessment during their first visit and at each follow-
up appointment. The rates of referral to secondary care consultations
were verified by querying the electronic system.

Statistical analysis

Data were analysed with IBM SPSS statistics software version 28.0.
(SPSS Inc. Headquarters, 233 S. Wacker Drive, 11th floor Chicago,
Illinois 60606, USA). The significance levels were set at P<0.05. Data
were presented as mean and standard deviation for continuous variables
and as frequency and percentage for categorical variables. We used a
linear mixed model for three continuous outcomes (WOMAC-Pain,
WOMAC-Function and velocity) with up to five time periods: baseline,
six months, years one, two, and three years. The general linear mixed
model is an acceptable approach in cases with missing information as
it assesses the changes over time while accounting for missing data. In
addition, Paired T-Test was used to examine the differences in OHS at
baseline and 12 months, after confirming a normal distribution.

Results
One hundred and fifty-seven (157) patients with hip OA (103,

66% females) with a mean age of 63.3 (SD=9.7) years were included
in this analysis. All patients completed at least one year of follow-up.
The average days from treatment initiation to audit date was 1302.7
(SD=406.9) days per patient.

Overall, there were 31 (19.7%) referrals for secondary consultation.
The mean days to referral was 310.5 (SD=273.8) days. 67% of all
referrals occurred during the first year of treatment, 23% occurred
during the second year, and 10% occurred during the third year. Figure
3 presents a survival graph of referral to secondary care.

The patients' compliance with follow-up appointments was high.
The in-clinic attendance follow-up rates at six months, one year, two
years, and three years follow-up appointments were 89%, 48%, 25%,
and 11%, respectively. Significant improvement was seen in all clinical
outcomes after six months and maintained for up to three years. We
used a Linear Mixed Model to accommodate for missing values at
different time points. The model imputed estimated means based on
available data and prediction models. Results are summarised in Table
1. Overall, pain Decreased by 47.7% from an average (SE) of 53.9 (1.9)
to 28.2 (5.8) at three years, P<0.001, F=8.887. Functional disability
improved by 42.4% from an average (SE) of 54.8 (2.0) to 31.9 (6.1) at
three years, p<0.001, F=6.445. Gait velocity increased by 26.7% from
an average (SE) of 90.9 (1.5) to 115.2 (4.8) at three years, p<0.001,
F=12.965. OHS increased by 19.0% from an average (SE) 0f 23.1 (0.9) to
27.5 (1.1) at 12 months, P<0.001, F=15.477. Gait velocity has increased
by 24.8% from an average (SD) of 86.0 (17.0) to 107.3 (20.6) at three
years, P=0.013, F=3.267.

There were no significant differences between those who progressed
to secondary consultation and those who remained active in baseline
characteristics, including age (p=0.197), gender (p=0.780), pain (0.643)
and OHS (0.681).

Discussion

Hip OA is a complex and multifactorial disease with various factors
contributing to its development and progression. Amongst them are
age, genetics, previous injuries, obesity and biomechanics [23]. The
biomechanical properties of the hip joint, including structural and
soft tissue changes are altered, leading to abnormal loading patterns
and mechanical stress that contribute to the onset and progression of
hip OA [24,25]. Functional alterations may include changes in muscle
strength and activation patterns, which can affect joint stability and
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Figure 3: Survival rates of referral to secondary consultation.
Table 1: Changes in WOMAC-pain, WOMAC-function and gait velocity. Results are presented as mean (SE) [95% Cl].
Baseline 6 months 1Year 2Years 3 Years F P
WOMAC-Pain 53.9(1.9) 47.5(2.0) 46.5(2.7) 34.3(3.7) 28.2(5.8) 8.877 <0.001
[50.1-57.7] [43.5-51.5] [41.1-51.9] [27.0-41.6] [16.9-39.5]
WOMAC-Function 54.8 (2.0) 48.4(2.1) 48.8(2.9) 37.1(3.9) 31.9(6.1) 6.445 <0.001
[50.8-58.8] [44.1-52.6] [43.2-54.5] [29.5-44.8] [20.0-43.8]
Velocity 90.9 (1.5) 100.8 (1.5) 103.1 (2.1) 105.5(2.9) 115.2 (4.8) 12.965 <0.001
[88.0-93.9] [97.8-103.7] [98.9-107.3] [99.9-111.1] [105.7-124.6]

loading patterns [26]. The biomechanical intervention used in this study
aims to re-distribute loads on the lower extremity during locomotion
via external manipulation of the centre of pressure. In addition, the
biomechanical elements at the bottom of the shoe create perturbation
which stimulates neuromuscular control. The treatment plan includes
daily wear while going about daily activities, complying with functional
rehabilitation recommendations, and ultimately helping the patient to
acquire new motor patterns with reduced pain and improved function
and quality of life. We speculate that this is the main reason for lower
rates of referrals to secondary care consultation amongst patients with
hip OA. The results of the current study support other studies that
looked at the effect of gait retraining as a modality to treat patients with
knee and hip OA [27]. However, the evidence for hip OA is scarce and
further research is required [28].

The results of this study suggest that only 20% of the patients
received a referral for secondary consultation. Paans reported a referral
rate of 31% for secondary care amongst newly diagnosed patients
with hip OA [29]. It is important to stress that patients in the current
study were enrolled after exhausting core management of hip OA (i.e.,
exercise, education, physical therapy and pain relief medications) and
met the clinical criteria for a THR and were therefore most severe in
their pathology. McHugh et al., looked at the actual surgical rates of
those who received a referral for secondary consultation and found
that 50% of the patients that were referred for THR had it within 12
months [30]. That is in comparison to a 13% rate found in this study
(first 12 months). It is reasonable to assume that the patient population
in the study of McHuge resembles the population of the current study,
suggesting >50% reduction in the rates of THR. The NHS national

Tariff for THR ranges from £5,128 to £11,420. When applying a
conversion to secondary care referral rate of 50% and 20% for those
who are not treated with the device and those who are, respectively, for
100 patients referred to THR, the potential savings at 12 months will
be between 189,736 to 422,540, not including the costs of the device.
This has the potential to address the urgent need to reduce the long
waiting list and, similar to NICE recommendations for patients with
knee OA can provide effective interventions for patients who do not
want to have surgery [15].

Some limitations should be acknowledged. First, this was a
retrospective study with no control group, which limits the ability to
control for potential confounding variables. That said, the results of
the study reflect a real-world setting in which it was conducted, with
patients receiving treatment in the clinical practices of Circle Integrated
Care, demonstrating its feasibility in commercial settings. To the best
of our knowledge, this is the first report of real-life experience with
patients with hip OA and the effect on the rates of surgery/referral to
secondary care. Further research is needed to support the finding of this
study. Secondly, the examined intervention is primarily a home-based
program. This study did not monitor and unified patient compliance,
and there is a possibility that some patients did not comply with the
program regularly. That said, this study looked at the rates of referral to
secondary consultation, and reflect the “worst case” scenario (i.e. not
all patients complied with the program regularly). We believe this is a
true reflection of real-life that accounts for various scenarios that are
not controlled and still demonstrate significant clinical improvement
and low rates of referral to secondary care. Lastly, the study looked at
patients with hip OA who meet surgical criteria and is limited in its
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generalisations to the entire hip OA population. Future studies should
look at the effect of treatment in newly diagnosed patients with hip OA.

Conclusion

The examined intervention is a personalised, non-invasive, home-
based, biomechanical device. The results suggest a significant clinical
improvement among patients with hip OA who failed core therapies
and met the criteria for joint replacement, with over 80% of the
patients avoiding it for at least three years. These preliminary outcomes
are promising and can help reduce the burden on healthcare systems
and improve patients' quality of life. Therefore, we recommend that
this intervention should be considered as an additional non-surgical
option for patients with hip OA who meet surgical criteria for joint
replacement.
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