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Chapter 1: Introduction

Osteoarthritis (OA) is the most common joint disease in adults, affecting over 40 million
individuals in the United States (Taruc-Uy & Lynch, 2013). OA is not a curable disease at
present; therefore, pain management is key for people with OA. People with knee OA can have a
combination of clinical symptoms which are pain and loss of function (Andriacchi & Favre,
2014), and changes to articular cartilage seen on a radiograph (Baliunas et al., 2002). Many OA
patients will have severe limitations with walking and mobility such as knee stiffness (Baliunas
et al., 2002). Knee OA is the most prevalent cause of “mobility dependency” (Messier et al.,
2013). High joint loads often correlate with knee OA, since elevated contact forces cause the
degradation of knee cartilage (Messier et al., 2013). However, it is unclear from the literature if
time of day influences everyone with knee osteoarthritis and how they may take that into
consideration for daily movement patterns.

How the time of day affects performance and movement has been examined to determine
the best time of day to train, perform, and collect data. The topic of diurnal rhythms is very
prevalent in sports and exercise medicine research; however, there have been no studies to find
joint contact force data regarding OA symptoms and performance outcomes over the course of a
day. The purpose of this study is to determine the effect of time of day on knee joint contact
forces in people with knee joint OA. We hypothesize that knee joint loads will be higher during

the evening compared to the morning.



Chapter 2: Review of Literature

Osteoarthritis (OA) is the most common joint disease in adults, affecting over 40 million
individuals in the United States (Taruc-Uy & Lynch, 2013). OA costs the United States economy
more than $100 billion annually in medical care (Mobasheri & Batt, 2016). OA effects people by
limiting walking and overall quality of life (Michael et al., 2010), and without proper treatment,
OA can be a debilitating disease for individuals.

Osteoarthritis is not a curable disease at present; therefore, pain management is key for
people with OA. Symptoms include a deep, painful sensation that can become continuous as the
disease progresses (Taruc-Uy & Lynch, 2013). However, the severity of symptoms does vary
from person to person. People with knee OA can have a combination of clinical symptoms which
are pain and loss of function (Andriacchi & Favre, 2014), and changes to articular cartilage seen
on a radiograph (Baliunas et al., 2002). The severity of clinical symptoms and radiographic
changes are not always similar (Baliunas et al., 2002). Some patients may have an unnoticeable
case of knee OA, but there will be evidence of disease on a radiograph. Others will have severe
limitations with walking and mobility such as knee stiffness (Baliunas et al., 2002). Clinical OA
is patient driven due to their need for treatment of their cartilage degradation (Andriacchi &
Favre, 2014). OA is treated with a combination of pain medication, physical therapy, and
sometimes surgery (Taruc-Uy & Lynch, 2013). However, the current treatments do not stop all
symptoms or prevent further progression of the disease, as pharmacological prescriptions only
reduce pain symptoms by 30% at best (Messier et al., 2013). Physicians treat OA on an
individual basis to assist each patient to regain function (Taruc-Uy & Lynch, 2013). Physicians
prescribe cardiovascular and resistance exercise as well as intense dieting to patients with OA,

since weight loss and consistent exercise have been shown to produce positive effects for



osteoarthritic joints (Guilak, 2011). Enhancing patient health in this way can result in less pain
and inflammation, faster walking speeds, and better function (Messier et al., 2013).

Researchers do not fully understand the causes of this disease, but there are
biomechanical factors that initiate and progress the disease (Guilak, 2011). Malignment and joint
instability are factors in the onset of OA (Guilak, 2011), along with modifiable factors like
obesity (Guilak, 2011) and non-modifiable factors like age (Michael et al., 2010). As the disease
progresses, people can walk with an asymmetric, seen by limping, gait and have increased
mechanical joint stress (Michael et al., 2010). People with knee OA or those that have knee
issues which can progress to OA can have improved function and quality of life if they modify
lifestyle factors such as diet and frequently do physical activity.

Knee OA can be a debilitating disease when not addressed leading to a diminished
quality of life and mobility deficits. Knee OA is the most prevalent cause of “mobility
dependency” (Messier et al., 2013). High joint loads often correlate with knee OA, since elevated
contact forces cause the degradation of knee cartilage (Messier et al., 2013). Peak loading and
tibiofemoral compressive impulse are two biomechanical factors that can predict the severity of
the joint disease, given there is an accumulation of joint loads at the knee (Messier et al., 2020).
The compressive load per step is critical for determining knee joint health (Messier et al., 2020).
Furthermore, the knee adduction moment (KAM) is a method of measure which has been
identified as an integral factor in knee OA (Telfer et al., 2017). KAM measures “medial-to-
lateral knee joint load distribution during gait” (Hall et al., 2017). KAM relates to OA because
the force data including peak and impulse correlate to the thinning of cartilage resulting from
knee OA (Hall et al., 2017). We expect that higher KAM values will be associated with higher

knee joint loads, and therefore an increased risk or degree of OA (Baliunas et al., 2002). Even



with the acknowledgement of KAM data, it is unclear from the literature if time of day has an
effect on everyone with knee osteoarthritis and how they may take that into consideration for
daily movement patterns.

How the time of day affects performance and movement has been examined to determine
the best time of day to train, perform, and collect data. Isokinetic mechanical data,
electromyography (EMG), and rectal temperature have been used to record differences in
physiological output due to time of day effects (Deschenes et al., n.d.). Results from a study
found that maximal athletic performance occurs between 0800-2000h, which was largely based
on speed of movement, peak torque, as well as power (Deschenes et al., n.d.). Other results have
indicated that neuromuscular performance is generally improved in the afternoon/early evening
when peak body temperature values are also attained (Jaafar & Lajili, 2018). Related, EMG
shows a significant increase in muscle electrical activity in the evening compared to the morning
(Martin et al., 1999). People with knee OA have decreased peak knee joint torque output with
testing and have different muscle activity patterns compared to people without knee OA
(Baliunas et al., 2002). People with osteoarthritis often lack the motivation to exercise due to the
pain resulting from joint disease. Time of day is a consideration that individuals may account for
when designing their exercise regimen and be related to commonly seen deficits. The topic of
diurnal rhythms is very prevalent in sports and exercise medicine research; however, there have
been no studies to find joint contact force data regarding OA symptoms and performance

outcomes over the course of a day.



Chapter 3: Methods

Participants

This study included a convenience sample of eight adults, seven females and one male,
between 36-59 years old, and BMI from 22.6 — 45.0 kg/m? (Table 1). Participants were recruited
via flyers, in-person recruitment, and word of mouth. Potential participants were informed about
the details of the study and were told that they can end their participation in the study at any point.
Participants were excluded if they did not have one-sided knee OA. Participation was voluntary
with no financial incentives, and they provided written consent as approved by the University
Internal Review Board (Appendix B) before taking part in the study. During data collection, one
participant dropped out after only completing the evening portion of the study. Another participant
completed both the morning and evening sessions but could only walk at their preferred speed

because the set speed was too fast.

Table 1: Participant Demographics, Mean (SD)

Females (n =7) Males (n = 1) Total (n = 8)
Age (Years) 45.7 (11.5) 58.0 47.3 (11.5)
Height (m) 1.69 (0.1) 1.99 1.72 (0.1)
Mass (kg) 98.3 (27.6) 101.7 98.8 (25.6)
BMI (kg-m) 35.0 (11.6) 25.6 33.8 (11.2)
Preferred Speed (m-s) 1.16 (0.2) 1.41 1.19 (0.2)

m: meters. kg: kilograms. s: seconds.

Instruments
The Physical Activity and Readiness Questionnaire (PAR-Q) determined if the participant

was able to perform the activity without consulting a physician. Height and weight was measured



with a height and weight mechanical beam physician scale. Leg length from greater trochanter to
lateral malleolus was measured via tape measure. Leg dominance was self-reported. Reflective
markers were applied by the principle investigator to sixty-six bony landmarks. Gait data was
obtained via three-dimensional motion capture, which consisted of a 17-camera motion capture
system (Qualisys, Goteburg, Sweden) collected at 200 hz. The gait and lower extremity force data,
sampled at 2000 hz, was collected on an instrumented dual belt treadmill with two embedded force
plates (Bertec, Columbus, Ohio). Raw gait data was cleaned and organized in Qualisys Track
Manager software (QTM). A custom program in LabVIEW (National Instruments, Austin, Texas)
called a custom pipeline in Visual 3-D (C-Motion, Germantown, Maryland) to build the static
model and to calculate joint angles and moments from the motion files, which were then used as
inputs to an axial musculoskeletal model by DeVita & Hortobagyi (2001) including the later
additions described in Messier et al. (2011) to compute tibiofemoral joint contact forces. Output
variables were organized in Excel via LabVIEW. Statistics were conducted in SPSS v.29 (IBM,

Chicago, Illinois), and figures were constructed in MATLAB.

Design and Procedures

The design of this study was experimental in nature.

Over the phone, the researcher marked participant responses to the Health Survey and
Physical Activity and Readiness questionnaire to determine if they met the criteria for the study.
Participants were then scheduled to visit the Human Movement Analysis Lab (HMAL) in the
Department of Physical therapy which is located in the Health Science Building at East Carolina
University in Greenville, North Carolina. There were two data collection days for each participant

which were each completed within a three-day period. The participants were asked to wear tight



fitting spandex; if a participant did not have adequate clothing for motion capture, then the lab
provided clothing. Upon arrival, participants read and signed the informed consent and were given
a chance to ask any questions about the study. Anthropometric measures including height, mass,
and leg length from greater trochanter to lateral malleolus were obtained along with self-reported
leg dominance. To determine leg dominance, participants were asked which leg they would kick
a ball with. Hypoallergenic tape and elastic wraps were used to attach sixty-six retroreflective
markers to bony landmarks on the participants’ upper and lower extremities, trunk, and pelvis for
the collection of 3-D motion capture data.

Participants then stood on an instrumented split-belt treadmill and with their arms out for
static motion capture. The participant was given a one-to-two-minute familiarization period with
the treadmill as well as a one-to-two-minute warm up on the treadmill at the 70% of their preferred
walking speed determined from the average of the three trials earlier. The participant was asked to
rate their pain, perceived exertion, and knee stiffness after the warm-up. Data collection began
with the first trials being performed at preferred speed for 2 minutes. During this time, motion and
force data were recorded three times via Qualisys Track Manager (QTM). After the first trial, the
participant was again asked to rate their pain, perceived exertion, and knee stiffness. The
participant then had a seated rest period for 5 minutes. After rest, the participant was asked to rate
their pain, perceived exertion, and knee stiffness. The same procedure was repeated for the set
speed of 1.3 m-sL. After the last condition, markers were removed from the participant and they

were dismissed from the study.



Chapter 4: Results

The purpose of this study was to determine the effect of time of day on knee joint contact
forces in people with knee joint OA. We hypothesized that knee joint loads would be higher during
the evening compared to the morning.

The difference between affected and unaffected limbs on total (p = 0.044; np? = 0.015),
medial (p = 0.005; np? = 0.28), and lateral (p = 0.034; np? = 0.016) peak joint contact forces was
significant with small effect sizes. The difference between time of day was significant for total (p
= 0.004, np? = 0.03) and lateral (p < 0.001, np? = 0.047) peak contact forces and had small effect
sizes. However, the difference between time of day was not significant for medial (p = 0.127; np?
= 0.009) peak contact forces. The interaction of limb by time of day was not significant for any
peak forces: total (p = 0.264; np? = 0.005), medial (p = 0.986; np?> = 0), nor lateral (p = 0.389; np? =

0.003).



Table 2: Tibiofemoral Joint Contact Forces, Mean (SD)

Variable AM PM E’]':;i‘g(‘:ts
Affected/Unaffected p
Total 2.61 (.55) 2.42 (.40) <.001
Medial 1.73 (.39) 1.64 (.36) < .001
Lateral 1.01 (.30) 0.91 (.26) <.001
Total 2.73 (.62) 2.64 (57) 0.037
Medial 1.90 (.55) 1.85 (.51) <.001
Lateral 1.09 (.34) 0.10 (.29) <.001

Averages (SD) for peak forces of the tibiofemoral joint.
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Figure 1: Total Tibiofemoral Joint Contact Forces During Walking Trials

Total tibiofemoral contact forces over percent stance during walking trials. The lines represent the
mean across all participants. During the morning, the unaffected limb had higher peaks than the
affected limb. During the evening, the unaffected limb produced similar first peaks to the affected
limb, but higher second peaks.
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Figure 2: Medial Tibiofemoral Joint Contact Forces During Walking Trials

Medial tibiofemoral contact forces over percent stance during walking trials. The lines represent
the mean across all participants. During the morning and the evening, the unaffected limb had
higher first and second peaks than the affected limb.

11




Lateral Tibiofemoral Joint Contact Forces
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Figure 3: Lateral Tibiofemoral Joint Contact Forces During Walking Trials

Lateral tibiofemoral contact forces over percent stance during walking trials. The lines represent
the mean across all participants. The unaffected limb during the morning condition produced
similar results as the affected limb in the morning. The unaffected limb in the evening had higher
peaks than the affected limb in the evening. During the morning and the evening, the unaffected
limb produced higher second peaks than the affected limb.
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Chapter 5: Discussion

The purpose of this study was to determine the effect of time of day on knee joint contact
forces in people with unilateral knee joint OA. We hypothesized that knee joint loads would be
higher during the evening compared to the morning.

We found that the difference between affected and unaffected limbs on total, medial, and
lateral peak joint contact forces was significant with small effect sizes. The difference between
time of day was significant for total and lateral peak contact forces and had small effect sizes.
Results from previous studies found a general trend that neuromuscular performance and peak
body temperatures increase in the evening (Deschenes et al., n.d.). One study showed a gradual
increase in rectal temperature of ~0.5°C observed from morning to evening regardless of
biorhythmic changes due to exercise (Deschenes et al., n.d.). Meanwhile, they did not observe
significant biorhythmicity due to time of day in heart rate or blood pressure responses
(Deschenes et al., n.d.). In addition to the temperature changes, muscle performance metrics,
such as peak torque, were significantly affected by time of day effects, but only at the highest
speeds of movement tested (Deschenes et al., n.d.). Another study’s results showed that oral
temperature was significantly higher in the evening compared to in the morning (Jaafar & Lajili,
2018). Our results are different than these studies’ findings, in that we found higher forces in the
morning than the evening. Joint contact forces may not be linked to temperature and isolated
muscle testing because it requires coordination of other limbs and walking is not a maximal
activity.

One potential cause of this finding is different sequencing between the morning and
evening sessions. Six out of the eight participants’ morning session occurred prior to their

evening session. Due to the morning session being their initial session in the lab, there could
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have been variation in participant comfort and acclimation to the treadmill and the lab setting,
even though we provided a warmup on both days. We did not compare the participants who
started with a morning session versus those who started with an evening session because of a
small sample size. According to one study, treadmill experience mitigates the degree to which a
person adapts their walking pattern (Meyer et al., 2019). It is a reasonable assumption that
additional familiarization time on the split-belt treadmill would allow for more gait adaptations.
The six participants who walked on the treadmill during the morning could have experienced
increased knee stiffness and discomfort due to a lack of prior treadmill experience. Also, we did
not control for the amount of activity prior to each session, which could have affected
mechanics, but we decided on this because people will exercise after varying levels of morning
and evening activity.

Knee stiffness in the morning and evening was also considered as a cause of the higher
forces seen in the morning sessions. When examining the KOOS and WOMAC scores for each
participant, we found that knee stiffness outcome scores were similar for the morning and the
evening. Knee stiffness takes effect in those with knee OA for 30 minutes or less during the
morning (Duong et al., 2023). However, knee stiffness should not have induced any changes to
the contact forces because each participant had been awake and ambulatory for at least 30

minutes prior to walking on the treadmill.

Limitations

The sample size was limited due to a short period of time to use funds, but there are
trends for the interaction of time of day and limb which should be further explored with more

participants. In addition, seven out of eight participants who took part in the present study were
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female. To better represent the population of people with knee OA, more male participants

should be recruited.

Summary

Trends in the data of the present study point to a possible time of day effect for knee joint
contact forces. If we can determine how time of day affects knee joint contact forces in people
with and without OA, we could better prescribe when to exercise. Further studies should be

conducted with a larger and more balanced sample size to identify significant results.
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Appendices

Appendix A: Informed Consent

Sty IDUMCIRE 23000241 Date Approves 32312023 Doss Not Expire:

Informed Consent to Participate in Research

@ E' I l Information 10 consider before taking part in research that has no

more than mmimal risk.

Title of Research Stady: Investigation of Time of Diay Effects on Knee Toint Loading in People with Knee
Osteoarthritis

Principal lnvestigator: Dr. Ryan Wedge, T, Ply
Institution, Department or Division: Depariment of Physical Therapy, East Carolina
University Addsess: 2410 Health Sciences Building

Telephone #: 252.74.6237

Ressarchers at East Carolina University (ECU) study problms in society, health problems, environmental
problems, behavior problems and the human condition. Cur goal is to ry to find ways to improve the lives of you
and others. To do this, we nesd the help of voluntsers who ars willing t tahe part in rescarsh.

The purpose of this study is to determine the effeet of time of day on knee joint contact forces in peaple with knee
joint ostcoarthritis (OA). Findings from this study might be wsed 1o help clinicins design excrcise plans that

ance and minimize pain based on time of day. You are being invited to take part in this research
A affecting one of your knee joints. The
decision 10 take part in ek is vours to make. A potential bencfit ineludes estimating the most optirnal
time of day to fomstion < b st promete cfciency of physieal ity in poputcns hal
harve mobility limitations. If you volunteer to take part in this research, you will be one of about 32 peaple to doso

Are there reasons | should not take part in this rescarch?
Tunderstand | should not participate in this rescarch if I have any health problems that get worse when | wal
other than O or if 1 have had any surgeries ot major injurses Lo my legs in the past twelve months, 1 should not
volunteer for this study if 1 am under 18 yoars of age or older than 70 years of age, or unable o walk.

What other choices do | have if | do not take part in this research?
"Vou 2an chooss not to participate. You may stop participating at any point during the study.

Where s the research going o take place and how long will it lsi?
“The rescarch will take place in the Human Movement Analysis Laboratory in the Health Sciences Building of
East Carolina University. You will need 1o come to the laboratory 2 times during the study over the course of 3
days. The first session will oceur before 9 AM and the second session will occur after $ PM, on separate days
within 3 days of cach otlce. The total amount of time you will be asked to valuntcer for this study is approximal
2 hours and 30 minutes

What will I be asked to do?
Vou will take the Western Ontario and MeMaster Universities Osteoarthritis Indes (WOMAC) and Knee Injury
and Ostecarthritis Outceme Score (KOOS) questionnaires before cach collection. You will be asked te rate your
pain, perecived exertion, and knee stiffacss afiter those quostionnaires. Afler those questions, vou will be fittcd
with tight-fitting clothing. You will have height, weight, and leg length measured. You will have retroreflective

Cormsent Fersion # or Dae:

Stugy ID:UMCIRS 23.000241 Date Approved 3/23/2023 Does Not Expire.

Title o Saudy. Tume of Day on Knee Joint Loading n C1 w

or any other identifiable marks. The information from this study will be maintained for four years, At the end of
this time, hasd copies of your information will be destroyed and electronic information will be archived in Human
Motionsl Analysis Laboratory piratedsive (piratedsive is an individual foldos created on an ECU server for cach
faculty, staff’ and student for data file storage).

What if I decide I don’t want to continue in this research?
You can stop at any time afler if it has already started. There will be no consequences if you stop, and you will
not be eriticized. You will not losc any bencfits that you normally receive.

Who should I contact if | have questions?
“The people conducting this study will be available to answer any questions concerning this research, now or in the
future, You may contact the Principal Investigator Dr. Ryan Wedge via email at wedger 19 ocu.edu.

I you have questions about your rights as someone taking part in research, you may call the Univers
Medical Center Institutional Review Board (UMCIRB) at phone number 252-744-2914 (days. 8:00 am- pm).
I you would like o report a complaint or concern about this rescarch study, you may call the Director for Tiomon
Rescarch Protections, at 252-744-2914.

y &

s there a in; wuld K 4

Identifiers might be removed from private infe i identifiable bi and, after such
removal, the information or biospecimens could be used for future rescarch studics or distributed to another
investigator for future rescarch studics without additional informed consent from you or your Legally Authorized
Represcatative (LAR). However. there still may be a chance that someone could figure out the information is
about you.

Lhave decided I want to take part in this research. What should 1 do
The person obtaming informed consent will ask you to read the following and it
form:

‘ou agree. you should sign this

Thave read (or had read to me) all of the above information.

Thave had an opportunity to ask questions about things in this research 1 did not understand and
havercecived satisfact,
Tknow that T can stop taking part in this study at any time.

By signing this informed consent form, T am not giving up any of my rights.
Thave heen given a copy of this consent document, and it is mine to keep.

Do vou consent to a photograph of vour trunk and legs to be potentially used for public;
= = . <

your face.
Yes¢ ) No( )

Participant’s Name (PRINT) Signature Date

Person Obtaining Informed Consent: have condustcd the il informod conacat process { ave mm reviewed the
contents of the with the person wh vered all of the perso the
rescarch.

Person Obtaining Consent (PRINT) Signature Date

Page 3of 4

Comsent Version # or Dare.

Sty [DUMCIRE 23000241 Date Approved 3232023 Dioes Not Expire
Tie of Saudy: Bivessganon of Tome of Day cn K Joins Loading i Clieat Pogndanis

markers placed an bony landmarks and limb segments with two-side tape and wraps, Your preferred walking
speed will be determined by walking 3 10-meter distance theee times while timing the middle 6 meters with
photogates. You will then walk on an instrumented split belt teadmill. You will have a ene 1o two minutc
familiarization period with the treadmill as well as 2 onc to two minute warm up on the treadmill at the preferred
walking speed determined from the anverage of the three trials earlier, Youwill be asked 1o rate your pain, perceived
exertion, and knez stiffncss after the warm-up. During data colleztion, enc trial will be performed at prefered
speed for 3 minutes. Afler the first trial, you will be asked 1o rate their pain, perseived sxertion, and knee stiffsss,
You will then have 4 seated rost period for 3 minutes. Afier rosd, you will be asked 1o rate your pain, perceived
exartion, and knee stiffness. The seoond trial will be performed at a set speed of 1.3 ms for 3 minutes. After the
‘second trial, you will be asked to rate their paim, perceived exertion, and knee stiffness once more, Afier you finish
the second beut of walking, you can ask any final questions before changing back into leose clot

What might I experience if I take part in the research?
The risks involued in this study arc minimal_ s vou will only bewalking on a tresdmill. To minimize risk of
injury. a treadmill stop button will be available if you are walking improperly or you fec unsafc. There may not be
any personal benefit to you, however, the potential for health care professionals to better understand the changes in
foree dats of an individual with knee OA, over the span of  day, could be helpful for others with knce OA.
Individuals trained in CPR. AED, and First Aid will bepn:swl in the lab during the duration of the tests, If you

¥ pain or any the test will

Will 1 be paid for taking part in this rescarch?
You will be paid 525 per completed sevsion via a Groenphire Clin Card, totaling S50 for the two sessions.

W 2
There are no costs associated with this study. In the unfikely event that an injury oceurs 3 a result of this research,
payment for treatment must be provided by you ar your third party-paer. If any injury oecurs during the collection,
please netify the investigater in charge.

Who will know th part in this rescarch and le sonal information about me?
“The people and organizations isted belaw may know that you took part in this rescarch and may see information
about you that is normally kept peivate. With your permission, these peeple may use your private infermation (o do
this rescarch:

© The University & Medical Center Institutional Review Board (UMCIRB) and its staff, who have
responsibility for oversesing your welfare during this rescarch, and other ECU staff who overses this
rescarch,
Any agency of the federal, state, or lo<al govermment that regulates human research, This includes the
Department af Health and Human Services {DHHS), the North Carolina Department of healih, and the
Office for Human Rescarch Protections,
 Rescarch assistants under dircet supervision of the primary investigator.

HMow will vou keep the information you collect about me secure? How long will vou keep it?

No visual record or otherwise identifiable record of your performance is kept other than foree and motion data. All
lectronic and sther information pertaining to your partieipation will be kept confidential through the wse of
number codes. All questionarics and any form with your name will be stored in a locked file cabinet in the Human
Movement Laboratory, which remains locked except when in use, The only people with access o the passwords or
your personal infomuation will be the rescarchers identificd sbove. Motion analysis data collccted during the study
ill ot b Linked with any persanally ientifiable informatian. Elecironie information from this study i also
password protected. The results of this study may be published in scientific literature or presented at professional
ineetings. IFused For these reasons, w0 information that could be wsed to identify you will be included. We may ask
1o take a photograph of you during the data collection. If you consent (o a photograph. it

Comsent Fersion # or Date:
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Appendix B: KOOS

TR T P

KOOS KNEE SURVEY

Today s dats" i : Date o bitth :

Name

INSTRUCTIONS: This sureer asks for youl iew about yo.r knee This
inormation will nelp us keep treck of havi you feel shout your knee and haw
viell you are able ta perform your Usual es.

hpswer every queshion by tickrg the aporoprate bax, anly one box far each
guestion If you ate unsure abolt how to answer 3 question please give the
besl anewer you can.

Symptons
These questions should be answered thinking of your kree symatoms during
the last week
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Sliffness

The following questans concern the ameunt of ort stifness you nave
experienced during the lask week in your knee Siffness is a sensation of
restvichun or dlowness in Lhe ease with which you move your kaee joirl

e POy RUNEY

s

P

Far each of the fallowng activties plesse indicste the degree of dificulty you
Fave expenenced in the last week due 1a your knee
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What arroutt of knee pain have you expenenced fhe last week danng the
following actr ties?

ot ot K
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Mkt 2y
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Funciion, daily living

The fullswng suesliong concert your phyaical lunctan, By This we Mmean yuur
abiliry to meve arownd and o ook aRer yaurself, For each of the falkwing
aclithes please ndcate the degres of dificully yau have experianced in the
last week due ‘0 your knee,

Sheker. e fon

T e K1 el

Far eacn of the following sclivties please indicate the degree of diffculy you
Face expenenced in the last week due 1o your knee

Ala | 3 boes sulbing fhaers, el
p ¢

fryey

Funclion. sports and recrealional activities
The following questions congern your physical furction when osing active on a
tigrer level. The questiens shoulc be answered thinking of what degree of
aificulty you have experencea during e kst week due o your knee.
ST Squatting.
S i sk - i
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SPL Huiming
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Thank you very much Jar all the fons in this




Appendix C: WOMAC

The Western Ontarie and McMaster Universities Osteoarthritis Index
{(WOMAC)

Name: Date:

Instructions: Please rate the activities in each category according to the following
scale of difficulty; 0=~Nong, 1=8light 2=Moderate, 3=Very, 4=Extremely

Circle one number for each activity

Pain 1. Walking

2 Stair Climbing

3_MNocturnal

4. Rest

- = = = =

5. Weight bearing

Stiffness 1. Morning stiffness

2. Stiffness occurring later in the day

Physical Function 1. Descending stairs

. Ascending stairs

= = =

Rising fram sitting

Standing

. Walking on flat surface

. Getting in / out of car

2
3
4
5. Bending te floor
[
7
8

Going shopping

M=

Putting on socks

10. Lying in bed

11. Taking off socks

12. Rising from bed

13. Getting infout of bath

14. Sitting

15. Getting on/off toilet

16. Heavy domestic duties

foei o B [ an i [ TR [ T [ o ) [ T oo [ [ n R (o [ on T [ i [ ) [ B [ I [ R [ R B [ T o B [ B [ B [ O [ ]
LI SR ST S I G [ SR S SO (SR S B ST AR (SO (ST ST ST TG (S ST LS B C V]
AE LT [ B [V (VL (VL [ - I LI IV (I LI LR [ T [ (7R LI (LI [ [CLR [ S ()

N O O L o P N o BN B N N e B o N O O L -

= | = = == === == |= |=

17. Light domestic duties

Total Score: /98 = %

Comments / Interpretation (to be complated by therapist only):



Appendix D: Motion Capture Marker Locations

Trunk markers
T1
T2
T3
T4

Right Thigh

TMTH (Top Medial Thigh)

TLTH (Top Lateral Thigh)

BMTH (Bottom Medial Thigh)
BLTH (Bottom Lateral Thigh)
MEKN (Medial Femoral Epicondyle)
LAKN (Lateral Femoral Epicondyle)

Right shank
MTIB (Medial Tibial Epicondyle)

LTIB (Tibial Plateau)

TMSH (Top Medial Shank)
TLSH (Top Lateral Shank)
BMSH (Bottom Medial Shank)
BLSH (Bottom Lateral Shank)
MEMA (Medial Malleolus)
LAMA (Lateral Malleolus)

Right foot
PRHE (Proximal Heel)

DIHE (Distal Heel)

LAHE (Lateral Heel)
MTH1 (Metatarsal Head 1)
MTHS5 (Metatarsal Head 5)
DIFT (Distal Great Toe)

Pelvis

RASI (Right Anterior Superior lliac Spine)
LASI (Left Anterior Superior lliac Spine)
RPSI (Right Posterior Superior lliac Spine)
L5S1 (Lumbar 5/Sacrum 1)

LPSI (Left Posterior Superior Iliac Spine)

Left thigh
LTMT (Top Medial Thigh)

LTLT (Top Lateral Thigh)

LBMT (Bottom Medial Thigh)
LBLT (Bottom Lateral Thigh)
LMEK (Medial Femoral Epicondyle)
LLAK (Lateral Femoral Epicondyle)

Left shank

LMTIB (Medial Tibial Epicondyle)
LLTIB (Tibial Plateau)

LTMS (Top Medial Shank)

LTLS (Top Lateral Shank)

LBMS (Bottom Medial Shank)
LBLS (Bottom Lateral Shank)

Left foot

LPRH (Proximal Heel)
LDIH (Distal Heel)
LLAH Lateral Heel)
LMT1 (Metatarsal Head 1)
LMTS5 (Metatarsal Head 5)
LDIFT (Distal Great Toe)
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Right side view

Trunk

RSH
LSH
T1
T2
T3
T4

Rear view
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Pelvis

RICR
LICR
RPSI
LPSI
L5S1
RASI
LASI
RGTR
LGTR
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Thighs/Knees/Shanks

TMTH LTMT
TLTH LTLT
BMTH LBMT
BLTH LBLT
MEKN LMEK
LAKN LLAK
MTIB LMTIB
LTIB LLTIB
TMSH LTLS
TLSH LTMS
BMSH LBMS
BLSH LBLS

25



Ankles/Feet

Right Left
PRHE LPRH
DIHE LDIH
LAHE LLAH
MEMA LMMA
LAMA LLMA
MTH1 LMT1
MTHS5 LMTS
DIFT LDIFT
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Appendix E: Par-Q

~ 2023 PAR-Q+

2023 PAR-Q+

. Readiness Q1 " Everyone FOLLOW-UP QUESTIONS ABOUT YOUR MEDICAL CONDITION(S)
for MOST people. tell you whether it i ¥ 1
Bt o o S B Ifthe above conditionts is/are preset, answes questions 1a-1c 1100 o to question 2
GENERAL HEALTH QUESTIONS o Doyoutes vesQ woQ
Please read the 7 questions below carefully and answer each one honestly: check YES or NO. JYES| NO ™ g p: ‘
pondyiciihest), w50 w0
1) Has your dactor ever said that yau have a heart condition () @R high blaod pressure () ojo kel piyl Ry
[ » Smorths? Y0 w0
2) Do you feel L nyour chestal rest, during your daily activities of iving, OR when you do olo
physical act i
3) Do you lose balance because of dizziness OR have you last consclousness n the last 12 months? [ | /aro present, P 100 goto question 3
Flesse srzwer NO i your P ——— o
4) Have you ever been diagnased with anather chronic medical candition (other than heart disease | | O et e e
or high SELIST » oy V0 w0
5 Are you currently taking prescribed medications for a chronic medical candition? olo
PLERSE LISTCONDITIONIS) AND MEDICATIONS HERE: ES Cardior Heart Falu
)0 you cutrently have (o Fave had withn the past 12 months]  bone, Jan, or of ssue | Abnormality of Heart Rhythm
t, o that could be made worse by becqm.ng more M.ﬁny olao If the above condition(s) isfare present, answer questions 3a-3d 1100 goto question 4
act] wai bt 5 Dioyou hae o
PI.H!(U“COMMHGHS}I‘Q& 2 (»\ar:evnﬂ v=0 w0
7) Has your doctor ever said that you should only do medically supervised physical activity? Oojo b [ re s o
{0 atral AbrTation, remaiien ventrkutar contracton)
(Ed Ifyou answered NO Lo all of the questions above, you are cleared for physical actvity. 3¢ Doyou have chronic heset falre? Y50 w0
Plaasa sign the PARTICIPANT DECLARATION. You do not need to complata Pages 2and 3.
®  Start becoming much more physicsty active - start skowéy and bl up gradusily, Rl - - et vesQ o)
@ Follow Globl Pryscal Acthity uidalnes for your ags (WG vseu hant S leatians e myT7 9924501 5128)
@ You may take part 1 hesith anel ftness appesisal 4 Doyoucurently have High Blood Pressure?
P — v i o0 s
B phteminral eion ingegnd n s ey of eatce 4 Doyouhse w0 wg
(Aniwe: WO
PARTICIPANT DECLARATION W Doyouhs eter than theut medicaton”
Lm:m:ﬂmmmwug oguied fo corsan o re w . provicr st [Anier YEBH you donot inow yout tesing blocd pressure) TR vsQ w0
have read, | acknowdedge that this physical actuity
ﬂcwml!nvuldlulemll ol 15 morihs o e ot 11 corpleed ang becomes v =y conion changes [ s 1 Diabetes, Type 2 Diabetes, Pre-Diabates
BTy o o s, e g i o I no )
NAME DATE 5: 7 of othr ican-
* prescried therspies? = o 0 w0
Cmmmﬁﬁ WITHESS
)
SIGHATURE OF PARENT/GLUISADIAN/C ARE PROVIDER Doy nd sy
izsiness o gt hesacty e ot aoprs, "0 w00
[® 11 you answered YES to one or more of the questions above, COMPLETE PAGES 2 AND 3. ] = e =y
P Koy OR ?
i Dalay becoming mora active, o -
You o St problemsi? Y0 w0
S R e GRS LR I o oo pofessonsyarceccempins e * 4 = vs0 v
S b oo v S e ey B e et
Vv s 2/
o102

2023 PAR-Q+

2023 PAR-Q+

6 This includes Alshwimer’s, Darmentia,
Daprassion, Anxiety Disardar, Eating Cisarder, Psychotic Disordr, Intellectual Disability, Dewn Syndrome o """"I:ﬁ“lmﬁ m Gy
g a el 7 consulta
Oy PR oo e need
B Doyouns ity corrolingou cndton i madcavonsor s gt asQ) moQ)
S — & b et et e .
r—— w0 w0 days per week mcluding aer msscle Srengthening exerdses.
» 150 minutes or more of moderate intensity physical activity per week.
2. dades Chonic O Disaase, Asthwna, &
ot ek e e @ 1fyou are over the age of 45 v and NOT oiear y
If the: abowe condition(s) isfare present, answer questions 7a-7d ] 10 10 question §
n eyt Qs @ ' you answiered YES t one or more of the follow-up questions about your medical condition:
{Anciver M T yau are nar cumentl taking medications or ather treatments vesQ) nog active
o, b i i visitaq theough g
supplamental xygen thrapy? vesO o] !
asthmat {2
T e i e e wheina. s o] & Delay becoming more active i
7 " nporary 53 ch ol or fever; it is best to
o o your g s wo)
You are pregnant 3 P . your physician, a qualif P
8 This includes e Pl B active,
If the above conditionis) hfimumnmwywahmh-ﬂ( 10 goto question 3 ) Your y g with hy "l
8. Doyoukave i i activity program.
b S Yo, e BT e wesEmea ™0 kD
- - the PAR-Q+. You must u
i i s wo) @ The suthors,the PAR-Q'+ Collaborat
and/or make use of the PAR-Q+ or ePARmd X+.If in doubt aﬁr«mmlmg the qupﬂmnm
B Mgty ves0) woC] ‘Consutyour Goctor prior to physical SV

. ic Atack T or C
1Fthe abowe conditianis) is/are present, anserer questians Sa-tc

@1 you are less than the legal age required for consent of require the assent of a care provides, your parent, guardian or care

s t e o aaamantaf s W] provider must also sign this form.
G Doyau have ary mparment in wlking o b 1y es0) w0 4 the ur have read, odto fon snd con el
£ Have you experienced 8 stroke i et in nerwes of musd the past 6 months? wes(J no[J Invalid If 1 ak may retain a copy of this
form for records. in licabe law.
10,
F you have cther madical conditions, answer questians 10a-10c 1#NO (] mad the Page 4 recommendations NAME DATE
s Have you experienced a black et areat ot 5212 Q) woQ) SONATURE THESS.
6 Dayoshaves i ws0 well ]
T0e. D you carmenty I wih fwa o more medical orlitans? =0 woDl
Ema: aparmeduegmailcom i O Conab . W 2 b o et b e bl

GO to Page 4 for recommendations about your current
medical condition(s) and sign the PARTICIPANT DECLARATION.
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