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Agrip
Inngangur: Talid er ad einstaklingar med slit i midlaega hluta hnjalidar gangi med auknum bolsveiflum
til ad draga Ur alagi & midleega hluta hnjalidarins. Slikar uppbotarhreyfingar geetu haft ahrif a vodva-
virkni og alag & lidi i ganglimum og par med einnig haft ahrif & heettu a ad slit proéist i fleiri lidamétum.
Alagsléttandi hnéspelkur eru notadar til ad draga Ur einkennum slitgigtar sem eingéngu er bundin vi®
annan hluta hnjalidarins. Engu ad sidur er litid vitad um moguleg ahrif lagsléttandi hnéspelkna & lifafl-
freedilega peetti i 6drum lidamotum i ganglimum og virkni i frafeersluvodvum mjadmalida sem geta haft
ahrif & bolsveiflur. Hingad til hafa flestar rannsoknir & virkni spelkanna beinst ad eldra félki en
mikilveegi spelkumedferdar er veentanlega mest fyrir folk undir 60 ara. Markmidid med pessari
rannsokn var ad skoda hreyfingar bols og mjadmalida med lifaflfreedilegum adferdum og greina védva-
virkni i frafeersluvoovum mjadma hjé tiltblulega ungum og virkum einstaklingum med slit i midleega

hluta hnjalidar. Einnig ad kanna ahrif af alagsléttandi hnéspelku (UnloaderOne®) a pessa peetti.

Adferd: Urtak rannsoknarinnar var 17 karlar (40-60 ara) med stadfest slit i midleega hluta hnjalidar
(IL-11l. grddu Kellgren-Lawrence) sem hofou fengid leeknisbeioni um alagsléttandi hnéspelku.
Viomidunarhépur samanstéd af 14 kérlum an einkenna um slitgigt i hné. Hreyfimunstur og kraftveegi
voru metin med prividdargéngugreiningu. Rannséknarhépurinn var meeldur med og an hnéspelku
innan 48 tima fr4 pvi ad peir fengu spelkuna og aftur ad 4 vikum lidnum. Jafnlengdarstyrkur
frafeersluvéova mjadmar var meeldur og rafvirkni m. gluteus medius (Gmed) og m. tensor fasciae latae
(TFL) metin med yfirbords vodvarafriti. Arangur medferdar var metinn med KOOS spurningakvarda og
rannséknarhép skipt i tvennt, responders (R) og non-responders (NR) eftir skilgreiningu OARSI a
hvort kliniskt marteekur arangur nadist eda ekki. | tolfraedigreiningu voru notud fylgniprof, t-prof og

dreifnigreining fyrir endurteknar meaelingar og alpha akvedid 0,05.

Nidurstddur: Héparnir voru sambeerilegir hvad vardar aldur, likamspyngdarstudul og stadladan
styrk i frafeersluvédvum mjadma. Skor a sjalfsmats kvéroum um verki og einkenni batnadi almennt hja
rannsoknarhopnum (p<0,05) en svorunin var breytileg. Bolhalli ad stddufaeti maeldist minni vid haelslag
(p=0,015) hja badum rannsdknarh6punum og seinkun vard 4 ad bolhalli faerdist frd stoduhlid yfir a
gagnsteeda hlio, midad vid samanburdarh6p. Einnig var R hépur med steerra hreyfiltslag a
bolhreyfingum i frontal plani en baedi NR og vidmidunarhopur. Ekki meeldist munur milli hépa eda hlida
a lioferlum og kraftveegi um mjadmalidi og engar breytingar fundust a pessum pattum ad 4 vikum
lisnum. | upphafi rannséknar meeldist ekki marktaekur munur milli hopa eda hlida & hamarks virkni i
Gmed an spelku og hamarks virkni TFL var meiri hja R en viomidunarh6p (p<0,001) og NR (p<0,001).

Meiri vddvavirkni meeldist i Gmed hja R hép vid ad nota spelkuna (p<0,01).

Alyktun: bratt fyrir almenna haekkun & skori & sjalfsmatskvordum svorudu ekki allir patttakendur
spelkumedferd. Hreyfidtslag bols i frontal plani minnkadi litillega en p6 tolfreedilega markteekt milli
meelinga sem geeti haft ahrif 4 kraftveegi um hné vegna pess hve stér vogararmur bolsins er. beir sem
nadu arangri med alagsléttandi hnéspelku & 4 vikum virtust beita mjadmavodvum 0likt peim sem ekki
nadu arangri. Hugsanlega nadu peir ad nyta vodvana a einhvern hatt til ad hafa ahrif & alag og
einkenni i hné. Med steerri rannsékn meetti hugsanlega greina meelanlega peetti sem gaetu spad fyrir

um hvada sjuklingar eru liklegir til ad hafa gagn af medferd med alagsléttandi spelku.



Abstract

Introduction: Persons with medial knee osteoarthritis (OA) are thought to adopt increased frontal plane
trunk sway to reduce medial compartment loading. This type of compensatory motion may affect
bilateral muscle function and loading of the lower extremity joints, and thereby impact risk of
developing multi-articular OA. Unloading valgus knee braces are frequently prescribed for
symptomatic relief for individuals with uni-compartmental knee OA. However, little is known about their
potential effect on the biomechanics of other lower extremity joints, or about their influence on hip
abductor muscles that may contribute to trunk sway. Furthermore, most studies have focused on an
older population while perhaps it is the <60 years who stand to gain the most from conservative
therapy. The purpose of this study was therefore to assess frontal plane hip and trunk biomechanics
and hip muscle function in a relatively young, active OA patient population and examine the effects of

an unloading brace (UnloaderOne®) thereon.

Methods: Seventeen male patients (age 40-60 years) with symptomatic medial knee OA and
confirmed Kellgren-Lawrence grade Il or 1l radiographic scores were recruited for the study. All had
received a prescription for an unloading brace. Fourteen asymptomatic males were recruited as
controls and conventional gait analysis was performed to assess kinematic and kinetic patterns. OA
participants were assessed both with and without the brace during an initial assessment within 48
hours of brace fitting and again 4 weeks later. Isometric hip abductor strength was measured and
activation levels of Gluteus medius (Gmed) and tensor fasciae latae (TFL) muscles were monitored
with surface electromyography (EMG). OA participants were stratified into responders (R) and non-
responders (NR) according to OARSI — OMERACT criteria. Alpha was set at 0.05 for statistical

analyses, which included correlations, t-tests and repeated measures analysis of variance.

Results: No group differences were found for age, BMI, or normalized hip abductor muscle
strength. Overall, self-report scores of OA participants improved (p<0.05), but great variability was
seen in the response. OA participants demonstrated less trunk lean to stance side at initial contact
(IC) (p=0.015), and a delay in transition of trunk lean from stance to contralateral side, compared to
CTRLs. Rs also had greater frontal plane trunk excursion (p=0.034) than CTRLs and NRs. No
intergroup or interlimb differences were found for hip adduction moments or angles and no changes
were detected over time for those parameters. No significant group or interlimb differences were found
for peak muscle activation levels of Gmed at baseline but peak activation levels of TFL were
significantly higher for R than CTRLs (p<0.001) and NRs (p<0.001). Rs demonstrated an increase in
Gmed peak muscle activation level when wearing the brace (p<0.01).

Conclusions: Overall, self-report scores improved significantly with brace use, while frontal plane
angles or moments at the hip were not affected. A slight but statistically significant decrease in frontal
plane trunk excursion was detected over time, which may affect knee adduction moment via the large
lever arm of the trunk. There appear to be differences in muscle activation intensity between those
who respond to unloader bracing treatment after 4 week treatment and those who don’t. A larger
study could possibly identify measurable baseline factors that could predict which patient is likely to

benefit from using an unloading brace.
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1 Introduction

Osteoarthritis (OA), knee OA in particular, is a large and growing public health problem and one of the
most common musculoskeletal causes of disability (1). While estimates of incidence among the
Icelandic population are unavailable, projected numbers from the USA indicate that by 2030, nearly
one-third of adults ages 4564 years will have arthritis (1). Given knee OA is a degenerative disease
with no known cure, the demand for joint replacement surgeries in the USA is projected to grow by
673% from 2005 to 2030 (2). Patients who have knee joint replacement surgery younger than 60
years have a higher risk of early revision surgery compared with patients who are older than 60 years
(3, 4) making it even more important to place major emphasis on conservative management of young
patients with early-stage OA and to develop treatment strategies that reverse or slow down
progression of disease.

Dynamic loading of the knee refers to loading during physiologic activity such as walking, as
opposed to static loading, which occurs when standing still. The wear and tear process in OA may
occur during normal ambulation as it is the most common dynamic loading activity. A non-random
pattern of evolution of multi-articular OA of the lower extremities has been demonstrated. As for
persons who have developed knee OA, the contralateral knee and hip joints are specifically at risk (5)
which is thought to stem from abnormal biomechanical loading of those joints (6, 7). This abnormal
loading of the contralateral knee persists at least 12 months after successful knee arthroplasty and is
proposed to be due to a persistence of a learned compensatory movement and muscular recruitment

patterns of the lower extremity, a "chronic osteoarthritis" gait pattern (8).

Effects of non-operative conservative treatment need to be considered on a broader level since the
lower extremity acts as an integrated kinematic chain composed of rigid segments and moving joints.
Changes at one level can thus have profound effects on joint loading at other levels during the stance
phase of gait. Yet surprisingly little reseach has examined whether conservative interventions intended
to slow knee OA progression influence other weight-bearing structures. Only the work by Toriyama et
al. demonstrated external hip adduction moments were reduced bilaterally when wearing an unloader
brace (9) yet it remains unknown whether these effects are long-term or whether bracing influences
hip muscle activity. Such knowledge would increase understanding of the effects of the unloader
braces on a broader level.

1.1 Gait

Walking is a sequence of events where one limb functions as a mobile base while the other swings
forward to a new support site, and is then repeated reciprocally as needed until the intended
destination is reached. A single gait cycle (GC) is defined as the series of events from initial heel
contact to the next initial contact of the same foot (Figure 1). The GC is divided into two phases, the
stance phase where the foot is on the ground, and the swing phase of the same leg where the foot is
in the air and swings forward. The stance phase is further divided into 5 sub-phases with different
functional roles, 1) initial contact (IC), 2) loading response, 3) mid stance, 4) terminal stance and 5)

pre-swing. Initial contact and loading response together comprise weight acceptance (WA) (10).

11
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Figure 1. The phases of the gait cycle.

1.2 The knee joint

The knee joint is the largest synovial joint in the body and has to withstand great demands regarding
both stability and mobility. The knee has two functional joints within one joint capsule; the
patellofemoral (PF) and tibiofemoral (TF) joints. Knee alignment is knee position in reference to the hip
and ankle and it influences load distribution at the knee joint. In a varus aligned knee the weight
bearing line from the mid femoral head to mid ankle passes medially to the TF joint and creates an
adduction moment arm which increases force loading on the medial TF joint compartment. Sharma et
al. demonstrated that the risk of medial OA progression increases with varus alignment and that
valgus alignment increases the risk of lateral compartment OA progression (11). The medial
compartment of the TF joint is more commonly affected by OA than the lateral compartment or the PF
joint (12). In medial compartment OA the medial joint space of the TF joint narrows as a result of
articular cartilage degeneration and increases varus alignment of the knee, which can cause an even

greater adduction moment on the knee (11).

1.3 External knee adduction moment

Direct measurement of knee load is impossible without invasive procedures. A common outcome
measure in knee OA studies which is considered to be a valid proxy is the external adduction (varus)
moment of the knee. It is inferred from gait analysis and inverse dynamics and represents a varus
torque on the knee joint which affects dynamic load distribution in the knee during stance phase of gait

(6). The magnitude of the knee adduction moment (KAM) is determined by the magnitude of the

12



ground reaction force vector (GRF) and its perpendicular distance from the knee joint center of
rotation (6). In normal gait an external adduction moment acts on the knee joint throughout most of the
stance phase (13, 14) causing a greater load on the medial compartment than on the lateral. The
adduction moment typically has a biphasic pattern with two distinct peaks, the first peak knee
adduction moment (PKAM1) occurs shortly after IC, the second peak knee adduction moment
(PKAM2) occurring during late stance. It is widely believed that disproportionate loading of the medial

compartment of the TF joint contributes to progression of medial compartment OA.

1.4 Hip abductor muscle strength

Hip musculature of people with knee OA has been found to be weaker than in asymptomatic controls,
but it is not clear if hip weakness precedes knee OA onset or occurs as a consequence of disease
(15). It has been proposed that hip abductor muscles might influence knee joint loading by their frontal
plane control of the pelvis during stance phase, as weak hip abductors in the stance limb may cause
increased pelvic drop to the contralateral swing limb (16-18). This would increase forces across the
medial TF compartment of the swing limb by shifting the body’s center of mass toward the swing limb.
Hip abductor strengthening programs for knee OA patients have resulted in improvements in hip
abductor strength (19, 20), measures of pain (19, 20) and physical function (19) without any apparent
changes in PKAML1 (19, 20). A recent study examined the relationship between hip abductor muscle
strength and activation and KAM characteristics during gait in individuals with knee OA and found that
despite a positive association between hip abductor strength and the PKAM it only explained a small
portion of the variance in PKAM (21). This would perhaps explain in part why hip abductor

strengthening has not been shown to alter PKAM.

1.5 Gaitin medial knee OA

Gait patterns of persons with medial knee OA have been shown to differ from those of healthy or
asymptomatic individuals. The focus has until recently mostly been on kinematic and kinetic variables
and muscular activity around the osteoarthritic knee joint itself without regard for the rest of the

kinematic chain of the lower limb or the contralateral side.

1.5.1 Knee joint kinetics and kinematics

At initial contact (IC) OA patients exhibit a more extended knee on their involved side, compared to an
asymptomatic, age, height and weight matched control group (17) and lower peak knee flexion (PKF)
compared to their uninvolved side (22). In the frontal plane the involved knee demonstrates a larger
adduction angle at IC and at the first peak of the knee adduction moment (PKAM1) compared to the
uninvolved side (22, 23). The PKAM1 has been shown to be significantly greater in subjects with
radiographic evidence of medial compartment cartilage damage than in normal subjects (14, 20, 24,
25), and the same has been demonstrated for PKAM2 (14). PKAM1 at the osteoarthritic knee has also

been demostrated to be higher than at the asymptomatic contralateral knee joint (14, 26).
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1.5.2 Frontal plane hip and trunk kinematics in medial knee OA
It has been found that patients with medial knee OA have less adduction of the involved side hip joint
at IC compared to the uninvolved side (22) and to a control group (23), and that the hip adduction

angle remains smaller at PKAM1 (22) than on the uninvolved side.

Frontal plane movements of the trunk have received increasing attention in recent years, as these
potentially influence lower limb loading. An increased lean towards the stance limb, bilaterally in
medial knee OA patients, compared to asymptomatic controls (23, 27) is proposed to be a
compensatory response to the disease. Patients with more severe OA tend to have a larger peak
trunk lean towards the involved limb than those with less severe OA (23) and patients with greater
pain tend to have greater trunk lean (27). Trunk lean has been shown to be consistently different
between individuals with medial compartment OA and symptomless control group during prolonged
(30min) walking (27). It has been speculated that persons with medial knee OA adopt increased
frontal plane trunk lean (Figure 2) to redistribute knee load off the medial compartment (evident by
lower external knee adduction moments). This compensatory strategy would serve to decrease pain
and could be the cause for lower ipsilateral hip adduction moment and result in weakening of hip
musculature (17, 22). A small change in frontal plane trunk lean could affect lower extremity joint loads
greatly through the large lever arm of the trunk. Mindermann et al. even tested the theory that
increasing mediolateral trunk lean could have an effect on KAM during ambulation in healthy subjects
and found that by increasing lateral trunk lean the KAM was reduced up to 65% without significant

differences in lateral ground reaction forces and axial loading rates at the ankle, knee and hip (28).

A B Cc

Figure 2. Effect of gait adaptation on knee adduction moment.
A) The magnitude of the knee adduction moment (KAM) is mainly determined by the ground reaction force (GRF)
vector and its lever arm on the knee joint. By either B) increased toe-out angle or C) increased lateral trunk lean

over the stance limb the GRF lever arm distance at the knee will be decreased thereby lowering the KAM (29).
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1.5.3 Frontal plane hip kinetics in medial knee OA

The hip adduction moment typically has a biphasic pattern with two distinct peaks; the first peak hip
adduction moment (PHAM21) occurs shortly after IC, with the second peak hip adduction moment
(PHAM2) occurring during late stance. The ipsilateral external hip adduction moment (HAM) of
patients with medial knee OA has been reported to be lower than at the contralateral hip joint during
early stance (22) and lower than among healthy controls (13, 22). A higher external HAM during mid
stance compared to a control group was found in another study involving patients with medial knee
OA (7). A greater internal hip abduction moment (equivelent to external HAM) at baseline is proposed
to be protective against progression of ipsilateral medial knee OA as measured 18 months later (16).
A 50% reduction in the likelihood of medial compartment OA progression per unit of hip abduction

moment was demonstrated.

1.5.4 EMG of hip abductor muscles in medial knee OA

Little is known on hip abductor muscle function in medial knee OA. A search of the literature turned up
one recent study, examining the relationship between hip abductor muscle function and KAM
characteristics during gait in individuals with knee OA. A higher sustained Gluteus medius (Gmed)
activation during stance and a positive relationship between overall Gmed activation and KAM
magnitudes during mid-stance were demonstrated (21). Another study explored whether people with
early OA have neuromuscular adaptations or altered gait parameters (30). No significant differences
were found in gait parameters such as the PKAM1 when early OA subjects were compared to an age
and gender matched control group. However, they had increased postural sway bilaterally during
ipsilateral single leg standing, as well as an increase in Gmed activity bilaterally during single leg

standing and quiet standing.

1.6 Effects of unloading braces on gait

In theory, reducing medial load should slow the rate of medial OA progression. Several biomechanical
interventions, such as orthotic shoe inserts, unloading braces, and joint realignment surgery, aim to
slow structural damage by decreasing load on articular cartilage (6, 31).

Unloading knee braces apply an external valgus (abduction) moment to the knee joint which should
in theory lower the external adduction moment (Figure 3). Studies demonstrate decreased pain (32-
35), improved function (33, 34), symmetrical gait patterns (35), and improved functional stability (36).
Unloader braces are reportedly cost-effective (37).

To date, biomechanical research examining the effects of unloading braces has primarily focused
on knee joint kinematics and kinetics. Unloading braces reportedly lower the external adduction
moment of the knee which in theory attenuates focal overload on the medial compartment (33, 34).
They also reportedly increase medial condylar separation during weight acceptance (38), decrease
antagonist muscular co-activation around the knee (36), and improve knee joint proprioception (39).

Very little is known on optimal wear time for unloading braces and wear time prescription may thus
vary greatly between clinicians and in different studies. There appears to be a dose-response
relationship in a way that greater brace use may positively affect physical activity level, but without

having a negative effect on muscle strength (40).
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Figure 3. The function of a valgus unloading knee brace and UnloaderOne brace.

1.6.1 Frontal plane hip kinematics and kinetics and bracing

A search of the literature revealed only one study that specifically investigated effects of unloader
braces on hip joint function. Toriyama et al. found that an unloading knee brace for patients with
medial compartment OA had kinematic and kinetic effects on other joints during the stance phase. A
reduction in ipsilateral hip joint abduction angle (a relatively more adducted hip joint) and a lower

PHAM2 was found with bracing, both changing toward greater interlimb symmetry. A lower PHAM1
was found at the contralateral hip (9).

No research was found on whether unloader brace treatment for medial knee OA has any impact
on frontal plane trunk lean or hip abductor EMG function.
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2 Purpose

The purpose of this study was to investigate hip abductor muscle activity and frontal plane kinematic
and kinetic variables at the hip and trunk during gait in patients with medial compartment OA, as well

as to:
e compare outcomes to a symptomless control group.

e assess immediate and short term (4 weeks) effects of an unloader brace on those

parameters.

2.1 Research questions

Are there any differences during stance phase of gait between patients with medial compartment knee

OA and a symptomless control group regarding:
o frontal plane trunk movements?
o frontal plane hip joint kinematics and kinetics?
e activity levels of hip abductor muscles (Gluteus medius and tensor fasciae latae)?
Are there any immediate or short term (4 weeks) effects of applying an unloading knee brace on:
o frontal plane trunk movements?
o frontal plane hip joint kinematics and kinetics?

o levels of activity of hip abductor muscles (Gluteus medius and tensor fasciae latae)?

2.2 Hypotheses

e The OA group will have less adduction of the hip joint at IC and a lower external hip

adduction moment compared to the control group.
e The OA group will have a greater trunk lean than the control group.

e The external adduction moment and adduction angle at both hip joints during stance will

increase over time in the OA group.

e Hip abductor musculature activity will increase after 4 weeks of wearing the unloading

brace compared to baseline.

e Trunk lean towards the stance leg will decrease over time.
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2.3 Rationale

It has been proposed that patients with medial compartment knee OA try to shift loads away from the
medial compartment (thereby lowering the external knee joint adduction moment) by increasing
mediolateral trunk lean. This would be achieved by leaning further over the stance leg than normal
and this compensatory strategy could result in lower ipsilateral external hip adduction moments (17,
22). Unloading braces have been shown to decrease the external knee joint adduction moment which
may also be reflected in the hip adduction angle and external hip adduction moment. Little is known
about the EMG activity of hip abductor musculature of medial knee OA patients, but a more ab- or
adducted hip joint in stance might affect external joint moments and thereby abductor muscle activity
to keep the net external and internal joint moments in balance. It is also unclear what role hip abductor

muscles play in controlling trunk motion via the pelvis.
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3 Methods

3.1 Research design
The research was designed as a prospective case control study that consisted of two groups, i) male
patients with a diagnosis of medial compartment knee osteoarthritis (OA group) and ii) a control group
comprised of healthy age, height and weight matched subjects. The study protocol was approved by
the review board at the National Bioethics Committee (VSNb2011100025/03.07) and announced to
the Data Protection Authority.

3.2 Procedure overview
All testing was conducted at the Research Centre of Movement Science, Department of Physical
Therapy, Faculty of Medicine, School of Health Sciences, University of Iceland, Reykjavik, Iceland.

The study period was from January 2012 to February 2014.

Participants fulfilling inclusion criteria (described later) received an introductory letter (Appendix 1)
followed by a phone interview screening for possible exclusion criteria (as detailed below). When
eligible OA group participants were identified, they were referred to a certified orthotist for brace
fitting. Within 48 hours of brace fitting they came to the gait analysis lab, for their baseline data

collection session, which lasted approximately 1.5 — 2 hours.

At the initial gait assessment, participants signed an informed consent form (Appendix 2) and
completed self-report questionnaires on pain, function and activity. Information regarding any other
musculoskeletal ailments, current physiotherapy, prior arthroscopy or viscosupplementation therapy

was documented, as was current use of pain medication.

The methods used to collect biomechanical data are summarized below, with the specifics
presented later. The same protocol was used for both the initial assessment and the follow up for the
OA group 4 week later. In brief, participants changed into their own shorts, mass, height and passive
knee range of motion (ROM) goniometric measurements were recorded, and the degree of knee joint
effusion was noted. Prior to motion capture measurements, surface electrodes were applied over the
superficial hip abductor muscles and participants performed maximal voluntary isometric muscle
contraction (MVIC) of hip abductors. Strength output was registered and electromyographic (SEMG)
data simultaneously collected for normalization purposes. Retro-reflective markers for 3D motion
analysis were then applied over bony landmarks. Electrode and marker placement, as well as MVIC
testing, were all done by the same experienced physical therapist (FH). Gait assessment included
synchronized collection of three-dimensional kinematic data, ground reaction forces and sEMG
measurements as subjects walked across the lab floor at a brisk pace (without and then with the brace
for the OA group) wearing their own comfortable low top walking shoes (Figure 5). Data were collected
until three successful SEMG recordings and five successful foot strikes per foot on the force plate were

obtained.
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3.3 Participants

Seventeen male patients (age 40-60 years) with confirmed medial knee osteoarthritis, Kellgren
Lawrence grade (KL grade) 2 or 3 radiographic changes (41) of the medial compartment of the TF
joint, and clinical history of pain and functional disability, were recruited through the OrkuhUsid
orthopaedic center in Reykjavik. Patients receiving a prescription for an unloading brace, who fulfilled
the inclusion criteria of the study, received an introductory letter (Appendix 1) inviting them to
participate in the study. Existing weightbearing radiographs (from within 6 months of study inclusion)
were scored by an experienced radiologist (Einfridur Arnadottir at Orkuhusid, Reykjavik). In cases
where bilateral medial compartment knee OA was diagnosed, the more symptomatic knee (for which

the brace was prescribed) was defined as the affected one.

Patients were excluded if they had previously used an unloading brace, if they had history of
orthopaedic surgery such as joint replacement surgery or osteotomy, knee ligament reconstruction,
arthroscopic surgery to any of the lower limb joints within 6 months of the study, or history of
periarticular fracture to the knee. Exclusion criteria also included radiologically confirmed OA in the
ankle or hip joints, intra-articular corticosteroid or visco-supplementation injection to either knee joint
within 3 months of study participation, and any musculoskeletal or neurological impairment,
dermatological or circulatory problems in the lower extremities that might affect ambulation or brace
use. Only participants with a body mass index (BMI) lower than 35 kg/m2 were included to ensure

greater quality of SEMG data.

A control group (CTRL) was formed by a convenience sample of 14 male subjects recruited from
the university community. They were asymptomatic, without any knee pain or OA in any of their weight
bearing joints in either limb, and adhered to the same exclusion criteria as OA participants. They were
age (x+ 5 years), weight (x 5 kilograms), and height (+ 5 centimeters) matched to the OA cohort. For
convenience the left limb of the CTRL group served as comparator to the involved side of OA
participants. Although the intention was to match all 17 OA participants, it proved impossible to

properly match three of the OA participants within the timeframe of the study.

3.4 Intervention

OA group participants were fitted for an UnloaderOne (Ossur, Reykjavik, Iceland) brace, an off-the-
shelf, light-weight knee brace which applies an abduction moment on the TF joint by a 3-point
leverage. Fitting of all braces was done by the same certified and experienced orthotist at Ossur who
also gave standard instructions on donning the brace. Current recommendations regarding brace use
time are to use the brace as much as possible throughout the day and whenever the participant feels

the need for it.

Baseline data collection of OA group participants was undertaken within 48 hours of brace fitting
followed by a second assessment 4 weeks later. A follow-up e-mail was sent 2 weeks into the study to
monitor how participants were coping with brace use. Participants were encouraged to contact the
investigators by phone or e-mail with concerns or questions regarding the brace at any time during the

study.
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3.5 Equipment

3.5.1 Self-report measures of pain and function
3.5.1.1 KOOS

Pain and functional status for the week preceding each testing session were assessed by the Knee
Injury and Osteoarthritis Outcome Score (KOOS) questionnaire (42) which consists of 5 subscales
assessing knee pain (KOOS,,,) and symptoms (KOOSgympioms), function in daily living (KOOS,p) and
during sport/recreation (KOOSsg), and knee related quality of life (KOOSqe,). The questionnaire has
been widely used to evaluate the course of knee injury and the effects of treatment. Questions are
scored from 0 to 4 and a normalized score is calculated for each subscale (100 for no symptoms and
0 for extreme symptoms). The Icelandic version of the KOOS questionnaire (Appendix 3) has been
shown to be a reliable and valid tool that may be used as an outcome measure assessing knee

symptoms, pain and function of individuals with impaired knee function (43).

3.5.1.2 KOS-ADLS

The Icelandic version of the Knee Outcome Survey, Activities of Daily Living Scale (KOS-ADLS) (44),
was also used to assess function (Appendix 4). The KOS-ADLS is a reliable, valid, and responsive
patient-reported measure of functional limitations caused by pathological disorders and impairments of
the knee (45). It includes items related to symptoms and functional limitations experienced during
activities of daily living. The KOS-ADLS is a 14 item scale which questions patients about how their
knee symptoms affect their level of daily activities (KOSgympoms, 6 items) as well as how their knee
condition affects their ability to perform specific functional tasks (KOSgyncion, 8 items). Each item is
scored 0-5 points with 0 representing “unable to perform” and 5 indicating “no difficulty”. The highest
possible score is 70. The sum of all items are divided by 70 and then multiplied by 100 to give an
overall ADLS percent rating (KOSoveran)- Higher percentages reflect higher levels of functional ability
with 100 indicating no limitations/symptoms and 0O indicating extreme limitations/symptoms. A global
rating of function is also on a 0-100 scale, with100 being the level of knee function prior to injury and 0

being the inability to perform any usual daily activity (45).

3.5.1.3 NPAQ

Physical activity was investigated using questions from the Icelandic version (46) of the Nordic
Physical Activity Questionnaire (NPAQ), (Appendix 5). Participants were asked which of 4 groups of
activity at work and in leisure time best described their activity within the last week. Participants were
also asked how many hours (or minutes) they spent on moderate-to-vigorous intensity physical activity
(MVPA) outside of work during the last week, and how many hours (or minutes) of this activity was

vigorous physical activity (VPA).

3.5.2 Brace use compliance

Brace use compliance of the first 13 OA participants was monitored by DS1922L iButton thermocron
temperature loggers (Maxim Integrated Products, Sunnyvale, US). These are small data recorders
(approximately 17 mm in diameter and 6 mm thick) that accurately measure and record temperature

and time at regular intervals (Figure 4). They have been shown to be a valid method to monitor
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thoracolumbosacral orthosis wear time (47). The loggers are property of Ossur and were not available
for the last four OA participants. The sensors were mounted into the silicone calf liner of the brace and
set to measure temperature at the skin-brace interface at regular intervals (every 20 minutes) for 28
consecutive days. Participants were informed about the sensors and instructed to try to keep the
brace dry and at room temperature (avoid direct sunlight, heating elements etc.) when not wearing it.
The sensors were set to start logging at the beginning of the study and removed from the lining at the
second measurement session. After retrieval from brace, iButton data text files were extracted and
converted into Microsoft Excel format and average daily brace use in hours (hrs./day) was calculated.
The estimate of wear time relies on the brace being warmer when it is on the knee than when it is off.
An algorithm developed by Benish et al. (47) for finding a cutoff temperature to determine whether the

brace was on or off the participant’s knee was used.

Figure 4. The DS1922L iButton thermocron temperature logger.

The DS1922L iButton thermocron temperature logger was used to monitor brace use during the study period.

3.5.3 Motion analysis
3.5.3.1 Kinematic and kinetic measurements

Kinematic measurements were recorded using 8 Oquus 300 infrared cameras (QualisysAB,
Gothenburg, Sweden). Two AMTI force plates (American Management Technology, Inc.), embedded
into the lab floor and synchronized to the motion capture system were used to acquire ground reaction
forces. Qualisys track manager (QTM) software simultaneously recorded motion and force plate data
(Figure 5).
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Figure 5. Motion analysis lab at the Research Centre of Movement Sciences.

Diagonal view of marker setup, force plates and infrared cameras.

Camera and force plate sampling rate was set at 100Hz and each trial was 4 seconds long. Retro-
reflective markers were placed according to C-Motion marker placement guidelines (48) by the same
experienced physical therapist (FH). Anatomical markers defined the proximal and distal ends of
respective segments (trunk and pelvis as well as feet, shanks and thighs of both lower limbs). Clusters
of 4-5 markers were used to track each segment during dynamic trials, secured with Velcro straps
and/or tape to avoid movement of the cluster of markers (Appendix 6). An initial static trial (Figure 6)
was recorded and the data used to determine body mass and relative marker orientation, and to
define segments and their local reference systems as well as joint centers for the model. Both static
and dynamic measurements were captured within a pre-calibrated area.

® <20130612TGJstandcal0001.otm - Qualisys Track Manager - [Project: Freyjal | |

i@ File Edit View Play Captue AIM Tools Window Help -@X
PO @0 D0 & i a BN " 2

Labeled trajectories (47)

Trajectory

Discarded trajectories (1)

2D

N
\ &)
+
Q
©
1D
>8
e
w
®

Trajectory

i
- 3

Lo T T T T T T T T T T T T T 0 T 0 i T '
000 010 020 030 040 050 060 070 080 090 100 110 120 130 140 150 160 170 180 190 sec
Marker frame 1 of 200. Marker trace: no frames, Time: 0.00s of 1.99s.

[ocriep, pess L.

"ol B Euadl)

Figure 6. Marker placement, frontal view at standing calibration, from QTM.
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3.5.3.2 Electromyographic recordings

Surface electromyographic activity of Gmed and tensor fasciae latae (TFL) was recorded using a
wireless 12 channel EMG system (KinePro, Hafnarfjordur, Iceland) and KinePro software set to trigger
simultaneous recording of the QTM motion capture system (Figure 7). The default sampling frequency

of the manufacturer was set at 1600 Hz with a signal bandwidth of 16-500 Hz.

The skin was cleansed with isopropyl alcohol before electrode application. Self-adhesive
disposable surface electrodes with an inter-electrode distance of 20 mm and snap-on pre-amplified
wireless transmitters were used to collect data from target muscles. They were positioned parallel to
the muscle fibers of the muscle bellies of Gmed and TFL bilaterally according to SENIAM
recommendations (49). Palpation during muscle contraction was also performed in order to identify the
optimal position.

After securing electrodes and verifying proper position by visually inspecting signal strength and
quality from a short walking trial, isometric abductor muscle testing was performed and sEMG activity
during a maximal voluntary isometric contraction (MVIC) recorded for normalizing the data during the

walking trials.

Figure 7. A 12 channel EMG unit and a wireless pre-amplified transmitter.

3.5.3.3 Hip abductor muscle strength

The strength of the hip abductors was tested with participants in the supine position, with both hips
maintained in neutral ab-/adduction and rotation according to the method described by Pua et al. (50).
Stabilization belts were applied across the pelvis and the contralateral distal thigh to stabilize the
pelvis and to restrain contralateral hip abduction. Muscle strength was measured during the MVIC trial
by applying a hand-held dynamometer (Lafayette Manual Muscle Tester Model 01163) 5 cm proximal
to the lateral femoral condyle (Figure 8). Strength measures were recorded in kilograms (kg) and then
normalized to body mass index (BMI) and presented as kg/BMI. A change from the Pua et al. protocol
was to apply an extra stabilization belt from the bench and around the tested leg; the dynamometer
was then placed between the belt and the distal thigh. Before testing, participants were instructed to
push maximally against the dynamometer with the hip in neutral rotation and verbal encouragement
given during testing. After a single, submaximal trial, participants performed three trials of MVIC, each
of 5 s duration, separated by 15 s of rest, recording the SEMG activity during the last one (19).
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Figure 8. Strength measurement of the hip abductors.
A change from the Pua et al. (50) protocol was to apply an extra stabilization belt from the bench and around the

tested leg, the dynamometer was then placed between the belt and the distal thigh.

3.6 Data management and processing
Commercial software (Visual3D™,C-Motion, Germantown, USA) was used to process the raw motion
and force plate data. Marker and ground reaction force data were low-pass filtered with a Butterworth
filter with a cut-off frequency at 6 and 15Hz, respectively. Three dimensional knee, hip and trunk
angles were calculated using rigid body analysis and Euler angles with reference to the model and co-
ordinate systems created from the static measurement. A local coordinate system was defined for the
trunk segment, from which trunk lean was defined as a two dimensional frontal plane rotation of the
trunk segment relative to the vertical axis of the frontal plane of the lab coordinate system. Joint
moments for the lower limbs were derived by inverse dynamics and normalized to body mass
(Nm/mass). Stance was time normalized to 100% and an ensemble average was derived across the
three trials for each condition (brace vs. no-brace). Data were exported and Microsoft Excel and SPSS
statistical software used for further analysis.

Raw EMG data were processed by applying a 25Hz high pass 7th order Butterworth filter, after
which the signal was smoothed by calculating the root mean square (RMS) using a 250 ms moving
window. Peak EMG values during a single stance phase of each of three gait trials were identified and

then averaged for each limb per condition.
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3.7 Statistical methods

In addition to evaluating differences between the OA and CTRL groups, the OA group was further
assessed according to treatment response. Participants were stratified as responders (R) and non-
responders (NR) according to Omeract-OARSI responder criteria for clinical trials (51) based on
changes in KOOS and KOS-ADLS scores. A subject was classified as a responder if pain and self-
reported function improved by =50% relative change and an absolute change of = 20 points as
evaluated by KOSq,eran Scores. If they did not meet this criterion, subjects needed to improve in at

least two out of three of the following:

e Improvements in pain scores by 220% and an absolute change of 210 percentage points
on the KOOSg,;, subscale.

¢ Improvements in functional scores by=20% and an absolute change of =10 percentage
points on the KOOS,p, subscale.

¢ Improvements in the patient’s global assessment of their knee function by 220% and an

absolute change of 210 percentage points.

In order to compare baseline measures between the three groups with respect to demographics
and self-reported data, one-way analyses of variance (ANOVA) were used, and Tukey’s HSD for post
hoc comparisons. Repeated measures ANOVAs were used for hip abductor strength, knee ROM,
kinematic, kinetic and EMG measures, followed by Tukey's HSD where differences were found.
Repeated measures ANOVA was also used for statistical analysis of limb differences and the effect of
bracing thereon (within-subjects factors), as well as differences between groups. Pearson’s correlation
analyses were performed to determine the relationships between hip-abductor strength and peak

muscle activation. Alpha was set at 0.05.
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4 Results
4.1 OA responders and non-responders vs controls at baseline

4.1.1 Demographics
No differences were found for mean age, height, mass, BMI and physical activity levels between the
three groups as shown in Table 1. KL grades of radiographic changes are shown in Table 2 and type

of employment according to the NPAQ categories is shown in Table 3.

Table 1. Subject demographics, mean (SD).

CTRL
Age (years)  49.8(7.2) 49.8 (7.6) 51.0 (5.1) ' NS

Height (m) 1.83 (0.06) 1.80 (0.07) 1.82 (0.04) NS

Mass (kg) 91.6 (10.1) 93.7 (10.9) 92.2 (13.5) NS

BMI (kg/m?) 27.4 (3.2) 28.8 (2.2) 27.8 (3.8) NS

MVPA (min) 285 (233) 367 (284) 376 (413) NS

VPA (min) 105 (148) 64 (104) 136 (203) NS

MVPA =Moderate-to-vigorous intensity physical activity. VPA =Vigorous physical activity. NS = Nonsignificant.

Table 2. Grades of radiographic changes in the medial compartment of the tibiofemoral joint.

S ow R

Involved Uninvolved Involved Uninvolved
KL°1 0 1 0 2
KL°2 3 1 4 0
KL°3 6 0 4 2
Lateral 0 1 0 0
Unilateral involvement 6 4
Bilateral involvement 3 4

KL grade of radiographic changes of the medial compartment of the knee joint

Table 3. NPAQ categories of employment.

Type of work CTRL ' N Total

Py
Py

0 0 1 1 2
1 7 3 3 13
2 3 2 5 10
3 2 1 0 3
4 2 1 0 8
Total 14 8 9 31

NPAQ type of work categories: 0=No work or school, 1=Mostly sedentary work like office work. 2= Work that
requires a lot of walking like teaching. 3= Work that requires a lot of walking and lifting. 4=Heavy manual labour
like heavy construction



4.1.2 Knee range of motion and hip abductor strength at baseline

A significant group by leg interaction (p=0.05) was found for passive knee flexion range of motion
(ROM) due to interlimb symmetry in CTRLs in contrast to asymmetry in both OA groups (Figure 9).
Post hoc tests revealed that the CTRL group had on average 10° greater knee flexion than the Rs
(p<0.01) and 5.6°greater knee flexion than the NRs (n.s.). The Rs and NRs had less knee flexion on
the involved side than the uninvolved (p<0.01). A significant group by leg interaction was also found
for passive knee extension ROM (p<0.01) as seen in Figure 10, with the uninvolved knee of all groups
having a similar hyperextension but an extension deficit for involved knee of both R and NR groups
(1.0° and 1.4° respectively). No group or interlimb differences were found for strength measures
(Figure 11).
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Figure 9. Passive knee flexion range of motion at baseline.

Passive knee flexion angle, mean (SE), goniometric measurement for control (CTRL), responder (R) and non-
responder (NR) groups. * = Different from CTRL group; p< 0.01. A= Interlimb difference; p<0.01.
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Figure 10. Passive knee extension range of motion at baseline.
Passive knee extension angle, goniometric measurement, mean (SE) for control (CTRL), responder (R) and non-
responder (NR) groups. A = interlimb difference; (p<0.01).
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Figure 11. Hip abductor muscle strength at baseline.
Mean (SE) hip abductor muscle strength normalized to body mass index (kg/BMI), for control (CTRL), responder

(R) and non-responder (NR) groups. No group or interlimb differences were found.

4.1.3 Self-report measures at baseline

4.1.3.1 KOOS

The CTRL group had higher scores than NR and R groups (Table 4) on all KOOS subscales at
baseline (p<0.001) and Rs scored lower on average than NRs on KOOS,» , (p<0.001), KOOSgymptoms
(p<0.05) and KOOSpp. (p<0.001) subscales.

Table 4. KOOS scores of Control, responder and non-responder groups at baseline, mean (SD).

KOOSpain 98.9 (2.2) 52.3 (13.1)* 74.6 (11.8)"t <0.001
KOOSsymptoms 95.3 (6.2) 60.6 (16.3)* 75.1 (12.2)"% <0.001
KOOSpp. 99.4 (1.1) 60.3 (17.1)* 82.0 (17.1)"t <0.001
KOOSsg 98.9 (2.1) 22.5 (13.3)* 39.4 (25.9) <0.001
KOOSooL 96.9 (6.3) 36.1 (9.9)* 40.3 (20.9)* <0.001

CTRL= Control group. R= Responders. NR= Non-responders * = different from Ctrl (p<0.001) t =different from R
(p<0.001)  =different from R (p<0.05)

4.1.3.2 KOS-ADLS

CTRL group participants had higher scores than Rs and NRs of the OA group (p<0.001) on all KOS-
ADLS subscales at baseline (Table 5) and Rs had lower scores than NRs on KOSk cion (p<0.001),
KOSoveran (p<0.001) and Global score (p<0.05).
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Table 5. KOS-ADLS scores of Non-responders, Responders and Control groups at baseline,

mean (SD).
CTRL R NR p
(n=14) (n=8) (n=8)
KOSsymptoms 99.3 (1.4) 59.8 (22.3)* 75.3 (20)** <0.001
KOSkrunction 98 (2.8) 51.3 (12.9)* 70.6 (12.9)*t <0.001
KOSoverall 98.6 (2.2) 54.8 (15.4)* 72.6(15.4)*t <0.001
Global 98.8 (2.7) 52.9 (24.3)* 74.4 (17.2)**t <0.001

CTRL= Control group. R= Responders. NR= Non-responders *= different from Ctrl (p<0.001), **= different from
Ctrl (p<0.05), t=different from R (p<0.001), £=different from R (p<0.05)

4.1.4 Kinematics at baseline
4.1.4.1 Frontal plane trunk lean

During stance phase the CTRL group made an earlier transition from leaning the trunk towards the
stance limb back towards the contralateral limb (Figure 12) than the Rs (p<0.05) and the NRs
(p<0.05). A main effect of group was found for frontal plane trunk lean at IC (p=0.015) but no interlimb
differences or interaction (Figure 13). Post hoc tests revealed that the CTRL group had greater trunk
lean towards the stance limb at IC than both the Rs (P=0.03) and the NRs (p=0.05) but no difference
was found between the Rs and NRs of the OA group. No difference was found between groups for
maximum frontal plane trunk lean towards stance limb and no interlimb differences were found (Figure
14). Trunk lean excursion in the frontal plane differed between the CTRL group and the Rs (p=0.034)
but no interlimb differences were found (Figure 15).
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Figure 12. Group mean curves for frontal plane trunk lean at baseline.

Group mean curves for frontal plane trunk lean across the stance phase of gait of involved limb for control
(CTRL), responder (R) and non-responder (NR) groups. Stance phase time normalized to 100%. Rs and NRs
switch from trunk lean towards stance limb to trunk lean towards swing limb significantly later than CTRLs.
* = Significantly different from CTRLs ; p< 0.05.
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Figure 13. Frontal plane trunk lean towards stance limb at IC (baseline).

Mean (SE) of frontal plane trunk lean (°) towards stance limb at initial contact for involved (Inv) and uninvolved

(Uninv) sides of control (CTRL), responder (R) and non-responder (NR) groups * = Significantly different from
CTRL group; p= 0.015.
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Figure 14. Maximum frontal plane trunk lean towards stance limb (baseline).

Mean (SE) for involved (Inv) and uninvolved (Uninv) sides of control (CTRL), responder (R) and non-responder
(NR) groups.
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Figure 15. Frontal plane trunk lean excursion at baseline.
Mean (SE) of frontal plane trunk lean excursion (°) for involved (Inv) and uninvolved (Uninv) sides of control
(CTRL), responder (R) and non-responder (NR) groups. * = Significantly different from CTRLs ; p< 0.05.

4.1.4.2 Frontal plane hip joint kinematics

No statistically significant group or interlimb differences were found for hip joint adduction angle at
initial contact or maximum hip adduction angle during weight acceptance. Group mean curves across
the stance phase of gait are shown in Figure 16 and Figure 17. A non-significant trend (p=0.07) for a
group by leg interaction was seen at IC as Rs and NRs abducted the hip of the involved side at IC
while the uninvolved hip of Rs and NRs and both hips of the CTRL group were slightly adducted
(Figure 18). No intergroup or interlimb differences were found for hip joint excursion during WA as

demonstrated in Figure 19.
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Figure 16. Frontal plane hip joint angles of involved limb.

Group mean curves across the stance phase of gait for frontal plane hip joint angles of involved limb.
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Figure 17. Frontal plane hip joint angles of uninvolved limb.

Group mean curves across the stance phase of gait for frontal plane hip joint angles of uninvolved limb.
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Figure 18. Hip joint adduction angle at initial contact.
Mean (SE) hip joint adduction angle of involved (Inv) and uninvolved (Uninv) side at initial contact (IC). A non-
significant group by leg interaction is seen, responders (R) and non-responders (NR) abduct the hip of the

involved side at IC while the hip of the uninvolved side of Rs and NRs and both sides of CTRLs are adducted.
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Figure 19. Mean frontal plane excursion of hip joint during weight acceptance.
Mean (SE) frontal plane excursion of hip joint from IC to maximum adduction during weight acceptance (first 50%

of stance phase).

4.1.5 Kinetics at baseline
When examining hip joint frontal plane kinetics, no group or interlimb differences were found for
PHAM1 or PHAM2 as shown in Figure 20 and Figure 21.
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Figure 20. Group mean curves of hip adduction moment, involved side at baseline.
Group mean curves of hip adduction moment across the stance phase of the involved limb for control (CTRL),
responder (R) and non-responder (NR) groups. Positive values reflect adduction moment.
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Figure 21. Group mean curves of hip adduction moment, uninvolved side at baseline.
Group mean curves of hip adduction moment across the stance phase of the uninvolved limb for control (CTRL),

responder (R) and non-responder (NR) groups. Positive values reflect adduction moment.

4.1.6 Electromyography

No significant group or interlimb differences were found for mean values of the peak EMG signal from
Gmed (Figure 22) although R and NR groups tended to have a greater signal amplitude from the
involved compared to uninvolved side Gmed. For TFL (Figure 23), the Rs showed significantly greater
activation than the CTRLs (p<0.001) and the NRs (p<0.001). There was a non-significant trend for
greater activation of involved side TFL (p=0.091 compared to uninvolved side). CTRLs and Rs showed
a strong positive correlation for abductor muscle strength bilaterally (r = 0.787; p=0.001 for CTRLs and

r = 0.754; p=0.031 for R) reflecting symmetry in hip abductor strength that was not found in the NRs.
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Figure 22. Mean amplitude of standardized RMS of gluteus medius.
Mean (SE) amplitude of standardized RMS of Gmed of involved (Inv) and uninvolved (Uninv) sides of control
(CTRL), responder (R) and non-responder (NR) groups.
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Figure 23. Mean amplitude of standardized RMS of tensor fasciae latae.
Mean (SE) amplitude of standardized RMS of TFL of involved (Inv) and uninvolved (Uninv) sides of control

(CTRL), responder (R) and non-responder (NR) groups. * = Different from CTRL and NR groups; p< 0.001.
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4.2 Bracing effects on responders vs non-responders

4.2.1 Self-report measures and demographics

Measured strength of hip abductor muscles increased slightly overall during the study period,
increasing from 1.02 Nm/kg to 1.15 Nm/kg which was bordering on being a significant increase (Cl of
difference -0.001 to 0.250; p=0.051). No changes were found for passive knee flexion or extension
ROM over the treatment period. An overall 151min increase in MVPA for both Rs and NRs was

statistically non-significant (p=0.252).

4.2.1.1 KOOS
An overall improvement on all subscales of KOOS was seen over time (p<0.05). Due to the groups’
stratification process an expected significant group*time interaction was seen as Rs improved

significantly more than NRs over time on all subscales of KOOS except the KOOSqo, (Table 6).

Table 6. Absolute change on KOOS subscales over time, mean (SD).

KOOSpain 19.9 (9.7) -0.3 (7.5) 0.000
KOOSsymptoms 16.1 (14.1) 0.3 (11.1) 0.021
KOOSno. 18.9 (11.7) 0.7 (8.3) 0.002
KOOSgr 33.1(8.8) 13.3 (10.3) 0.001
KOOSqoL 8 (17) 9.0 (10.0) 0.883

Mean (SD) absolute change on KOOS subscales for responders (R) and nonresponders (NR) over the 4 week
study period.

4.2.1.2 KOS-ADLS

No change was seen in KOSgympoms SUBsCale over time but a significant interaction of time*group was
found as the Rs improved markedly on KOSg nction (p<0.05), KOSqyeran (<0.05) and Global scores
(p<0.01) while the NRs did not (Table 7).

Table 7. Absolute change on KOS-ADLS subscales over time, mean (SD).

KOSsymptoms 14.3 (24.2) 0.0 (15.6) 0.183
KOSgunction 17.5 (16.2) 2.5(5.4) 0.026
KOSoveral 15.9 (17.8) 1.6 (9.2) 0.064
KOSaiobal 27.4 (20.7) -2.5(7.6) 0.002

Mean (SD) absolute change on KOS-ADLS subscales for responders (R) and nonresponders (NR) over the 4
week study period.

4.2.2 Kinematics — pre-to-post bracing
4.2.2.1 Frontal plane trunk lean

A trend (p=0.054) was found for the OA groups’ timing of transition (trunk lean from toward the stance
back towards the contralateral limb), as this occurred slightly earlier during stance after 4 weeks of

brace use (Figure 24). No main effect of group or bracing or any interaction was found for trunk lean
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angle at IC but a significant main effect of time was found (p=0.021) where both Rs and NRs
increased their trunk lean at IC after 4 weeks (Figure 25). No differences were found for maximum
trunk lean angle over time and bracing had no effect thereon either. Trunk excursion from IC to
maximum trunk lean decreased over time (p<0.01) but no group difference due to bracing or any
interaction was found (Figure 26).
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Figure 24. Mean curves for frontal plane trunk lean before and after treatment.

Curves are shown for all OA participants before (OA Pre) and after (OA Post) brace treatment and control (CTRL)
subjects for comparison. Stance phase time normalized to 100%. * = Approaching significant difference from OA
Pre; p= 0.054.
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Figure 25. Frontal plane trunk lean towards stance limb at IC.
Mean (SE) frontal plane trunk lean towards stance limb at IC, showing values for responders (R), non-responders

(NR) and all osteoarthritic participants (OA all) before and after 4 week bracing treatment. *= significant difference
from pre values (p<0.05).
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Figure 26. Frontal plane trunk excursion.
Mean (SE) frontal plane trunk excursion for responders (R), Non-responders (NR) and all OA participants before

(Pre) and after (Post) 4 weeks use of brace. * = significant difference between time points; p<0.01.

4.2.2.2 Frontal plane hip joint kinematics

No changes were found for hip adduction angle at IC or frontal plane hip joint excursion during weight
acceptance over time and no immediate effects of bracing thereon. A trend for a leg*time interaction
was seen for maximum hip adduction during WA (Figure 27) as hip adduction of the involved side

decreased over time but increased on the uninvolved side (p=0.057).
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Figure 27. Maximum hip joint adduction angle during weight acceptance of stance, mean (SE).
Inv = Involved side; Uninv = Uninvolved side; Pre = Baseline; Post = after 4 week brace treatment. Mean (SE) of
all OA subjects before (Pre) and after (Post) 4 week brace treatment. Leg*time interaction is non-significant, p=
0.057.
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4.2.3 Kinetics — pre-to-post bracing

No changes were seen on PHAM1 or PHAM2 over time and no bracing effects on those parameters.

4.2.4 Electromyography

A significant interaction of bracing condition and response group was found across both limbs and
time-points for Gmed peak activity during stance (Figure 28). Participants identified as Rs generally
had higher normalized peaks during stance than NRs, but wearing the brace led to even greater mean
peak EMG activity of Rs Gmed while no change was seen for the NRs. A further interaction of Leg *
Time * Condition * RESPONSEgroup for Gmed activity was found. Increased activation with bracing
was further enhanced in the uninvolved limb of Rs at re-evaluation, while NRs showed greater or less
activation levels with bracing between limbs over time (p<0.01) (Figure 29).

A main effect of response group was seen for TFL peak activity at baseline (Figure 23) but no
changes were found for TFL peak activity over time and bracing had no effect either (Figure 30).
Baseline and follow-up correlations of muscle activation levels, as shown in Table 8, demonstrate
symmetry in muscle strength and activation for CTRLs and asymmetry for Rs and NRs at baseline and

a more symmetrical function at follow up.
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Figure 28. Effect of UnloaderOne knee brace on EMG activity of gluteus medius.
Responders (R) showed a greater mean (SE) EMG activity of Gmed while wearing the brace but no change was

seen for the non-responders. * = statistically significant difference between bracing conditions (p<0.01).
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Figure 29. EMG activity of gluteus medius before and after brace treatment.
Comparison of mean (SE) EMG activity of gluteus medius (Gmed) between groups, sides, before and after
treatment and with or without brace. A significant interaction was found with increased activity of uninvolved side

Gmed during bracing condition after a 4 week treatment with an unloader brace (p<0.01).
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Figure 30. EMG activity of tensor fasciae latae.
Comparison of mean (SE) EMG activity of TFL between groups, sides, before and after treatment and with or

without brace.
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Table 8. Baseline and follow up correlations of EMG values and strength measures.

Baseline (r) Follow up (r)

CTRL OAai R NR OAAaiI R NR
EMGgmed INV EMGgmed Uninv 0.724* NS NS NS 0.879** 0.934** NS
EMGrrL Inv EMGrrL Uninv 0.849** 0.591* NS NS 0.794** NS NS
Strengthyip Inv Strengthyip Uninv 0.787** NS 0.754* NS 0.918** 0.829*  0.946**
EMGgmed INV EMGrrL Inv 0.698*  0.60* 0.706" NS 0.799** NS NS
EMGgmed Uninv EMGrrL Uninv 0.661* NS NS NS NS NS NS
Strengthyip Inv EMGgmed InV -0.717* NS NS NS -0.529* NS -0.663"
Strengthip Uninv EMGgmed Uninv NS NS NS NS NS NS -0.699*

EMGgmed Inv = Activation level of involved side gluteus medius; EMGgmed Uninv = Activation level of uninvolved
side gluteus medius; EMGrg Inv = Activation level of involved side tensor fascia lata; EMGtg. Uninv = Activation
level of uninvolved side tensor fascia lata; Strengthuipand INV = Strength of hip abductors of involved side;
Strengthyipans Uninv = Strength of hip abductors of uninvolved side; r = Pearson’s r; * = p<0.05; ** = p<0.01; '=
nonsignificant trend p< 0.055.

4.2.5 Brace use

Thirteen participants had iButton thermocrons embedded in the lining of the brace during the 4 week
study period. Rs wore the brace for 6.8 hrs./day on average (Cl for mean 3.1 - 10.4) and NRs wore it
for 3.5 hrs./day (CI for mean 0.5 — 6.5), but the difference did not reach significance (p=0.164) (Figure
31). Brace use varied from 0.5 hrs./day to 13.4 hrs./day, samples of high wear and low wear are

shown in Figure 32 and Figure 33 respectively.

Brace wear (hrs/day)
(9]

Figure 31. Mean brace use time.

Mean (SE) daily brace use measured with iButton thermocrons over the 4 week study period. Responders (R),
non-responders (NR) and OAaverage. NO significant difference was found between R and NR groups for brace use
time (p=0.164).
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Figure 32. iButton temperature chart for regular brace use.

A sample of iButton temperature readings over one week for an individual with average daily wear time of 13.4
hrs./day.

[any
A
o

Temperature °C
N
o
o

10,0 A

5,0

0’0 1 1 1 1 1 1 )

Figure 33. iButton temperature chart for irregular brace use.

A sample of iButton temperature readings over one week for an individual with average daily wear time of 2
hrs./day.
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5 Discussion

The main purpose of this study was to investigate the effects of an unloading brace treatment on
frontal plane hip joint moments and excursions and frontal plane trunk lean in a relatively young and
active male OA sample. The study also attempted to shed a light on the biomechanical relationship of
frontal plane trunk and hip movements and EMG activity of hip abductor muscles and how these

factors relate to self-reported knee outcomes.

Although an overall improvement was detected on all KOOS subscale scores over time there was
great variability in the response to the brace over the 4 week period, as measured by the self-reported
knee outcome questionnaires. The OA group was thus stratified into responders and non-responders

according to OARSI criteria for clinically significant changes.

The main findings with respect to frontal plane trunk lean at baseline showed differences between
the CTRLs and the OA patients (regardless of treatment response). Those in the OA group had less of
a trunk lean towards the stance side at IC, resulting in greater total excursion of trunk motion towards
the ipsilateral side during stance. This was the case for both the involved and uninvolved side during
the stance phase of gait. The timing of the transition as the trunk moved from leaning towards the
stance limb over to the contralateral side also happened later in the stance phase for OA participants
than for the CTRLs. With respect to the OA group and their response to a 4 week period of brace
treatment, an overall greater trunk lean position towards the stance limb was seen at IC resulting in a
smaller excursion of trunk motion during stance. Moreover, a trend (p=0.054) for an earlier transition of
trunk motion from the stance over to the contralateral side was seen. These changes would seem to
reflect a more normal trunk movement pattern, approximating that demonstrated by the CTRL group.

Concurrent changes in HAM were not found but this could theoretically have an effect on KAM.

Differences were also found in hip muscle activation levels at baseline, with Rs showing higher
activation levels of TFL than both CTRLs and NRs. On the other hand there were no baseline
differences to be found in Gmed activation levels. Across both measurements, the R group showed a
general increase in bilateral gluteal peak activation when wearing the brace, while the NR group

demonstrated subtle changes that were dissimilar between limbs and time points.

Frontal plane hip joint kinematics and kinetics did not differ significantly between groups at baseline
although there was a non-significant trend for OA participants to have a less adducted hip joint on the
involved side at IC compared to the CTRL group.

5.1 Trunk movements

The results show that male patients with moderate medial compartment knee OA demonstrated
different frontal plane trunk movements compared to asymptomatic subjects. The OA group swayed
the trunk less towards the stance side at IC and this was further reflected in greater excursion in Rs
compared to CTRLs, with no difference in maximum trunk lean. There was a significant delay in
transition of trunk motion from the stance to the contralateral side lean for both OA groups compared
to CTRLs. This could reflect a strategy to avoid pain by trying to shorten the period of time in single

stance during which the GRF vector passes more medially to the medial compartment of the TF joint.
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After a 4 week off-loading treatment period they showed an increase in trunk lean to stance limb at
IC and lower total excursion of trunk but no changes in maximal lean. There was a trend for all OA
participants to make an earlier transition from leaning towards the stance limb and over to the
contralateral side, so short term effects of unloading bracing appear to help to normalize trunk lean.
The change in trunk lean at IC was statistically significant but very small (0.4°). Nevertheless this
could have an impact on loading of joints lower in the kinematic chain for some participants through
the large lever arm of the trunk and could thus possibly counteract any changes on lower joint
moments due to the brace. Mindermann et al. demonstrated a 65% and 57% lower knee and hip
moments (respectively) by having the subjects walk with an increase (10£5°) in frontal plane trunk
lean(17). Part of the reason previous studies using gait analysis have shown such contradicting results
regarding the effect various interventions have on the KAM and HAM in knee OA is that trunk motion

is rarely accounted for, despite its apparent importance.

5.2 EMG
There is limited work in the literature on neuromuscular adaptations in the early stages of medial
compartment OA. Duffell et al. found increased Gmed activity during quiet standing and one-leg

standing on both involved and uninvolved sides in an early OA cohort compared to controls (30).

In the present study, baseline data showed no significant interlimb or intergroup differences in peak
Gmed activity levels during stance, although Rs and NRs tended to show a higher activation of the
involved side Gmed compared to CTRLs. The Gmed signal magnitude of the CTRLs (72.2+10.0
%MVIC) is similar to what Rutherford and Hubley-Kozey found in their study of Gmed activity during
walking in 22 healthy individuals (52). A consistent bracing effect was seen on Gmed activity for Rs

but not NRs, where peak activity was altered in different ways across limbs over time.

There appear to be differences in the magnitude of peak muscle activation between those who
respond to unloader bracing treatment after 4 week treatment and those who do not. Responders had
a greater activation of TFL at baseline compared to the CTRLs and at both evaluations compared to
the NRs. No effect of time or bracing was seen on TFL activity. A search of the literature revealed no
previous work on TFL muscle activity during gait in medial knee OA. The TFL muscle functions as a
hip flexor as well as hip abductor in synergy with Gmed and so it would act to stabilize the pelvis in the
frontal plane (53). During stance it tautens the iliotibial band which inserts on the lateral condyle of the
tibia and in a way, braces the knee while the knee is extended but may also impart rotatory forces at
the hip and knee. The higher neuromuscular activation of the TFL in the R group could reflect a
stabilizing strategy. Former work on neuromuscular activity around the knee in patients with medial
compartment knee OA has revealed prolonged activation (54) and increased co-contraction of
antagonistic muscle pairs (vastus lateralis-hamstrings and tibialis anterior-gastrocnemius) in the lower
extremity (54). Bracing has been shown to decrease the level of lateral co-contraction, possibly due to
greater joint stability (36). In addition to generally high activation levels of TFL, the Rs further
demonstrated greater Gmed activity across both time-points when wearing the brace. The significance
of this is uncertain but it may suggest there were some differences in motor control or neuromuscular

strategies adopted by Rs compared to NRs. How this all fits together needs further clarification, but

45



neuromuscular activity of hip abductors potentially has an effect at the knee (via the iliotibial band) and
warrants further exploration in the same context as that of the agonist and antagonist muscle pairs

that cross the knee joint.

Correlations for hip abductor strength and activation levels of Gmed and TFL demonstrated a more
symmetrical function of the CTRLs than the Rs and NRs as well as a more symmetric function of both

Rs and NRs after a 4 week bracing treatment.

There were no interlimb or group differences in measured abductor strength. A strong negative
correlation was found between strength and normalized peak activity of Gmed during gait in CTRLs,
indicating that stronger CTRL participants tended to have lower activation of Gmed during gait and
vice versa. This relationship was not found for the OA participants, perhaps reflecting different
movement strategies. Similarly, symmetry in inter- and intra-limb patterns of muscle activation of the
TFL and Gmed were found in CTRL participants demonstrated in the strong associations found.
Again, weaker or no associations were found in the OA group, indicating that their strategies during
gait vary, in particular within the NR group. Early neuromuscular adaptations need to be given more
attention as they can be targeted by exercise. Therapeutic intervention to delay OA progression

warrants further exploration.

5.3 Hip joint kinetics and kinematics

Previous studies have demonstrated that during gait, persons with medial knee OA generally maintain
their hip joint more abducted on the involved side at IC compared to the contralateral hip (22) and to
an asymptomatic control group (23). Although possible strategies involving the trunk were discussed,
the degree to which the abducted hip reflected trunk position in those studies was not clear. Significant
interlimb or intergroup differences regarding hip joint adduction angle at IC were not found in this
study, but a trend for a more abducted hip on the OA side at IC was seen, accompanied by less frontal
plane excursion. The KL grade stated in Briem and Snyder-Mackler’s report (22) was the same as in
our study (KL 2 and 3) but the sample size was larger (n=32), which gave them greater statistical
power to detect differences. Hunt et al. (23) compared groups with different grades of medial
compartment OA to a control group and found a smaller hip adduction angle at IC in those with a more
severe OA when compared to the control group, as well as a lower peak hip adduction angle during
stance (23). Those with more severe OA had a more varus aligned knee which might functionally
result in a more abducted hip joint during stance and, in part, explain some of the differences seen.
Duffell et al. (30), on the other hand found no differences in hip adduction angle at IC between their
study group of persons with early stage medial knee OA and a control group, thus indicating that
changes in hip adduction angle at IC are not detectable for the early stages of OA. It has to be noted
though, that their sample size was, as ours, quite small (n=18). When examining the group mean
curves of frontal plane hip joint angles (Figure 16 and Figure 17) in our study it would appear that Rs
tended to use less hip adduction on both sides during the first 50% of stance, but no statistically

significant differences were found, perhaps due to the small sample size.

No significant interlimb or intergroup differences were found for PHAM1 or PHAM2 in our study.

This appears to contrast with Briem and Snyder-Mackler’s study where a lower hip adduction moment
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of the involved side hip was demonstrated at PKAML1. It has to be noted though that they measured
HAM at PKAM1 while we calculated PHAML1, so the data might not be obtained at the exact same
point in time. On the other hand, Hunt et al. (23), found no significant differences in PHAM1 or PHAM2
between controls and OA samples of differing OA grades, which is in accordance with the results of
the present study.

For OA participants, no significant changes were seen in hip joint angles or moments, neither as an
immediate effect of bracing nor over time. However, a trend was noted for an interaction of leg*time as
the hip of the involved side became less adducted and the uninvolved side more adducted at
maximum hip adduction (Figure 27). This differs from the results of Toriyama et al. where an increase
in hip adduction angle of the involved side when wearing the brace was demonstrated, as well as a
lower PHAMZ2 on the involved side and a lower PHAM1 on the uninvolved side. The demographics of
their study sample, however, were quite different from those of the present study, as on average their
patients were older, with a lower BMI, and mainly female (17 vs 2 males).

5.4 Function, pain, brace use

Despite an overall improvement on all KOOS mean subscale scores over time there was great
variability in the response to the brace over the 4 week period, as assessed by the questionnaires.
Variability in treatment response, despite significant mean improvement, is a reality that is clinically
important to acknowledge and the OA group was thus divided into responders and non-responders
according to OARSI criteria for clinical significant changes. An attempt was then made to identify any
baseline parameters predicting response, or differences in other variables over time between those
who did and didn‘t respond favorably to the brace. The results indicated that the R group participants
had lower self-report scores at baseline. This also meant that NRs had less room for improvement to
begin with, which may have introduced a ceiling effect for at least one of the NR subjects. At the 4
week follow up the R group had improved significantly and, on average, scored on par with the NRs at
that point. This variability in response to treatment serves as a reminder that in the clinical
environment as in research, treatment approaches may need to be considered on a patient to patient
basis. It also reflects a recognized limitation in clinical research as a treatment effect that is only
represented as the study group’s mean can be diluted due to variability of baseline data and treatment

response.

With respect to brace studies, brace use time prescription is not well understood and long term
compliance tends to be low. A recent study showed that two years after brace prescription only 25%
were still using it on a regular basis (twice per week, an hour at a time or more) (32). The results of the
present study showed no significant difference in average daily brace use between Rs (6.8hrs) and
NRs (3.5hrs), but the ClI’s were quite large due to the variability of the data. All participants but one in
our study chose to continue brace treatment at the end of the study period, even though only half of
them experienced what is considered a clinically significant improvement over the period according to
OARSI criteria. Given that the users had to pay a fee if they chose to purchase the brace, one might

surmise that these users found the brace useful. No significant difference was found in average daily
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brace use between Rs and NRs (3.5hrs). Again, although the difference in the average use was large,

the ClI's were quite large due to the variability of the data.

In a recent study, Skou et al. (55) demonstrated that lower knee confidence (as measured by a
self-report questionnaire) was associated with worse self-reported knee instability, greater varus-
valgus knee joint movement during gait, higher pain intensity and lower quadriceps strength. Lower
knee confidence has also been shown to be a potential predictor of functional decline in knee OA (56)
and therefore it appears that tackling these symptoms could be of great importance. Bracing and

neuromuscular training would appear to be a sensible starting point for research on that matter.

Different lifestyles and jobs have different physical demands, likely impacting the individual‘s need
for unloading a weight-bearing joint such as the knee. Of this study‘s relatively young and active
patient population, 9 out of 17 claimed that their job demands required them to stand a lot. Unloading
the medial compartment might be of greater importance for them, as opposed to those whose jobs are
of a more sedentary nature.

OA treatments commonly target pain relief and seek to improve function that way. Hurwitz et al.
(57) studied the effect of pain relief on knee joint loads during walking in patients suffering from painful
knee joint OA and found that decreased pain was related to increased joint loading of the osteoarthritic
part of the joint. Pain relief alone could prove detrimental for those who have to place high loads on
the knee joint daily such as half of the patient sample of this study has to do, and biomechanical
interventions to mediate joint loading may be of particular importance in these cases. An overall (but
non-significant) 151min increase in self-reported MVPA at the end of the study for both Rs and NRs
might imply that they find physical activity easier than before which is also reflected in improved
KOOSgR scores. It has been demonstrated that vigorous, not moderate physical activity is associated
with a greater risk of progression on cartilage lesions (58), so bracing may be an important option for
those who either choose to participate in vigorous activity, or need to do so because of their job
demands. Whether this patient group reaps any benefits from unloader bracing beyond that
demonstrated for the general population has yet to be researched (59) but Brouwer et al. reported a

better treatment response in patients younger than 60 years (32).

There is a certain treatment gap for those under 60 years old for which arthroplastic surgery is not
yet indicated because of higher risk of revision surgery. Non-surgical load-modifying interventions are
an appealing solution for this patient subgroup because there are fewer inherent risks and lower costs
than in surgical interventions. Because OA is progressive in nature younger patients in the moderate
stage are likely have the greatest potential to benefit from bracing or other conservative treatment
options that aim to slow down progression via biomechanical solutions. Clinically, it has been noted
that unloader braces only help some patients, they can make a great deal of difference or have no
effect. Better understanding of baseline factors which may influence whether patients are probable
candidates for successful brace treatment is needed. In this study it was evident that the Rs had a
different neuromuscular reaction to the brace, showing an immediate increase in Gmed activity when
using the brace. This needs further exploration. Bracing is a somewhat costly treatment and therefore
identifying those who are likely to adhere and respond to bracing treatment, considering age,
motivation and activity levels, could prove valuable.
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Increased joint loads in the contralateral knee and hip in persons with medial compartment OA are
thought to be a compensation to avoid painful movements. These changes seem to become deeply
grooved into the motor program and do not seem to normalize even 12 months after successful knee
arthroplasty (8). Most studies to date have focused on people with advanced knee OA so there is less
information at hand on gait characteristics in the earlier stages of the disease. Parameters related to
motor control in the early stages are relatively unknown, but it has been indicated that early cartilage
defects can be partially reversible in a younger population (60). An earlier intervention with
neuromuscular training and biomechanical solutions are treatment areas which should be explored in
the future.

5.5 Study limitations
The main study limitation is the small sample size, resulting in a low statistical power for detecting
interlimb and intergroup differences at baseline as well as possible effects of the brace treatment.

The study period was only 4 weeks, and so the results cannot be extrapolated for long term effects,
so further research is needed on that matter.

Strength measurement was done during a single MVIC for both Gmed and TFL with the
participants in a supine position. It may be argued that a dynamic measure may be considered more
appropriate for EMG during gait analysis. But this was a standardized measurement and can easily be
replicated.

Control group was not radiologically screened for OA but they were screened clinically for signs
and symptoms of knee OA.

Gait speed was not accounted for.

The iButton thermocrons have not been validated for measuring knee brace use time but a high
degree of accuracy was found for monitoring thoracolumbosacral orthosis wear time (47).

5.6 Study strengths

Attempt to decrease heterogeneity of study group by limiting participation to 40-60 year old males with
moderate (KL grades 2-3) medial compartment.

A control group of age, height and weight matched subjects was recruited and there was a 100%
compliance of study group to finish both study sessions.

Combining biomechanic, EMG and strength measures into one study.

5.7 Future directions

A further analysis of hip and trunk kinetics and kinematics of OA patients, with a larger study sample,
would be a logical step towards greater understanding of gait biomechanics in OA. For hip joint
kinematics and kinetics the effect sizes are quite small so a larger group might show statistical

difference since the small group in the current study was bordering on significance for several factors.

Validating the iButtons for measuring knee brace use, as has been done previously for
thoracolumbar orthosis. This would appear to be a useful solution for objectively measuring brace use
in studies as it has been shown to be no less reliable than a diary for monitoring lumbar orthosis wear

time.
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6 Conclusion

This study investigated hip abductor muscle activity and frontal plane kinematic and kinetic variables
at the hip and trunk during gait in patients with medial compartment OA with the intent to i)compare
outcomes to a symptomless control group and ii) assess immediate and short term (4 weeks) effects

of an unloader brace on those parameters.

Participants with medial compartment OA displayed less trunk lean at IC and greater frontal plane
trunk excursion as well as a delay in the transition of trunk lean from stance side to the contralateral
side when compared to CTRLs. After 4 weeks of unloader bracing treatment, however, there was a
shift of those measured parameters towards measures found in the CTRL group. Frontal plane hip
joint kinematics and kinetics of OA participants did not differ significantly from CTRLs at baseline and
unloader bracing had no significant effect on those measures. The differences involving the trunk
involved both excursion and timing of its lateral shift and, although small, seem to represent a
compensatory mechanism which the brace appeared to affect over time. The significance of this, with
respect to knee joint loading or progression of multi-articular OA is, however, unclear and further
studies are warranted.

Muscle activation patterns of the hip abductors differed between CTRLs and OA participants, and
there also appeared to be differences between those who respond to unloader bracing treatment after
4 weeks and those who didn’t. The OA group lacked the intra- and inter-limb symmetry demonstrated
by CTRLs in peak activation levels of the two hip abductor muscles, which may be expected given the
difference in kinematic measures noted above. Rs had greater activation of TFL at baseline and
demonstrated an increase in Gmed activation as a result of putting and unloading brace on the knee
at both time points in the study. The significance of this strategy is unclear, as is its relation to the
difference in treatment response or long term consequences and further studies should be undertaken

to shed a light on this.
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Appendix 1: Letter of introduction

Lifaflfraedileg ahrif Unloader hnéspelku 48 mjadmalidi — greining 4 vodvavirkni
og hreyfimynstrum mjadmalida i gongu

Tilgangur pessa bréfs er ad dska eftir patttoku pinni og jafnframt ad kynna fyrir pér
rannsoéknina ,Lifaflfreedileg ahrif Unloader hnéspelku @ mjadmalidi — greining & vodvavirkni
og hreyfimynstrum mjadmalida i goéngu“. Rannsoknin er meistaraverkefni Freyju
Halfdanardéttur sjukrapjalfara, i hreyfivisindum vid Laeknadeild Haskdla islands.

Abyrgdarmadur rannséknarinnar: Dr.Kristin Briem, lektor vid ndmsbraut i sjukrapjalfun,
Haskoli islands, Stapi vid Hringbraut. Vinnusimi: 525-4096, tolvupdstur: kbriem@bhi.is
Rannsakandi: Freyja Halfdanardottir, simi: 867-8572, tolvupdstur: freyja@sjukratjalfun.is

Inngangur:

Slitgigt i hnjalidum er vaxandi heilbrigdisvandamal og algeng orsok faerniskerdingar og
ororku. Tengsl virdast vera milli slits i hnjalid og prounar & sliti i 66rum pungaberandi lidum,
par virdast gagnsteedur mjadmarlidur og hitt hnéd vera sérstaklega i ahaettu. Rannsdknir
hafa pvi i vaxandi mali beinst ad &hrifum lifaflfreedilegra péatta & préun slitsins. |
hreyfirannséknum hefur greinst munur a slitgigtarsjuklingum og heilbrigdum hvad vardar
hreyfingu, alag og vodvavirkni umhverfis hnén, en einnig virdist vera munur milli pessara
hopa a hreyfingu og dlagi 8 mjadmalidi. Unloading hnéspelkur eru notadar til ad breyta alagi
a lidbrjosk i hnjalid pegar adeins er slit i hluta hans. Medferd med slikum spelkum getur
dregid ur verkjum, baett starfreena getu og aukid lifsgaedi, einnig hafa paer ahrif 4 hreyfiferla
og vodvavirkni umhverfis hnéd.

Tilgangur og markmid rannséknarinnar:

Litid er vitad um hvada ahrif spelkurnar hafa a alag, hreyfimynstur og védvavirkni kring um
mjadmalidi. Tilgangur rannséknarinnar er ad kanna ahrif UnloaderOne hnéspelku 3
vodvavirkni og afl- og hreyfifreedilega paetti kring um mjadmarlidi i gongu eftir ad notkun
spelkunnar hefst og eftir 4 vikna notkun hennar. Nidurst6dur munu auka skilning okkar &
alagi mjadmalida hja einstaklingum med slitgigt i hné og hvort hnéspelka hafi ahrif par a.

batttokuskilyrdi:
Karlmonnum & aldrinum 40-60 ara sem greindir eru med slitgigt i midleega hluta hnjalidar
verdur bodin patttaka. Til samanburdar verdur einnig leitad eftir patttoku einstaklinga med
heilbrigd hné og sému aldurs-, haedar-, pyngdardreifingu og rannséknarhdpurinn.
Ekki er haegt ad bjoda peim einstaklingum ad taka patt i rannsékninni sem:
e eru med gervilid i einhverjum lid i nedri utlim eda pekkt slit i mjadmalidum
e eru med slitin lidbond i hnjam eda hafa brotnad inn i hnjalid
e hafa farid i steerri hnjaadgerdir eins og t.d. krossbandsadgerd
e eru med sykursyki, taugasjukddma sem hafa ahrif & gongulag, ofurvidkveema hid eda
blédrasarvandamal i ganglimum eda likamspyngdarstudul (BMI) >35.0
o fengu sterasprautu eda hyaluranon medferd i hnéd fyrir minna en premur manudum
o féruispeglun a hné fyrir minna en sex manudum
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batttaka i rannsokninni felur i sér:

patttakendur i rannséknarhdp fa UnloaderOne hnéspelku fra Ossuri ldnada til notkunar i 4
vikur (http://ossur.is/thjonusta/spelkur-og-hlifar/unloaderone) peir purfa ad maeta tvisvar i
malingar, vid upphaf rannséknar og ad 4 vikum lidnum, en sérstakur nemi i spelkunni meaelir
hversu mikid spelkan er notud a timabilinu. batttakendur i samanburdarhép maeta einu sinni
i apekka meelingu. Melingar fara fram i Rannséknarstofu i hreyfivisindum, Stapa vid
Hringbraut, Haskéla islands og tekur hver maeling um 2 klukkustundir. Endurskinskdlur verda
festar med teygju eda limbandi 4 ganglimi og bol patttakenda og hreyfingar kdlnanna teknar
upp pegar gengid er stuttan spol (8m) eftir sléttu gélfi rannsdknarstofunnar. Bakvodvar og
vodvar utanvert 8 mjodmum verda styrkprofadir og vodvarit tekid af peim med pradlausum
elektrodum. Hver patttakandi parf ad ganga 5-10 skipti eftir gélfinu og einnig ad svara
spurningarlista um virkni, verki og starfreena getu. Aldur, haed og pyngd patttakenda verdur
einnig skrad.

Avinningur/ahaetta af patttoku:

patttakandi faer UnloaderOne hnéspelku fra Ossuri lanada til notkunar i 4 vikur. Ekki verdur
greitt fyrir patttoku. Ahaetta af patttoku er litil, einstaka notendur spelkunnar hafa fundid
fyrir 6paegindum vegna prystings eda nunings en slikt er sjaldgaeft. Eins er hugsanlegt ad
einstaklingar med vidkveema hud finni fyrir timabundinni ertingu undan elektrodum eda
limbandi sem notad er til ad festa endurskinskdlur & hud. batttakendur eru ekki sérstaklega
tryggdir gegn dhoppum, enda engin dhaetta sem felst i patttoku utan peirrar sem tengist
goéngu.

Tranadur og gagnaoryggi:

Rannsakandi heitir fullum tranadi vid patttakendur. bvi til stadfestingar skrifar hann dsamt
patttakanda undir upplyst sampykki. Gagnaurvinnsla fer fram i télvu, gégn sem audkennd
eru einungis med numeri eru geymd par undir lykilordi sem rannsakandi hefur einn adgang
ad. Spurningalistar, audkenndir med nuimeri, verda geymdir i laestri hirslu.

bdtttakendur geta heett patttéku i rannsékninni a hvada stigi hennar sem er dn skyringa
eda eftirmdla. Vakni einhverjar spurningar ma leita til starfsfolks rannsoknarinnar eftir
ndnari upplysingum, eda til visindasidanefndar (sjé nedanmdls).

Nidurstodur rannséknarinnar verda birtar i mastersritgerd Freyju Halfdanarddttur, einnig er
stefnt ad pvi ad birta grein i erlendu fagtimariti. Persénugreinanlegar upplysingar munu
hvergi koma fram opinberlega.

Kzer kvedja,
med von um gédar undirtektir

Abyrgdarmadur Rannsakandi
Dr. Kristin Briem, lektor Freyja Halfdanardottir, meistaranemi
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Appendix 2: Informed consent

Lifaflfraedileg ahrif unloader hnéspelku @ mjadmalidi — greining a
vodvavirkni og hreyfimynstrum mjadmalida i géngu

Sampykkisyfirlysing fyrir patttakendur

Markmid rannsoknarinnar er ad kanna ahrif UnloaderOne hnéspelku & vodvavirkni og
hreyfimynstur umhverfis mjadmir eftir ad notkun spelkunar hefst og eftir 4 vikna notkun.
Nidurstodur munu auka skilning okkar a alagi mjadmalida hja einstaklingum med slitgigt i
hné og hvort hnéspelka hafi ahrif par a.

batttakendur sampykkja ad maeta i maelingar par sem ganga parf 5-10 ferdir eftirum 8 m
sléttu golfi rannséknarstofunnar. Teknar verda upp hreyfingar endurskinskulna sem festar
verda a likamann, sem og merki fra vodvum i mjodmum/baki. betta tekur um 1,5-2 kist.

Eg stadfesti hér med undirskrift minni ad ég hef lesid upplysingarnar um rannséknina sem
mér voru afhentar, hef fengid taekifeeri til ad spyrja spurninga um rannséknina og fengid
fullnaegjandi svér og Utskyringar & atridum sem mér voru 6ljés. Eg hef af fisum og frjalsum
vilja dkvedid ad taka patt i rannsékninni. Mér er ljost, ad po ég hafi skrifad undir pessa
samstarfsyfirlysingu, get ég st6dvad patttoku mina hvenaer sem er an Utskyringa og an
afleidinga.

Mér er ljést ad rannséknargégnum verdur eytt ad rannsékn lokinni og eigi sidar en 5 arum
fra drvinnslu rannsdknargagna. Mér hefur verid skyrt fra fyrirkomulagi trygginga fyrir
patttakendur i rannsdékninni. Upplysingabréf og sampykki fyrir pessari rannsokn eru i tviriti og
patttakandi mun halda eftir eintaki af hvoru tveggja.

Dagsetning Nafn patttakanda

Undirritadur, starfsmadur rannséknarinnar, stadfestir hér med ad hafa veitt upplysingar um
edli og tilgang rannséknarinnar, i samraemi vid 16g og reglur um visindarannsoknir.

Nafn pess sem leggur sampykkisyfirlysinguna fyrir
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Appendix 3: KOOS questionnaire Icelandic version
KOOS hnékénnun

Dagsetning: / / Nafn/audkenni:

Leidbeiningar: Oskad er eftir pinu mati 4 astandi hnés pins. Upplysingarnar munu hjalpa okkur ad
fylgjast med lidan pinni i hnénu og hversu vel pér gengur ad framkvaema venjubundnar athafnir.

Svaradu sérhverri spurningu med pvi ad merkja i videigandi reit, adeins skal merkja i einn reit fyrir

hverja spurningu. Ef pu ert dviss um svar vid spurningu, reyndu vinsamlegast ad velja besta svarid.

Einkenni
Pessum spurningum skal svara med einkenni sidastlidinnar viku i huga.
S1. Er bdlga i hnénu?

Aldrei Sjaldan Stundum Oft Alltaf
O O O O O
S2. Finnurdu fyrir marri, heyrir smelli eda eitthvert annad hljéd pegar pu hreyfir hnéd?
Aldrei Sjaldan Stundum Oft Alltaf
a O O O O
S3. Laesist hnéd eda festist vid hreyfingu?
Aldrei Sjaldan Stundum Oft Alltaf
a O O O O
S4. Geturdu rétt ur hnénu til fullnustu?
Alltaf Oft Stundum Sjaldan Aldrei
a O O O O
S5. Geturdu beygt hnéd til fullnustu?
Alltaf Oft Stundum Sjaldan Aldrei
a O O O O

Stirdleiki

Eftirfarandi spurningar varda hversu miklum stirdleika pu hefur fundid fyrir i hnélid pinum sidastliona
viku. Stirdleiki er tilfinning um médtstédu gegn hreyfingu i hnénu, sem annars eetti ad vera
areynslulaus.

S6. Hversu mikill er stirdleikinn i hnénu fyrst eftir ad pu vaknar 8 morgnana?

Enginn Svolitill P& nokkur Mjog mikill Gridarlegur
O O O O O
S7. Hversu mikill er stirdleikinn i hnénu eftir ad pu situr um stund, leggur pig eda hvilir seinna um
daginn?
Enginn Svolitill P& nokkur Mjog mikill Gridarlegur
O O O O O
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Sarsauki
P1. Hversu oft finnurdu fyrir sarsauka i hné?
Aldrei Manadarlega Vikulega Daglega Alltaf
O O O O O

Hversu miklum sarsauka hefurdu fundid fyrir i hnénu sidastliona viku vid eftirfarandi athafnir?
P2. Vinda/snua upp a hnéd

Engum Svolitlum P6 nokkrum Mjog miklum Gridarlegum
[l U] [l U] [l
P3. Rétta ur hnénu til fullnustu
Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
O O O O O
P4. Beygja hnéd til fullnustu
Engum Svolitlum P& nokkrum Mjog miklum Gridarlegum
O O O O O
P5. Ganga & jafnsléttu
Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
O O O O O
P6. Ganga upp eda nidur stiga
Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
O O O O O
P7. Rumliggjandi ad néttu til
Engum Svolitlum P6 nokkrum Mjog miklum Gridarlegum
[l U] [l U] [l
P8. Sitjandi eda liggjandi
Engum Svolitlum P& nokkrum Mjog miklum Gridarlegum
O O O O O
P9. Standandi upprétt
Engum Svolitlum P& nokkrum Mjog miklum Gridarlegum
[l U] [l U] [l

Geta til daglegra athafna.
Eftirfarandi spurningar varda likamlega starfreena feerni. Med pvi er att vid getu pina til ad hreyfa pig
og sja um sjalfa(n) pig. Fyrir sérhverja ath6fn sem hér fer 4 eftir, vinsamlegast gefdu til kynna hversu

miklum erfidleikum pu hefur ordid fyrir sidastlidna viku vegna hnés pins.
Al. Ganga nidur stiga

Engum Svolitlum P6 nokkrum Mjog miklum Gridarlegum
t U t U t
A2. Ganga upp stiga
Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
O O O O O
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A3. Risa upp ur stél
Engum Svolitlum P6 nokkrum
O O O
A4. Standa
Engum Svolitlum P nokkrum
O O O
A5. Beygja pig nidur ad golfi/taka hlut upp af golfi
Engum Svolitlum P nokkrum
O O O
A6. Ganga a jafnsléttu
Engum Svolitlum P& nokkrum
[l U] [l
A7. Setjast inn i/stiga ut ur bil
Engum Svolitlum P& nokkrum
O O O
A8. Fara i budir
Engum Svolitlum P& nokkrum
O O O
A9. Klaeda pig i sokka
Engum Svolitlum P nokkrum
O O O
A10. Fara fram dr riminu
Engum Svolitlum P6 nokkrum
[l U] [l
A1l1l. Fara ur sokkum
Engum Svolitlum P& nokkrum
O O O
A12. Liggja i riminu (snua pér, vidhalda st6du a hné)
Engum Svolitlum P& nokkrum
O O O
A13. Stiga ofan i badkar/komast upp ur
Engum Svolitlum P& nokkrum
O O O
Al4. Sitja
Engum Svolitlum Pé nokkrum
O O O
A15. Setjast a klésettid/standa upp
Engum Svolitlum Pé nokkrum

O

O
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Mjog miklum
O

Mjog miklum
O

Mjog miklum
O

Mjog miklum
U]

Mjog miklum
O

Mjog miklum
O

Mjog miklum
O

Mjog miklum
O

Mjog miklum
O

Mjog miklum
0

Mjog miklum
O

Mjog miklum
O

Mjog miklum

Gridarlegum
O

Gridarlegum
O

Gridarlegum
O

Gridarlegum
[l

Gridarlegum
O

Gridarlegum
O

Gridarlegum
O

Gridarlegum
[l

Gridarlegum
O

Gridarlegum
O

Gridarlegum
O

Gridarlegum
O

Gridarlegum



A16. Erfidari heimilisstorf (flytja til punga hluti, skrabba golf, o.s.frv.)

Engum Svolitlum P& nokkrum Mjog miklum Gridarlegum
O O O O O
A17. Léttari heimilisstorf (elda mat, purrka af, o.s.frv.)
Engum Svolitlum P4 nokkrum Mjog miklum Gridarlegum
U u u U u

Starfreen geta, ipréttir, tdmstundargaman
Eftirfarandi spurningar varda likamlega feerni vid erfidari athafnir. Fyrir sérhverja ath6fn sem hér fer a

eftir, vinsamlegast gefdu til kynna hversu miklum erfidleikum pa hefur ordid fyrir sidastliona viku
vegna hnés pins.

SP1. Setjast & haekjur pér

Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
U u u U u
SP2. Hlaupa
Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
O O O O O
SP3. Hoppa
Engum Svolitlum P& nokkrum Mjog miklum Gridarlegum
0 0 0 0 0

SP4. Snua/vinda upp & veika hnéd
Engum Svolitlum P4 nokkrum Mjog miklum Gridarlegum
U u u U u

SP5. Krjupa a kné

Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
0 0 0 0 0
Lifsgaedi
Q1. Hversu oft verdurdu var/vor vid hnévandamalid pitt?
Aldrei Manadarlega Vikulega Daglega Stodugt
0 0 0 0 0

Q2. Hefurdu adlagad lifsstil pinn til ad fordast athafnir sem mogulega skada hnéd?
Alls ekki Svolitid P4 nokkud Mjog mikid Algerlega
O O O O O

Q3. Hversu miklar dhyggjur hefurdu vegna pess ad pu vantreystir hnénu?
Engar Svolitlar P& nokkrar Mjog miklar Gridarlegar
O O O O O

Q4. Hversu miklum vanda veldur hnéd pér yfirleitt?
Engum Svolitlum P nokkrum Mjog miklum Gridarlegum
O O O O O

bakka pér keerlega fyrir ad svara 6llum spurningum pessa spurningalista.
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Appendix 4: KOS-ADLS questionnaire Icelandic version

Leidbeiningar:

bessi spurningalisti er hannadur til ad dkvarda einkenni og homlur sem hnéd veldur pér vid

pinar venjulegu daglegu athafnir. Vinsamlegast svaradu sérhverri spurningu med pvi ad

merkja vid ba einu stadhafingu sem lysir best pinu astandi undanfarna 1-2 daga.

Vinsamlega merkid einungis vid pad svar sem best lysir pér vid hefdbundin dagleg storf, pd
svo ad fleiri en ein stadhaefing gaeti svarad spurningunni.

Dagsetning:

Einkenni

Nafn:

AJ hve miklu leyti hefur hvert eftirfarandi einkenna ahrif a getu pina til daglegra athafna?

(Merkid vid eitt svar vid hverri spurningu)

petta
Eg hef petta betta einkenni
einkenni — betta einkenni betta kemur i veg
en pad einkenni hefur pé einkenni fyrir
hefur ekki hefur nokkur hefur mjog patttoku
Eg hef ekki ahrif 3 svolitil ahrif ahrif a mikil ahrif 3 | mina i 6llum
petta athafnir a athafnir athafnir athafnir daglegum
einkenni minar minar minar minar athofnum
Sarsauki a a a O a a
Stirdleiki O O O O 0 0
Bolgur O O a O a a
Hné hlidrast
til - laetur O O O O O O
undan
Kraftleysi O O a O a a
Helti O O O O O O
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Homlur vid daglegar athafnir:

Hvada ahrif hefur hnéd a getu pina til ad ... (Merkid adeins vid eitt svar i hverri linu)

Eg er 6fzer
Athofnin um ad
veldur Athofnin er framkvaeema
Athofniner | saralitlum | Athofniner | pé nokkud | Athofnin er bessa
ekki erfid erfidleikum | dalitio erfid erfid mjoég erfid athofn
Ganga? O ad ad O g a
Ganga upp
. 1l (l | [l 1l |
stiga?
Ganga nidur
. 1l (l | [l 1l |
stiga?
Standa? O O a O O ad
Krjlpa &
hné pitt? H H H H H H
Sitja a
hakjum O O a O O ad
pér?
Sitja med
hnés bogid? D D - a D -
Risa Upp dr 0 0 0 0 0 0
stél?

Veldu tolustaf & bilinu 0 til 100 sem lysir pvi hversu vel pu getur notad hnéd vid pin venjulegu daglegu

storf. 100 lysir feerni i hné fyrir dverka og 0 lysir alls engri getu til ad sinna pinum daglegum storfum.

Svar:

Hvernig myndir pu meta almenna feerni i hné vid pin venjubundnu daglegu storf? (vinsamlegast

merktu vid pad eitt svar sem lysir pér best)

O Edlileg

O Neerriedlileg
O Oedlileg

O Mjog éedlileg

Hvernig mundirdu meta nuverandi getu pina til daglegra athafna i kjélfar hnéaverkans? (vinsamlegast

merktu vid pad eina svar sem lysir pér best)
O Edlileg
O Neerriedlileg
O Oedlileg
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Appendix 5: NPAQ questionnaire Icelandic version

Dagsetning: Audkenni:
Hreyfing i vinnu
Ert pa i vinnu eda stundar skola? Ja Nei

Ef svo er, hver af eftirfarandi lysingum passar best pinni atvinnu eda pinum
skolatima? (Ekki taka med ferdir til og fra vinnu eda skola)

[ 1 A mestu leyti kyrrsetuvinna eins og skrifstofuvinna (gjaldkeri i bud
eda i banka, og létt likamleg vinna)

[ 1 Vinna, sem krefst mikillar géngu eins og starf grunnskolakennara
(adstodarmanneskja i verslun, létt idnadarvinna)

[ 1 Vinna sem krefst mikillar gongu og lyftinga eins og starf sjukralida
(erfid idnadarmannavinna)

[ 1 Erfio likamleg vinna eins og erfid byggingavinna (erfid vinna til
sveita, erfio skorakt)

Medal og erfid hreyfing

Hversu miklum tima samtals sidustusjo daga, eyddir pu i likamlega hreyfingu i
fritima pinum par sem likamleg areynsla var i medallagi eda erfidari og stod yfir i
ad minnsta kosti tiu minuatur i hvert skipti? Pess hattar hreyfing eykur hjartslatt og
ondun. Daemi eru rosk ganga, skokk og erfid gardvinna, en spurt er um alla
likamlega hreyfingu i fritima pinum og vid virkan ferdamata (t.d. til og fra vinnu
eda skola; taktu med likamlega hreyfingu vid allar Gtréttingar). Astladu ad naestu
prjatiu minatum.,
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Erfio hreyfing

Heér er spurt um hversu mikid af peirri hreyfingu sem pu gafst upp i sidustu
spurningu var erfid? Hversu miklum tima samtals sidustusjo daga eyddir pu i
erfida hreyfingu i fritima pinum sem st6d yfir i ad minnsta kosti tiu minatur i
hvert skipti? Pess héattar hreyfing orsakar tluverda aukningu a hjartsletti og
svita, og hradari éndun sem gerir folki erfitt ad tala. Deemi eru hlaup og spila
fotbolta. Asetladu ad naestu prjatiu minGtum.

Flokkun a likamlegri hreyfingu i fritima
Veldu gina af eftirfarandi lysingum sem passar best ath6fnum pinum i fritima,
sidustu sjo daga.

[]
[]

[]

[]

Lestur, sjonvarpsahorf eda dnnur kyrrseta?

Ganga, hj6lreidar eda 6nnur tegund af léttri areynslu i ad minnsta
kosti fjérar klukkustundir sidustusjo daga. Teldu med géngu eda
hjolreidar til og fra vinnu, sunnudagsgéngu og pess hattar.

patttaka i iprottum i tomstundum, erfid gardyrkja og pess héttar,
par sem timalengd hreyfingar er ad minnsta kosti fjorar

klukkustundir sidustusjo daga.

patttaka i erfidri pjalfun eda iprottkeppni, reglulega nokkrum
sinnum sidustu sjo daga.
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Anatomic and tracking markers

Appendix 6: Marker set

Location Name Number
First metatarsal TOE1 Bilaterally 2
Fifth metatarsal TOES Bilaterally 2
Medial malleoli MMAL Bilaterally 2
Lateral malleoli LMAL Bilaterally 2
Upper calcaneus HEELH Bilaterally 2
Lower calcaneus HEELL Bilaterally 2
Medial epicondyle of femur MK Bilaterally 2
Lateral epicondyle of femur LK Bilaterally 2
Trochanter major GT Bilaterally 2
Anterior superior iliac spine ASIS Bilaterally 2
Posterior superior iliac spine PSIS Bilaterally 2
lliac crest Cl Bilaterally 2
Sacrum SACRUM 1
Acromion AC Bilaterally 2
Manubrium of sternum STERNMAN 1
Xiphoid process STERNXIPH 1
Cervical vertebra 7 C7 1
Thoracic vertebra 10 T10 1
Markers total 31
Marker shells

Location Name Number
Thigh TH1-4 (4 markers) Bilaterally 2

Shank SH1-4 (4 markers) Bilaterally 2
Markers shells total 4
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