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Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune disease with a prevalence of 0.5-1%
in North American and European countries'-? and affects females 2-3 times more often than
males.? It is characterized by symmetrical inflammation and polyarthralgia of large and small
joints secondary to disease processes targeting the synovial membrane, articular cartilage and
surrounding bone.>~ RA commonly presents in joints of the hands and feet, but may also affect
the ankle, knee, elbow and shoulder.! The exact cause of RA is unknown. However, RA is
theorized to be a combination of genetic and environment factors. In RA, there is an activation of
the immune system and creation of an autoimmune response which leads to the synovial
membrane being infiltrated with immune cells. This leads to a pro-inflammatory response and an
eventual growth of the synovial lining called the “pannus.” This inflammatory response can lead
to osteoclast and chondrocyte activation causing catabolism of surrounding cartilage and
subchondral bone.? Even though the treatment of RA with methotrexate has been around for 50
years, the dosage and development of other disease-modifying antirheumatic drugs (DMARDs)
has vastly advanced over the years.? This has led to continual updates of the American College
of Rheumatology guidelines for treatment and medical management of RA in the last decade.®’
With the addition of targeted synthetic and biologic classes of DMARDs, the options for
treatment strategies has expanded.®® Early disease recognition has also been of focus in recent
years.>’ This has successfully led to a reduction of joint damage in 90% of patients living with
RA, and has born the treat-to-target approach with the goal of reaching 50% reduction in disease
activity by 3 months and low disease activity or remission by 6 months.?

Historically, exercise has been viewed as detrimental to joint surfaces and has been
avoided for fear of worsening RA symptoms.® In fact, complete bed rest used to be considered as
a possibility for treatment,’ and isometric exercises and mobilization exercises were prescribed
cautiously.!? Today, high-intensity exercise in patients living with RA is still questioned by some
healthcare provides,'! even though it has been demonstrated as safe.!>"'* The changing landscape
of medical management has most likely improved the ability for those living with RA to
exercise, as low disease activity is a possible outcome.?

Exercise in those living with RA should be thought of as crucial to the health of the
patient. RA can lead to significant deconditioning secondary to increased pain, fatigue and fear
of accelerating joint damage or diseases processes. In turn, this leads to decreased quality of life,
social engagement, work capacity and functional ability.* Fear of exercise and decreased
physical activity can lead to further deconditioning '* and contribute to increased risk of
cardiovascular disease (CVD) along with rising healthcare cost.>!4 Exercise has shown positive
outcomes for quality of life® without increasing disease activity,'>!3:1571 yet only 13.8% of RA
patients meet recommended levels of physical activity.!* Physical symptoms are commonly
blamed as a main barrier, but lack of advice from medical providers and rheumatology
healthcare teams are also influential.!*



Aerobic and resistance based exercises have long shown to be beneficial for improving
health outcomes of RA patients.!*!1213:16-19 Unfortunately, exercise is underutilized in treatment.
Although there is evidence for safety of exercise in well managed patients, there is still little
structured guidance on implementation.'*?° The European League Against Rheumatism
(EULAR) has set basic recommendations for patients living with RA such that safe and feasible
physical activity and exercise routines should include components of muscular strength,
cardiorespiratory fitness, neuromotor performance and flexibility.?! Furthermore, the most
valuable exercise program for a patient is one of consistency, and for some, running might
represent a great option as it combines elements of aerobic fitness, single limb strength and
neuromuscular performance demands with repeated efforts.

Running is one of the most common physical activities globally, consistently ranking in
the top 3 sport and leisure time activities.?? Some individuals with RA may have participated in
running prior to diagnosis and have interest in returning to it. Others may have interest in
beginning a running program. However, there is little evidence to guide clinicians working with
adults with RA wanting to resume or introduce running safely. In the absence of evidence,
clinicians may look towards other conditions affecting joints, such as anterior cruciate ligament
repair,?>?* hip arthroscopy,? or patellofemoral pain,?¢ to guide the gradual progression in return
to running activities. Adults with osteoarthritis (OA) may present with similar limitations in
strength, range of motion, pain and functional abilities as adults with RA, despite different
etiologies.?”?® Therefore, OA running research analyzing effects on joint health?** may
theoretically be used to strengthen confidence in providing guidance about running for
individuals with RA. Therefore, the purpose of this narrative review is to present an evidence-
informed approach to incorporating running for adults with RA. We will (1) synthesize the
evidence regarding safety and benefits of exercise in adults with RA, (2) review current evidence
related to safety in running in OA populations, and (3) review clinical considerations when
guiding running in adults with RA.

Exercise and Rheumatoid Arthritis

Exercise for adults living with RA has proven to be safe,'!>!3:16.17:34 which has led to the
EULAR to encourage the use of exercise and increases in physical activity as a cornerstone of
treatment.?!' In general, acrobic exercise has shown to decrease inflammation'* and lead to
improvements in multiple cardiovascular risk factors?!:* while increasing aerobic capacity.* For
those diagnosed with RA, these changes are beneficial to combat the increased CVD risk from
disease processes.>>!*3¢ In addition, high-intensity exercise leads to reductions in joint
swelling!? with trends in decreased pain also noted.'®!737 As for resistance training, it has shown
to reduce prevalence of cachectic states!* which is a common condition related to RA.!'*
Furthermore, while it has shown little effect on reducing running related injuries,** it has
demonstrated improvements in running performance®®#! which provides reason for its pursuit.
Exercise’s positive effects on pain, physical function and fatigue are important findings as these
are commonly listed as barriers to exercise for those living with RA, 1420

Aerobic, resistive or a combination of both types of exercise has shown to be beneficial
for those patients diagnosed with RA 341217 In general, regular performance of an exercise
routine does not require alteration to medication regimens®**!'%!7 nor does it lead to evidence of
worsening disease activity.!*121316-19 Although the mode of exercise, frequency, duration and
intensity varies among studies, exercise consistently leads to no significant difference in rates of
joint damage,'® especially when previous joint impairment is limited or non-existent.** Increases




in exercise or physical activity results in improvements in function,'?!3:16-18:3442 gerobic

capacity,b!1%18:34 fatigue,** muscular strength,'?!617-37 and quality of life.!” Nevertheless, there
are some circumstances in which exercise safety should be considered.

As stated, the majority of evidence indicates that exercise is safe for those diagnosed with
RA.L1213.1617.34 However, for some individuals, a risk for further joint damage with exercise
must be considered. For instance, adults with RA and existing joint damage demonstrated a 4-
40% risk for developing further joint damage after 2-years of participation in 75 minute high-
intensity exercise sessions twice per week.*? In joints with limited or no joint damage, those who
exercised were not at higher risk for joint damage across most major joints.*? This highlights the
importance of early diagnosis and treatment for those living with RA to prevent joint structure
changes before they occur.

In regard to running, since there is a lack of literature in populations living with RA,
other conditions can be used as a template. In those with existing OA, recreational running does
not lead to worsening OA.* However, other conditions may. A history of joint injury, such as
anterior cruciate ligament or meniscal tears, may lead to worsening knee lesions or OA 314
Because of this, when considering running for patients diagnosed with RA, the patient’s and
provider’s knowledge of previous joint health, extent of any joint damage and history of joint
injuries should be considered when discussing exercise prescriptions and progressions.

Beyond history of joint injuries, items, such as patient age, disease duration, level of
disease activity, prior physical capacity and functional ability are not associated with increased
risk of joint damage. Therefore, these could be less of a barrier or concern when beginning a
running program. Only greater baseline joint damage has been linked with worsening joint
surfaces in those with RA.** This again highlights the need for early disease detection and
medical treatment. In discussing exercise with a patient’s healthcare team, the amount of joint
change needs to be considered. Even in joints with previous damage, the lower extremity
demonstrates a limited increase in relative risk of further joint changes. However, there are
exceptions. When exposed to exercise, the subtalar joints demonstrate a 10-fold (95% CI: 1.3,
79) increase in risk ratio as compared to usual care.*? In the realm of running, joint surfaces in
the foot and ankle may be of greater concern for patients and healthcare providers during
progression of a running program than those areas of the hip or knee. Thus, there is a need to
thoroughly assess a patient’s key problem areas. Nonetheless, worsening joint damage should not
necessarily scare patients or providers away from running or exercise, as there are vast systemic
and functional benefits to exercise.

Aerobic exercise results in reduced inflammation via decreased expression of
inflammatory markers, such as tumor necrosis factor alpha and interleukin-1, and it reduces
overall inflammation due to upturns in anti-inflammatory cytokines.'* Further improvements can
occur via reductions in adipose tissue leading to decreased overexpression of inflammatory
markers.'* These positive changes may lead to improved lipid profiles, blood pressure and
micro- and macrovascular function.® Reduced systemic inflammation and improved vascular
function can be beneficial for decreasing risk of co-morbidities and severity of disease processes
in RA. As mentioned previously, CVD risk is elevated in those living with RA. In considering
dose of exercise for cardiovascular improvements, there is greater evidence in populations
without RA. In those populations, any amount of exercise leads to a reduction in cardiovascular
risk. However, improvements in maximal oxygen uptake, body composition, total cholesterol
and triglyceride profile are seen with a minimum of 30 minutes of running at least 3 times per
week.* This knowledge can be used when building an exercise program for those living with



RA. If disease activity is low, allowing for safe performance of aerobic exercise for
cardiovascular improvements would be beneficial.

Beyond cardiovascular benefits, a meta-analysis by Hu et al reported that aerobic
exercise positively altered reports of fatigue,* and when resistance training is added,
improvements in quality of life, pain, aerobic capacity and physical function are seen without
increases in disease activity.!* Positive effects are not limited to acute exercise interventions. In
a 2-year program examining bi-weekly, high-intensity exercise involving a range of resistance,
low impact and high impact activities, Jong et al reported no difference in use of medications,
disease activity, or radiological joint damage in comparison to controls. Similar to other studies,
exercise groups noted significant improvements in functional abilities and aerobic fitness. By
comparison, usual care groups witnessed a decline during the same time period.* This again
emphasizes the necessity of exercise to improve aerobic capacity and reduce risk of CVD.

Of specific importance to those living with RA is the knowledge that anywhere from 8-
67% of patients suffer from cachexia secondary to disease processes.'* Historically, there has
been the view that aerobic exercise is detrimental to muscle hypertrophy. However, evidence in
recent years has shown that aerobic exercise can lead to muscle hypertrophy, decreased protein
catabolism and improved mitochondrial function in populations which are not living with RA 46
This would indicate running may be a beneficial tool to improve muscle hypertrophy and
decrease cachexia. Aerobic training in healthy adults does not appear to compromise
improvements in muscle hypertrophy or strength when performed with resistance training.*” To
combat common rheumatoid cachexia, Lemmey et al demonstrated that a twice per week
progressive resistance training routine promoted positive body composition changes in lean and
fat mass that led to a dramatic reduction in those listed as cachectic or cachectic-obese versus
control groups.'® Therefore, perhaps resistance training should be considered for patients with
RA that are wishing to pursue running for its ability to further promote muscle hypertrophy and
benefit long-term well-being.

Osteoarthritis and Running

Running is a popular form of exercise?? which is associated with dramatic effects on
reducing all-cause and cardiovascular mortality ranging from 27-30% and 30-45%
respectively.*®* Again, this is critical in light of the elevated risk of CVD in those living with
RA'3- and may provide an avenue to reduce risk. While exercise for individuals living with RA
is beneficial,!+!213:16-19 the primary modes of aerobic or high-intensity interventions used in
research investigations were not running and consisted of cycling, walking, swimming or
resistive weightbearing exercise,!%16-19-3437.50 The Jack of studies investigating running for adults
with RA may reflect a historical belief that high-impact or plyometric exercise would be
detrimental to joint health. Yet, anecdotally, we know that some adults with RA run,
competitively and recreationally. In this section, we will review the evidence for the safety and
efficacy for running in a population with similar concerns for joint health, adults with
osteoarthritis (OA).

Running is a safe mode of recreational exercise and does not increase risk of developing
knee or hip OA.3'* Moreover, running does not compromise the health of joints with existing
OA.* In fact, running may be beneficial for joint health. When investigating the internal changes
to cartilage volume, cartilage thickness and biomarkers to analyze risk of OA development, it has
been found that these areas demonstrate mild or no change.*? In the event of slight alterations in
biomarkers, these return to baseline levels within 1-2 hours after running, even when increasing




running duration to >30 minutes.*> Any changes in cartilage structure are usually only seen
immediately after exercise. There is no significant evidence of change at 1 day, week or month
time points after termination of running. This means that any changes seen within cartilage of the
lower extremity are likely related to the normal fluid exchange allowing for interchange of
synovial fluid and maintained cartilage health.’® This healthy exchange of fluid and nutrients
could be why recreational runners have lower prevalence of hip and knee OA (3.5% (95% CI:
3.4%, 3.6%)) compared to sedentary non-runners (10.2% (95% CI: 9.9%, 10.6%))** and why
recreational runners have a deceased likelihood of undergoing knee surgery due to OA.»

Exercises that may contribute to OA development or progression include elite level
running?®>° and sports that involve high loads in conjunction with high volumes of cutting,
jumping, pivoting, uneven terrain or unexpected perturbations.’! In elite level running, intensity
and volume of running are considerably higher than recreational running,*’ and may result in
loads that exceed tissue capacity.?*3%4 Elite participation is also associated with greater injury
risk, which increases risk of OA as discussed earlier.?’ Muscular fatigue and weakness has also
been considered as a risk factor for joint injury as worsening proprioceptive responses and
protective mechanisms may result in increased risk of injury.?>3%45 Although there exists
predisposing factors that may lead to joint injury,® it would appear that running does not in itself
cause damage to cartilage or the overall joint.

Determining Running Readiness, Symptom Monitoring and
Exercise Prescription

Before you start

For any individual, beginning an exercise program can be an intimidating task. Any
comorbidities can complicate the process of determining appropriate initiation periods, ability to
progress and symptom management. When treating an individual living with RA, we must meet
the patient where they are presently, both physically and mentally. In considering running as a
mode of exercise, disease activity, symptoms, the joints primarily effected and current level of
fitness should be considered before moving forward. For most exercise programs, low disease
activity in individuals with RA should be a prerequisite. If the individual has inflamed joints and
high disease activity, lower level treatment methods, such as low intensity cycling, walking,
range of motion exercises or swimming'>!¢ should be considered to improve fitness and allow
time for RA symptoms to decrease. In addition, communication with the patient’s rheumatologist
should occur in order to determine low disease activity and safety. To assess disease activity
clinically, physicians may use measures such as the clinical disease activity index (CDAI) or
simplified disease activity index.? The simplified disease activity index score itself can be used
to document low disease activity or remission. In addition, there are other blood sample
measures that may be used to assess disease activity which are not included in the scope of
practice of specific clinicians, such as physical therapists.’!>> Once lower disease activity has
been achieved, progression towards lower impact aerobic exercise and resistance training
typically seen in RA research may be pursued prior to engaging in running to allow for an
adaptation period and improvements in aerobic capacity.!*!213.16-19 This author would suggest
this to build baseline aerobic fitness with the goal of being able to walk for 30 minutes
continuously 3 times per week without discomfort before initiating a running program.>*

Symptom Tracking and Management




While progressing walking volume, assessment of comfort, disease activity and signs of
necessary regression should be monitored. Similar strategies can be used throughout a running
program, and these monitoring habits should occur while progressing in intensity, duration,
volume or other exercise parameters.

In order for healthcare professionals, such as physical therapists, to track disease activity
during the addition of exercise, measures recommended by the American College of
Rheumatology (ACR) could be used. The Patient Activity Scale-II (PAS-II) and the Routine
Assessment of Patient Index Data 3 (RAPID3) are 2 of the 5 measures recommended by the
ACR.> The PAS-II is a combination of the Health Assessment Questionnaire-II, a 10 cm Visual
Analog Scale for pain and the Patient Global Assessment,** and the ACR provides a PAS-II form
and calculator for disease activity on their website.>® This makes for easy application and use in
clinic. As for the RAPID3, it has shown high correlation with other measures that are commonly
used to detect disease activity in patients living with RA.3® A minimal detectable change has
been calculated for the RAPID3 as 1.48 points, or 14%, change.>” However, some studies have
reported that the RAPID3 does not always correlate as well with objective disease activity
outcome measures as it does subjective.’® Therefore, other objective measures, such as a joint
count found in the CDAI or measures of effusion, could be used to boost clinician confidence.
During follow-up appointments with clinicians, other measures, such as the Foot and Ankle
Disability Index for function®® or the IKDC subject knee form?* to assess the patients function
during introduction of running may be used to analyze success of the program in relation to daily
life. As always, if the patient has any concerns throughout the process, they should immediately
contact their guiding clinician and/or healthcare team.

A combination of methods used in RA and exercise research and other lower extremity
conditions have been formed for symptom monitoring and tracking.(Table 1) Measures such as
visual analog scale (VAS) pain ratings,!6!7-?460 changes in joint range of motion®® and joint
effusion®*%° may be implemented for comfort and safety. Figure-of-8 measurements may be used
for ankle swelling,*® and although girth measurements for knee effusion have been used,?* they
may be less reliable when self-administered by the patient. For self-administered tests, the
modified stroke test used in anterior cruciate ligament reconstruction (ACLR)?} may be a
suitable alternative for effusion or the implementation of a full crouch by the patient to
subjectively assess new stiffness or decreases in range of motion (ROM). Other measure such as
soreness rules used in ACLR?*%! and pain ratings should be used to determine if the patient is
ready for progression both during and after running exercise.?*? (Table 2)

Preferably, no pain would be present during activity, however, it is likely safe to follow
pain ratings used in ACLR and patellofemoral pain research during return to running discussed
later.>*2 If pain ratings and soreness criteria are not met during early stages in building aerobic
fitness and walking duration, the patient should monitor symptoms and swelling the following
day. If swelling or pain is not noted, the patient may repeat the same workout. If swelling and
pain is present, the patient should rest for 1-2 days and regress in the intensity, volume or both.?*

(Table 1) Symptom Tracking
Sign/Symptom/Reasoning Test/Measure
Suspected increased disease activity Patient Activity Scale-II (PAS-II)*?
Suspected increased disease activity RAPID33%3%:%7
Pain rating Visual Analog Scale for pain
Ankle edema Figure of 8
Knee effusion Modified Stroke Test (Sweep Test)




Pain/soreness and ability to progress activity ACLR Soreness Rules
Limb edema Girth Measurements
Subjective joint swelling/restriction Full Crouch

Additional Clinical Tests
Functional limitations in relation to disease activity McMaster Toronto Arthritis Patient Preference

Disability Questionnaire (MACTAR)**

Self-assessed functional capacity Health Assessment Questionaire!®!”
Functional abilities in relation to pain Self-reported Foot and Ankle Score®?
Functional limitations in relation to lower extremity Rheumatoid Arthritis Outcome Score (RAOS)%
symptoms/impairments
Functional abilities Foot and Ankle Disability Index
Functional abilities IKDC Questionnaire

Walk-Run Program Design

For those patients living with RA that are looking to initiate a running program, valuable
education can be provided in appropriate program design and progression. The optimal dose for
reducing cardiovascular risk is in accordance with the American College of Sport Medicine’s
recommendation of 75 min of vigorous activity or 150 minutes of moderate level activity per
week.%* Therefore, a running program can be developed to help reach this goal in the future.
Since evidence for safe progression of a running program does not currently exist in RA
populations, clinicians may look towards other return to running programs status post lower
extremity surgeries or injuries that are aimed at gradually increasing exercise intensity and
volume while monitoring symptoms to minimize negative outcomes.

Of crucial importance is a gradual introduction of aerobic weightbearing exercise. During
early stages of a walking or running program, instructions should be provided to avoid running
on inclines or declines and to run on softer surfaces to reduce impact loads.?> Once pain-free
walking can be performed, incorporation of a walk-run progression with the participant
performing 5 minutes of walking as a warm-up and cooldown can begin.?* Intervals of 1 minute
of walking followed by 1 minute of running at a self-selected, comfortable pace can be used. A
gradual progression of increasing running volume by a combination of longer interval duration
and an increasing number of repetitions can be employed to accomplish the long-term goal of 30
minutes of continuous running.?’(Table 3)

How to Monitor Symptoms During a Walk-Run Program

Symptom monitoring for safe exercise progression discussed earlier should be used during the
progression of the walk-run program.(Table 1) Similar to before, preferably, no pain would be
present during activity. However, setbacks may occur and pain ratings discussed earlier could be
used.(Table 2) If pain ratings and soreness criteria are not met, the patient should monitor
symptoms and swelling the following day. If swelling or pain is not noted, the patient may repeat
the same workout. If swelling and pain is present, the patient should rest for 1-2 days and regress

to the previous days workout.?*
(Table 2) Daily Running Safety assessment Action suggestions

Pain Rating?*2¢ 2 out of 10 pain (2/10) or less If greater, discontinue exercise

during running that day, take 2 days off and
regress 1 workout

Pain Duration?*?¢ Should be absent or returned to If does not return to baseline,
baseline within 1 hour after take 2 days off and repeat same
running workout




Soreness Rules?

continues

Soreness after warm-up that

Take 2 days off and regress
one day

away

Soreness during warm-up that goes

Repeat same run next workout

Soreness during warm-up that goes
away but returns during session

Take 2 days off and regress
one day

No soreness

Continue with program

(Table 2) Example Walk-Run Program

Total Weekly Running
Time

Total Weekly Time
(includes Day 3)

Week 1

Day 1: (1 min walking/1 min running) x3-4
Day 2: (1 min walking/1 min running) x3-4
Day 3: Rest day/30 min walking

Day 4: (1 min walking/1 min running) x4-5
Day 5: (1 min walking/1 min running) x4-5

14-18minutes

58-66 minutes

Week 2

Day 1: (1 min walking/1 min running) x5
Day 2: (1 min walking/1 min running) x6
Day 3: Rest day/30 min walking

Day 4: (1 min walking/2 min running) x3
Day 5: (1 min walking/2 min running) x3-4

23-25 minutes

70-73 minutes

Week 3

Day 1: (1 min walking/2 min running) x3-4
Day 2: (1 min walking/2 min running) x4
Day 3: Rest day/30 min walking

Day 4: (1 min walking/2 min running) x4-5
Day 5: (1 min walking/2 min running) x5

32-36 minutes

78-84 minutes

Week 4

Day 1: (1 min walking/3 min running) x3-4
Day 2: (1 min walking/3 min running) x4
Day 3: Rest day/30 min walking

Day 4: (1 min walking/3 min running) x4-5
Day 5: (1 min walking/3 min running) x5

48-54 minutes

94-102 minutes

Week 5

Day 1: (1 min walking/4 min running) x4
Day 2: (1 min walking/4 min running) x4-5
Day 3: Rest day/30 min walking

Day 4: (1 min walking/4 min running) x5
Day 5: (1 min walking/5 min running) x4

72-76 minutes

119-129 minutes

Week 6

Day 1: (1 min walking/5 min running) x5
Day 2: (1 min walking/6 min running) x4-5
Day 3: Rest day/30 min walking

Day 4: (1 min walking/6 min running) x5
Day 5: (1 min walking/7 min running) x4

107-113 minutes

155-162 minutes

Week 7

Day 1: (1 min walking/7 min running) x4
Day 2: (1 min walking/9 min running) x3
Day 3: Rest day/30 min walking

Day 4: (1 min walking/9 min running) x3
Day 5: (1 min walking/10 min running) x3

112minutes

155 minutes

Week 8

Day 1: (1 min walking/15 min running) + (1
min walking/10 min running) + (1 min
walking/5 min running)

Day 2: (1 min walking/20 min running) + (1
min walking/10 min running)

Day 3: Rest day/30 min walking

Day 4: (25 min running) x1

Day 5: (30 min running) x1

115 minutes

150 minutes

-Begin and end each workout with a 5 minute warm-up and cooldown of walking




-Workouts/Days are meant to be performed in order. Additional 30 minute walk days may be performed between
run days or other days of the week. Minimum of 4 run days should be completed each week to allow for
adaptation and progression unless injury or concerns arise.

Biomechanical strategies to manage loading in running

When beginning a running program, determining what alterations a patient may need to
make in running technique may be pursued based on clinical presentation and joints affected. For
instance, one may alter cadence,®~"" use ‘run softer’ cueing,’'~’* change foot strike patterns,’*"
trunk flexion®*8! or even footwear®”®’ to decrease forces felt at the joints of the foot, ankle or
knee. Although, trunk flexion has been proposed as a treatment method of patellofemoral pain,
it results in an increase distance of center of mass to center of pressure on initial contact and
increases rates of loading, peak braking forces and impact transients which have been linked
with amplified risk of injury.®! Therefore, this training method is not recommended by this
author and will not be covered in this review. As for strength training*$*!%¢ and neuromuscular
control®” programs, these have been implemented to decrease running related overuse injuries
with varying and limited success. Therefore, the main areas that will be of focus during the
remainder of this review will be: impact forces and loading rates, cadence alterations, ‘run softer’
gait training, foot strike patterns and shoe wear for their feasibility, ease of implementation and
evidence of load management.

Impact Forces and L.oading Rates

Determining strategies to reduce running related injuries (RRI) is difficult. Many
commonly thought prevention strategies, such as strength training or impact load reduction, have
not shown to prevent running related injuries.*¥#%# Other variables, such as cadence, stride
length or ground contact time, have not been found to be significantly different between those
with or without a history of RRI.3” What occurs more often is the targeting of biomechanical
factors related to running once an injury arises. Impact forces and loading rates are commonly 2
of these variables.

Impact forces during exercise are often proposed as a risk in the development of OA.
However, when comparing low impact cycling to higher impact running there have been
discrepencies.”®! Greater impact peak forces and loading rates are associated with some running
related injuries.”? Interventions to reduce loading rates and impact forces have been targeted to
diminish injury severity and frequency when analyzing runners.”!’> However, others have
suggested that these impact related variables may not be the cause of RRI1.%%3 In a systematic
review, Ceyssens et al noted inconsistent and moderate level evidence that average or
instantaneous loading rate have no significant effect of RRI development. They also found there
is strong evidence that vertical impact peaks are not associated with RR1.%® Similar results have
been found in another meta-analysis which reported no significant difference in vertical impact
peak when comparing injured versus uninjured runners prospectively. In addition, the authors
reported conflicting evidence for influence of vertical impact peak, average loading rates or
instantaneous loading rates in the development of RRI1.%* Thus, these variables may not be key as
preventative measures. Nonetheless, if a patient begins to present with a RRI or increased joint
swelling, impact variables may be targeted as a treatment procedure. The implementation of
increased cadence or ‘run softer’ in the following sections are areas that should be considered.




Running Cadence

Increasing running cadence is an intervention that ought to be attempted first to reduce
loading rates and impact forces. It is relatively easy to apply and alters loading rates and impact
forces with minimal resources needed.®~’° Running cadence is defined as a step rate most often
written as a steps/minute. For a step, it is the time from when the right foot strikes the ground
until the left foot strikes the ground or vice versa. Therefore, we are counting each individual
ground strike. For example, if a runner has a cadence of 160 steps/min, this means the left foot
made contact with the ground 80 times and the right foot made contact 80 times. Gait retraining
to increase cadence by 5-10% can decrease impact peak, vertical average loading rate, vertical
instantaneous loading rate,%%%%* decrease eccentric knee joint work,** peak knee flexion,’
vertical oscillations and ground contact time. In essence, increasing running cadence reduces
peak loads at all joints of the lower extremity during ground contact. Furthermore, increased
running cadence may reduce excessive contralateral hip drop or increased hip adduction that may
be seen by some as a running impairment.®®** This can be accomplished without the need of
complicated neuromuscular interventions. In several studies, increased running cadence is
associated with improvements in patellofemoral pain® and decreased pain reports during
running®? during 4 and 12 week follow-ups respectively.

How to increase cadence

Cadence alterations are frequently accomplished both in and out of clinic. In the clinic, running
cadence alterations can be introduced by use of a treadmill. Participants will simply be asked to
run at a comfortable and preferred speed for 5 minutes. During this time period, the clinician
may either count the number of foot strikes over the course of a minute or match the patients
pace to a metronome to determine step rate.%® After this is determined, the clinician would
calculate a step rate that is 7.5-10% greater than the preferred cadence without altering treadmill
speed.®-9%%4 For instance, if the patient’s original step rate was 155 steps per min and treadmill
speed was 6 mph, the goal during retraining would be to increase to ~166-171 steps per minute
with the treadmill speed at 6 mph. The clinician may set a metronome for 170 steps per minute
and ask the patient to match their cadence to the new step rate.%® This metronome feedback could
be performed continuously for 5-10 minutes. After this point, feedback would be removed and
only reintroduced during the next 5-10 minutes as needed if the clinician feels the step rate is
faltering. Out of the clinic, patients can continue implementing alterations by use of a metronome
application on a smartphone or by use of a smart watch that tracks step rate.5%%*

‘Run Softer’ Gait Training

In conjunction with increasing cadence, cues to “run softer” can decrease the force that
occurs during ground contact. Gait retraining aimed at running softer has shown to decrease
tibial peak positive acceleration almost immediately within a session.”? Higher tibial peak
positive acceleration during impact has been found in runners that suffer from stress fractures’?
indicating that reduction may lead to decreased RRI. Longer ‘run softer’ retraining of 8 sessions
with guidance on self-maintenance techniques has led to maintained reductions in vertical
instantaneous loading rate, vertical average loading rate and peak vertical impact at 2 weeks and
12 months.”"7? ‘Run softer’ cues decreased RRI by 62% in novice runners completing an
average weekly volume of >8km with no history of injury in the previous 6 months.”! Although
some studies relied on accelerometers for data collection and biofeedback,’!-”? the same results
have been achieved with the use of verbal cues from experienced clinicians alone.”® Furthermore,




verbal cueing has frequently been used in conjunction with other feedback measures, such as
mirrors, to address other running form alterations with success.?’

How to improve ability to ‘run softer’

In order to train the ability to ‘run softer’ in clinic, the patient would run on a treadmill at a self-
selected comfortable pace for a warm-up of 5-10 minutes. After, the clinician would provide the
patient verbal cues to “run softer” or “make your foot strikes quieter” based on subjective
observation. For 10 minutes, the clinician would provide feedback every 30-60 second based on
the performance within that time period.”® The patient would then try to maintain this running
pattern for an additional 5-10 minutes with verbal cues only provided if the patient significantly
deviates.

Foot strike

Other options to reduce impact force or loading rates would be transitioning to a forefoot
strike (FFS) pattern during running. Some studies argue that a FFS running pattern leads to an
increased cadence naturally; however, the evidence for this conflicting.”*7677 While FFS has
been shown to produce lower vertical average loading rate and vertical instantaneous loading
rate,’*7% and ground reaction forces’*7%7 as compared to a rearfoot strike, a systematic review
and meta-analysis by Anderson et al noted that there is limited evidence that a transition to a FFS
pattern leads to significant decreases in vertical average loading rate, peak vertical impact or
peak vertical loading rate.”” More importantly, transitioning to a FFS will lead to decreased
demands of the knee and increase the stress around the foot and ankle.”>’”-”® Shifting loads to the
ankle and foot may result in new injury, such as metatarsal stress fractures, foot pain or Achilles
tendon injuries.” In altering foot strike, clinicians should consider the joints and areas of the
body that are the most problematic for the patient. If a person living with RA primarily reports
impairments at the knee, then an FFS may be an option if cadence increases or ‘run softer’
techniques cannot be accomplished. However, altering foot strike patterns should be gradual and
approached carefully.

How to switch to forefoot strike

In order to prepare a patient for the process of altering from a rearfoot strike to FFS, clinicians
may wish to use a strengthening protocol prior to the transition to prepare musculature of the feet
and lower extremities. Clinicians may consider double leg or single leg heel raises, toe spreading
or towel curl exercises for multiple sets of 10-20 repetitions. For a more in depth protocol, refer
to the supplementary material used by Futrell et al.”® In transitioning to a FFS, a more minimally
cushioned shoe is frequently used to decreased risk of excessive supination on initial contact.”®
In transitioning to a FFS, patients are simply asked to strike the ground with their forefoot. The
success of this can be visually confirmed by the clinician.”® The use of tibial accelerometers have
been used in research to audibly and visual indicate when a FFS pattern is achieved based on
impact.”® However, in clinic, verbal cues to “strike the ground with the ball of your foot” may be
used. The addition of a mirror in front of a treadmill may also assist patients in visually being
able to see their own corrections and running form.”

Shoe wear
Although there may be some biomechanical alterations between shoes, patient preference
and comfort based on their symptoms should be the main deciding factors. There are 3 main



types of shoe wear that can be considered when beginning a running program: minimalist,
traditional and maximal. Minimalist shoe wear tends to alter foot strike patterns and yields a FFS
which will result in similar outcomes listed earlier with greater loads at the metatarsophalangeal
joints and ankle.®* If a FFS is not adopted, minimalist footwear results in increased vertical
average loading rate.®> However, runners tend to alter their biomechanics by landing in a more
plantarflexed position®’ leading to an anterior center of pressure on the foot and likely reducing
internal knee extensor moments and tibiofemoral loading.®* Thus, the location of our patients
symptoms in relation to joints within the body would dictate the foot strike style used.

If traditional, maximal and minimal running shoes all demonstrate a 4mm heel-to-toe
drop, peak eversion ends up being greatest in minimal and maximal cushioned shoes. As for
dorsiflexion, traditional and maximal cushioned running shoes increase dorsiflexion at initial
contact. However, minimal shoes demonstrate greater dorsiflexion excursion, and the second
largest peak dorsiflexion. If a patient presents with dorsiflexion and eversion limitation,
maximally or minimally cushioned shoes may be inappropriate.®> Although heel-to-toe drop may
alter biomechanics, such as greater knee adduction, excursion and flexion at midstance with
higher drop categories,®* there are no significant differences in RRI between 0 mm, 6 mm and 10
mm drop shoes.?*%* Outside of injuries, patient range of motion limitations should be considered
since an 11mm heel lift has been shown to reduce peak ankle dorsiflexion during running by
20%.%7

How to select a running shoe

The primary purpose of a running shoe should be based around comfort. Selecting a shoe based
on personal comfort alone can provide an injury risk reduction of >50%.°’ Selecting a running
shoes based on plantar shape, arch height or other factors has not consistently shown to reduce
the risk of running related injury.”’~>° With that said, a patient’s ankle range of motion, foot
structure and injury history should be assessed prior to shoe selection as heel-to-toe drops may
effect dorsiflexion range of motion®” and guidance can be given towards shoes that may be more
comfortable based of toe box shape.

Discussion

Individuals living with low disease activity rheumatoid arthritis can safely perform
resistive and aerobic exercise at low or high intensities without evidence of change in disease
activity!*1213.16-19 or medication usage.>*!>!7 In fact, consistent exercise routines are beneficial
to those living with RA as they have shown to reduce joint swelling,'? improve aerobic
capacity'?!834 and quality of life.!” Furthermore, aerobic exercise leads to decreased expression
of inflammatory markers,'* blood pressure, improved lipid profiles and vascular function®
leading to a reduced risk of cardiovascular disease, which is a known complication of RA.>!#
Running is a widely popular form of exercise globally*? with many cardiovascular benefits**+°
that could reduce CVD risk in those with RA.

Overall, recreational running is a safe mode of exercise, and does not cause or lead to
worsening joint destruction on its own.** However, much research is still needed, as there are
currently no published randomized control trials in relation to running and RA which makes
clinical application and development of accurate running volume or intensity for exercise
prescriptions difficult, as these are currently lacking.?*3%* Future research should not only
examine the safety of running with RA, but it should also analyze the effects of running volume,
frequency and intensity that is deficient in other running research of those living without RA.




In the meantime, a slow and progressive running program under the guidance of a
clinician may be pursued. Similar to return to running after knee surgical procedures, programs
aimed at protecting joint structures during early phases of soft tissue or graft healing can likely
guide clinical reasoning. Attention should be given to the need of progression or regression of
exercises as it relates to signs of increased stress, such as pain ratings,'%!7-2460 changes in joint
range of motion® and joint effusion.>*® In addition to gradual progression of activity with
symptom monitoring, gait modifications through cadence alteration and ‘run softer’ cueing can
be incorporated to improve the comfort and success in return to running. Future research of these
interventions in an RA populations will be crucial in determining the safest and most feasible
method of running in those living with RA. Detailed and high quality randomized controlled
trials are needed to not only guide clinicians in running activities for those living with RA but
exercise as well. Medication regimens and treatments are consistently changing and updated
literature is needed to provide the highest quality of care to this population.
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