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ORIGINAL ARTICLE

Characterizing Pain Flares From the Perspective of
Individuals With Symptomatic Knee Osteoarthritis
SUSAN L. MURPHY,1 ANGELA K. LYDEN,1 ANNA L. KRATZ,1 HEATHER FRITZ,2

DAVID A. WILLIAMS,1 DANIEL J. CLAUW,1 ARNOLD R. GAMMAITONI,3 AND KRISTINE PHILLIPS1

Objective. Although pain in knee osteoarthritis (OA) commonly affects activity engagement, the daily pain experience
has not been fully characterized. Specifically, the nature and impact of pain flares is not well understood. This study
characterized pain flares as defined by participants with knee OA. Pain flare occurrence and experience were mea-
sured over 7 days.
Methods. This was a multiple methods study; qualitative methods were dominant. Data were collected during the
baseline portion of a randomized controlled trial. Participants met criteria for knee OA and had moderate to severe
pain. They completed questionnaires and a 7-day home monitoring period that captured momentary symptom reports
simultaneously with physical activity via accelerometry (n 5 45). Participants also provided individual definitions of
pain flare that were used throughout the home monitoring period to indicate whether a pain flare occurred.
Results. Pain flares were described most often by quality (often sharp), followed by timing (seconds, minutes) and by
antecedents and consequences. When asked if their definition of a flare agreed with a supplied definition, 49% of the
sample reported only “somewhat,” “a little,” or “not at all.” Using individual definitions, 78% experienced at least 1
daily pain flare over the home monitoring period; 24% had a flare on more than 50% of the monitored days.
Conclusion. Pain flares were common, fleeting, and often experienced in the context of activity engagement. Partici-
pants’ views on what constitutes a pain flare differ from commonly accepted definitions. Pain flares are an under-
studied aspect of the knee OA pain experience and require further characterization.

INTRODUCTION

In osteoarthritis (OA), pain is the main symptom that
contributes to disability and reduced quality of life. Pain
drives people to seek treatment; however, it is unclear
whether current treatments address the most salient or
distressing aspects of the pain experience for individuals
with OA. Although treatments and clinical trials typi-
cally focus on pain intensity (1), adults with OA have
identified other aspects of the pain experience as being
important, including pain qualities (e.g., stabbing, shoot-
ing) (2–7) and timing (5,8,9). These additional aspects
may provide insight into mechanisms of pain and can

help enhance treatment selection and assessment of
treatment effectiveness. For instance, some descriptions
of OA pain quality are more consistent with characteris-
tics of nociceptive pain (e.g., sharp, stabbing), while
others are more consistent with neuropathic pain (e.g.,
burning, spread of heat). Further, timing of pain episodes
or “flares” has become an important element of pain
experience to study in order to understand the pain’s
impact on functioning. Previous research has character-
ized timing of pain severity through diurnal variations
(10–12), seasonal effects (13,14), and pain during move-
ments (15,16). The fluctuating nature of OA pain has
been described by patients as being disruptive in daily
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life (5,17,18); however, little is known about this day-to-
day pain experience in OA.

Only 1 study combined aspects of pain intensity, qual-
ities, and timing to understand the OA pain experience.
Hawker et al identified 2 distinct OA pain profiles: intermit-
tent periods of intense pain brought on by a trigger and then
resolve, and a dull aching constant pain (background pain)
that is increasingly punctuated by short intense pain epi-
sodes. Of these 2 pain types (intermittent and constant),
intermittent intense pain with an unpredictable trigger
tends to affect mood and function most (8). Although char-
acterized as distinct, periods of intense pain are present in
both profiles. Little is known about the nature of these
momentary pain “flares” in OA.

Few studies discuss pain flares in OA except in the con-
text of research design in which potential participants of
clinical trials must have a predefined increase in pain to
indicate a flare, which may not have clinical relevance for
patients (19–21). Although not well characterized, flares
have been described as inflammatory in nature (22) and may
be experienced during or after a period of being physically
active (23). For instance, in behavioral treatments, such as
activity pacing, people with OA are thought to have pain
increases (or have a flare) by engaging in too much activity
(24–26). The goal of activity pacing is to dissociate the pain
flare with the behavior of limiting activity that could rein-
force a cycle of disuse and disability over time. While these
studies have used the term “pain flare,” little is known about
the actual experiences and nature of these periods of more
intense pain in people with OA as they go about their daily
lives. The purpose of this mixed-methods study was to begin
to characterize pain flares in individuals with knee OA. Our
research design was a multilevel daily process study in
which the cohort underwent a prospective 7-day data collec-
tion. Both qualitative and quantitative methods were used,
with qualitative methods being dominant in this study.

PATIENTS AND METHODS

Participants. Community-living adults ages $50 years
were recruited through pain clinics at the University of
Michigan. The study was approved by the University of
Michigan Hospital Institutional Review Board. Participants
were included in the larger study if they met criteria for

knee OA as defined by the American College of Rheumatol-
ogy criteria (27). Every patient enrolled was examined by a
rheumatologist and had at least moderate knee pain (visual
analog scale score of $40 of 100 mm in the target knee or
$4 of 10 on a numerical rating scale). OA severity was con-
firmed by radiographs. If both knees had OA, the target
knee was the one with the highest pain. Participants were
excluded if they had a recent history of severe anemia, his-
tory of chronic severe kidney disease, or moderate to severe
hepatic impairment, had an allergy to or were previous
or recent users of either study medication, were currently
on long-term opioids, antidepressants, or centrally acting
chronic knee pain medications that were deemed by the
investigators to potentially interfere with the study drugs
or outcome assessments. Participants were also excluded
if they had knee joint injections within the last 12 weeks.
Participants could not be taking any supplements (e.g.,
glucosamine, chondroitin sulfate) during the study period.
They were also excluded if having concurrent treatments
for knee pain (e.g., physical and occupational therapy, acu-
puncture, cognitive behavioral therapy). Night shift work-
ers or people with an extremely variable sleep schedule
were excluded because of differential effects on accelerom-
etry. All participants were ambulatory with or without an
assistive device.

Procedure. After obtaining verbal and written consent,
participants underwent the baseline assessment, including
questionnaires, a brief interview about pain flares, and in-
struction in the use of the Actiwatch-Score (Actiwatch-S;
Philips Respironics) accelerometer with an accompanying
log book for use in the home monitoring period. Partici-
pants were instructed to wear the Actiwatch-S on their
nondominant wrist for 7 days and to take it off only when
there was a possibility of the device becoming wet. Partici-
pants were instructed to input pain severity ratings 8 times
per day and to record ratings in the log book, along with
waking and bedtimes each day. There were also end-of-day
reports in which participants were asked about their pain
flare experiences. After 7 days, participants returned the
Actiwatch-S and log book by mail.

Measures. Pain flares. The study personnel introduced
the concept of pain flares by saying: “One of the goals of
this project is to understand the daily pain experiences of
people with knee osteoarthritis. We know that some peo-
ple’s pain goes up and down across the day, and we know
that the term ‘pain flare’ means different things to different
people.”

The study personnel then asked, “In your own words,
can you please tell me what ‘pain flare’ means to you?”
Based on the response, additional descriptors were probed
in order to come up with an individual definition. Study
personnel recorded responses verbatim. Participants were
told to use their definition to determine if they experi-
enced a pain flare during the 7-day period. The occurrence
of pain flares was recorded daily in the log book. Partici-
pants were also asked to describe the circumstances
around the pain flare, such as the time and what they were
doing, and how it was different than their typical pain
experience.

Significance & Innovations
� Among adults with painful knee osteoarthritis

(OA), daily pain flares were common and tended
to be an intense, transient pain experience.

� Participants did not agree that commonly used
definitions of pain flare in the literature repre-
sented their experience.

� This study contributes to the understanding of
pain flares in knee OA, an experience not yet
characterized in this population.

1104 Murphy et al



In addition to examining participant definitions of pain
flare, the degree of concordance between the participant and
investigator definitions of pain flare was assessed. The inves-
tigator definition, “inadequate pain relief for an episode of
intense pain that is usually brought on by too much ac-
tivity,” was derived from the following sources (19,20) as
well as the research team’s experience. After presenting the
definition, participants were asked to rate how well the defi-
nition captured their experience of a pain flare on a scale
where 0 5 not at all and 4 5 very much. Participants were
also asked if there was anything missing from the investiga-
tor definition that should be included and were allowed to
discuss their concerns about the definition.

Surveys and background variables. Demographics in-
cluded age, sex, race/ethnicity, and marital status. Health
status variables included pain severity in each joint with
OA and body mass index. The Hospital Anxiety and
Depression Scale was used to measure anxiety and de-
pressive symptoms (28); the scales range from 0–21 and
$8 is considered clinically relevant (29). Fatigue and
sleep impairment were measured using Patient-Reported
Outcomes Measurement Information System scales, which
are measured on a standardized T score metric (normative
sample M 5 50 6 10) (30). Pain was measured at baseline
with 1) the Brief Pain Inventory (BPI), which has severity
and interference subscales measured on 0–10 scales (31);
2) the PainDETECT questionnaire, which examines neuro-
pathic pain (32), ranging from 21 to 38, with a higher
score indicating more neuropathic pain; and 3) the Pain
Quality Assessment Scale (PQAS) (33), which examines
intensity of various pain qualities alone and grouped under
different types: paroxysmal pain (shooting, sharp, electric,
hot, and radiating), superficial pain (itchy, cold, numb,
sensitive, and tingling), and deep pain (aching, heavy, dull,
cramping, and throbbing) (34), all on scales of 0–10.

Measures from the Actiwatch-S accelerometer. Daily
pain. Participants input ratings of pain severity into the
Actiwatch-S 8 times a day (wake-up and approximately
every 2 hours over the waking hours) for 7 days. Pain was
rated from 0 (no pain) to 10 (pain as bad as you can imagine).

Daily physical activity. Physical activity was measured
using the wrist-worn Actiwatch-S, an increasingly used
placement in population-based studies to overcome com-
pliance issues with devices worn on the hip or waist (35).
Although there are no gold standard methods to classify
activity type or intensity for wrist accelerometers (36,37),
the overall raw activity counts indicate general physical
activity levels (38). Studies support reliability and criter-
ion validity of the Actiwatch-S (39) as well as discrimi-
native validity between controls versus disease groups
(12,40). The accelerometer recorded activity over 30-
second epochs. Our primary physical activity variable
was average activity counts per minute (AC/min) over the
7 days. A greater average AC/min indicates higher levels
of activity. We also calculated pain variability over the 7
days by examining the average SD of the average AC/min.

Data analysis. Qualitative analyses to conceptualize
pain flares. We included participants’ descriptions of their
pain experiences throughout the week (recorded in the log

book), their verbatim responses to the open-ended question
of “what does pain flare mean to you?”, and to the investi-
gator pain flare definition in the qualitative analysis. All
data were transferred into an Excel spreadsheet prior to
coding. Because the purpose of the qualitative component
of the study was to investigate how participants concep-
tualized a pain flare, 2 authors (SM and HF) independ-
ently conducted the qualitative content analysis (41,42)
using the following a priori categories: 1) pain descriptors,
2) antecedents to a pain flare, 3) temporal characteristics
of a flare (onset and duration), and 4) any consequences of
the flare (e.g., stopping or changing activities, mood
changes, or actions taken for relief). After the initial round
of coding, the same 2 authors jointly reviewed the coded
data. Interrater reliability of 91% was achieved on the
responses.

Quantitative analyses. Descriptive statistics were used
to examine the number of daily pain flares experienced
by participants over the home monitoring period.

RESULTS

Eighty patients were screened for study participation.
Twenty-eight were ineligible due to use of exclusionary
medications or missed baseline assessments. Of the 52 peo-
ple who completed baseline assessments, 7 did not complete
the home monitoring period, leaving 45 participants. Partici-
pants were 55% female, mostly white (87%), mean age of 64
years (range 37–83 years), and 91% had bilateral knee OA.
They reported mild–moderate pain on the BPI (see Table 1).
The sample had a mean score of 8.3 on the PainDETECT,
indicating low levels of neuropathic pain. Participants had
low levels of depression and anxiety and were only slightly
below population-based means for fatigue and sleep impair-
ment. On the PQAS, the sample reported the mean 6 SD
highest level of intensity in those qualities indicative of deep
pain (3.1 6 2.1), followed by paroxysmal pain (2.9 6 2.0),
and surface pain (1.0 6 1.3). Unpleasantness was the most
highly rated item on the PQAS (mean 6 SD 5.9 6 2.6). Of all
pain qualities assessed, sharp (mean 6 SD 4.8 6 3.1) and
intense pain (mean 6 SD 4.8 6 2.5) were reported to be the
highest. In the home monitoring period, participants
reported pain severity at mild to moderate levels (3.1) with
an average pain variability of 1.1 SDs. Their average physical
activity (AC/min) was slightly higher than in other samples
of people with OA using this method (43,44).

How are pain flares conceptualized by participants? In
response to the question, “What does a pain flare mean to
you?”, participants described flares in terms of the pain qual-
ity, timing (e.g., onset and duration), and antecedents and
consequences. Table 2 shows participants’ responses grouped
under each theme. Participants used various terms to
describe the quality of pain experienced during flares, with
some participants using more than 1 descriptor. The majority
of participants described their pain flare experience using
terms associated with pain quality; 36% of descriptors of
pain flares were “sharp,” and 42% included other qualities:
“shooting,” “spark,” “electrical,” “achy,” “spike,” “needles,”
“burning,” “burst,” “pulsating,” and “spread of heat.” In
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contrast, some descriptions focused on pain magnitude
rather than quality. For example, 22% defined the pain flare
experience as a general increase in pain, while 13% charac-
terized it as an “intense” or “severe” level of pain.

The terms that participants used to describe pain flares
also reflected the variable onset and duration of the flare.
Sixteen percent of participants described flares that had
a “quick” or “sudden” onset, and 24% described timing
of the flares as having lasted from a few seconds to 10–
15 minutes. For example, one participant described a
pain flare as “an electrical shock” with pain lasting only
;10 seconds. However, not all flares were experienced
as brief events; 11% of participants experienced flares of
variable intensity and duration.

Of participants who mentioned antecedents to pain
flares, antecedent events were most often reported as
activity-related (reported by 38% of participants). How-
ever, 2 participants mentioned that there was no particu-
lar preceding event to pain flares. The activities most

commonly associated with a pain flare were typical daily
activities (standing, walking, or getting up from sitting).
Eleven percent of participants reported that flares were
due to staying in one position too long. The 2 most com-
mon actions taken in response to flares were to rest and
to take additional pain medication. Thirteen percent of
participants discussed the consequences of pain flares.
Consequences of having a pain flare pertained to interfer-
ing with activity performance, seeking pain remedies,
having lasting pain, or providing a personal cue about
their own function.

Investigator versus participant definitions of pain
flare. When asked how well the supplied research defini-
tion of pain flare captured their experience, 51% of the sam-
ple said “very much” or “quite a bit” (11% and 40%,
respectively), 33% said “somewhat,” and 16% said “a little”
or “not at all” (9% and 7%, respectively). Across partici-
pants, 34 (76%) suggested modifications to the investigator

Table 1. Participant characteristics at baseline (n 5 45)*

Variable Mean 6 SD Range

Age 64.1 6 10.0 37–83

Female, % (no.)† 54.5 (24)

Race, % (no.)‡

White 87.0 (38)

African American 6.8 (3)

Unknown 6.8 (3)

BMI, kg/m2 (n 5 40) 30.9 6 6.1 20.7–45.4

PainDETECT (neuropathic pain scale) 8.3 6 6.3 0–20

BPI severity subscale 3.7 6 2.0 0.3–8.3

BPI interference subscale 3.1 6 2.3 0.1–8.7

PROMIS fatigue scale (T score) 49.4 6 7.5 33.4–64.8

PROMIS sleep impairment scale (T score) 46.3 6 8.4 30–64.3

HADS depression 2.7 6 2.3 0–10

HADS anxiety 4.1 6 2.8 0–12

PQAS (individual items)

Unpleasant 5.9 6 2.6 0–10

Sharp 4.8 6 3.1 0–10

Intense 4.8 6 2.5 1–9

Aching 4.3 6 3.2 0–10

Dull 3.6 6 2.4 0–8

Shooting 3.4 6 3.0 0–10

Tender when something pressed against skin 2.8 6 2.9 0–9

Throbbing 2.8 6 2.8 0–9

Heavy 2.5 6 2.9 0–9

Cramping 2.5 6 2.7 0–8

Hot 2.1 6 2.7 0–9

Radiating 2.1 6 2.5 0–9

Electrical 2.0 6 2.6 0–10

Numb 1.7 6 2.5 0–8

Tingling 1.6 6 2.5 0–9

Sensitive to light touch 0.6 6 1.3 0–5

Itchy 0.5 6 1.6 0–9

Cold 0.5 6 1.3 0–7

Weekly average pain 3.1 6 2.0 0.22–8.24

Weekly average pain variability 1.1 6 0.5 0.4–2.4

Weekly average activity counts/minute 355.2 6 131.4 179.2–798.5

* BMI 5 body mass index; BPI 5 Brief Pain Inventory; PROMIS 5 Patient-Reported Outcomes Measure-
ment Information System; HADS 5 Hospital Anxiety and Depression Scale; PQAS 5 Pain Quality
Assessment Scale.
† N 5 44.
‡ N 5 44.
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definition of pain flares to better match their pain flare expe-
rience. Their responses (in Table 3) could be grouped under
the same categories as in Table 2: pain qualities, timing, ante-
cedents, and consequences.

The most commonly reported area of improvement was
the antecedent of pain flare. There were 19 participants who
commented on activity not being a trigger or not being the
only trigger for pain flares. Responses and suggestions
regarding antecedents to pain flares are in Table 3. Some par-
ticipants also suggested that being sedentary or being in one
position (sitting or sleeping) or other reasons (weather or
pressure) may cause a pain flare. Others suggested that “too
much” activity did not capture pain associated with routine

daily activities (e.g., walking or standing) and some sug-
gested including specific activities. In addition to antece-
dents, some participants suggested additional descriptors of
pain quality (burning, heaviness, intense pain, spikes). Some
participants commented on adding aspects of timing to the
investigator definition of pain flare, such as onset (e.g., sud-
denly), frequency, or duration of flare (e.g., short to more
long lasting, up to 24 hours). A few participants mentioned
clarifying consequences such as what is meant by pain relief,
use of pain medications, or how flares impact activity.

How are pain flares experienced in daily life? Over
the 7-day home monitoring period, daily pain flares were

Table 2. What does a pain flare mean to you? (n 5 45)

Theme/description
Frequency of

responses
Participant

quotes

Pain qualities

Sharp 16 A sharp pain (like a knife, ice pick)

Sometimes a sharp pain where knees will “lock”; it’s like bone to bone; need

to hold onto something to unlock; once unlocked pain is there but it is not

sharp, sometimes it’s sharp if in reaction from a step

Increase in pain/higher pain 10 An episode where pain increased above the typical range without apparent

reason

Dramatic increase

Intense (severe) 6 Greater intensity is what defines a pain flare

Intense, it’s pinpointed to a specific part of your body (like when Dexter

plunges the knife in)

Other: electrical, glitch, twinge,

stabbing, burning

19 “Bolt of lightning” of intense pain

Solar flare, a shoot, a flare of pain, like an electrical shock

Unusual spark of pain

Timing

Short duration 11 Shoot of a flare of pain, like needles in the knee, duration 10 seconds

Sharp pain (jolt) in knee that lasts a minute or 2

Sudden burst of pain lasts 2–3 minutes, sometimes only 30 seconds

Lasts 10 to 15 minutes

More acute than chronic

Sudden onset 7 Sudden burst of pain (above the level I am usually at)

Sudden onset of achy pain that spreads across knee

Variable 5 Sometimes sharp pain, knees will lock, it’s like bone to bone, need to hold

onto something to unlock. Once unlocked, pain is there but it is not sharp

Ongoing long-lasting pain

Wasn’t there and then comes on with activity, sometimes goes away,

sometimes stays

Varies between sharp and short and long-lasting

Antecedents

Specific activities or increase

in usual activity

17 Getting up or going down stairs then the pain is like boom, right there

More pain in response to strenuous activity

After a lot of walking, a burning sensation on the inside (of knee) but cool to

touch on the surface, like a pulsation

Sitting/staying in one position

too long/sleeping at night

5 At night, a sharp pain, by position

Sore achy feeling after sitting too long

Sharp pain that lasts pretty quick, especially when I touch my knees together

at night

Consequences

Activity interference 2 Interferes with activity

Can’t continue on with movement or activity because of the pain

Seeks remedies 2 Takes a few remedies to become comfortable again

Requires additional medication to find relief

Lasting pain 1 Can’t get (pain) to stop

Cues about changing

position/function

2 Reminder that I need to change position

Because of pain, I don’t feel steady
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common; 78% of the sample who had data on pain flares
experienced at least 1 pain flare according to their indi-
vidual definitions. Almost one-quarter of the sample
(24%) experienced daily pain flares on more than 50%
of the monitored days. The mean 6 SD number of pain
flares for the sample was 2.2 6 1.9. Participants identi-
fied numerous possible flare antecedents (see Figure 1).
When asked what they were doing when the pain flare
occurred, participants most often reported walking and
going up or down stairs, followed by exercise and
household chores (e.g., cleaning, laundry, or yard
work). Some participants identified “sedentary” antece-
dents to flares, such as sitting while watching televi-
sion, driving, or sleeping.

Nearly all participants identified more than 1 anteced-
ent, and antecedents could change daily. For example,
one participant reported flares on 3 consecutive days,
and each was associated with a different antecedent. In
addition, across the sample there was no clear associa-
tion between sudden changes in usual daily activities
(e.g., sudden increases in time spent sitting, or increases

in physical exertion) reported by participants and inci-
dence of pain flares.

DISCUSSION

We sought to better understand pain flares from the perspec-
tives of people with knee OA. When asked to describe a pain
flare, participants reported 1 or more of the following aspects:
pain quality, timing, antecedents, or consequences; this is
similar to what has been reported in earlier qualitative studies
on overall pain experience in OA (6–8). Aspects of pain expe-
rience related to timing (i.e., pain pattern) and predictability
of antecedents to pain are important to understand as they are
differentially associated with mood, mobility, and sleep (8),
and symptom acceptability (45). Therefore, further insight
into pain experience can ultimately guide the tailoring of
knee OA treatments that will be most relevant to individuals.
Further study of pain flares, in particular, can provide addi-
tional insight into momentary aspects of pain experience
focused on timing or patterns (intermittent or constant),

Table 3. Participant responses regarding what is missing from the investigator definition of
pain flare: inadequate pain relief for an episode of intense pain that is usually brought

about by too much activity

Participant quotes

Pain qualities Above the normal range of pain

Burning sensation, heaviness in joints, sharp and intense pain when

knees lock

Definition of pain has to be broader

Need to determine ambient level of pain and spikes above that level

Not dull pain, more a flare up

Intense pain for certain activities

Needs joint specific activity

Comment about “pain control” is too clinical, would like it to be

more specific

Timing Timing should be 2–24 hours instead of a shorter term feeling

Frequency

Inadequate fails to capture the idea of occurrence of pain

Can be more time

Sudden pain because of activity

Antecedents Activity isn’t the only trigger, also brought on by usual and

unusual activity

At night, not dependent on activity

Too much activity or stress

Can happen when sitting (with little activity), too much of anything

(standing, sitting, activity)

Can be other causes: way you sit, way you sleep

Too much activity not only reason for pain flare

Or it comes on while being sedentary, even waking up with a flare

or specific activities or motions

Sometimes brought on by changes in position; wake up at night

Brought on by activity, but not necessarily ‘too much’ activity,

your normal [activity]

Not always too much activity, could be because of weather

or pressure

Consequences Inadequate pain relief should be omitted because I interpret that as

meaning that I need to take pain medication for relief

Causes [me] to use pain meds [I] don’t typically use

No pain relief until I stop activity

Pain flares diminishes activity
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which are both described as involving flare-like experiences
and on predictability of antecedents to pain in daily life (8).

The majority of participants described pain flares as a
sudden onset of sharp pain that was of short duration
(seconds to a few minutes). Interestingly, the participants’
descriptions of pain flares were in contrast with the sup-
plied definition; almost half of the participants felt that
the supplied definition of pain flare did not match their
own personal definition well. There were missing ele-
ments that needed further specification, such as broaden-
ing pain quality descriptors and antecedents. In order to
better capture pain flare experiences, further studies will
be needed to develop and validate a tool for this purpose.

In this study, participants were asked to use their own
definition of pain flares and report on any pain flare expe-
rience over 7 days. During that time, pain flares were com-
monly reported and resulted from multiple antecedents.
Antecedents to pain flares were commonly described and
were most often activity-related, such as from walking or
stair-climbing, or from sedentary activities. Although pre-
dictability of the antecedent was not specifically mea-
sured, participants’ description of “quick” or “sudden”
onset may be indicative of unpredictability.

In addition to the potential of better understanding aspects
of pain experience to tailor interventions to patients, pain
flares in knee OA requires further study to examine the
chronic pain experience over time in relation to disease pro-
gression (46). Neogi et al found that consistency of pain (pain
on most days in the past month) was associated with more
radiographic severity of knee OA compared to inconsistent
pain, which was associated with more mobility and perhaps
earlier disease progression (9). The examination of pain flares
may provide insight into the real-life pain experience of peo-
ple at different stages of OA disease. One aspect in which
they may differ is in terms of antecedents. Although different
activities were mentioned, there may be common characteris-
tics, such as bone-loading intensity of activity (i.e., stairs)
(47), and bone loading is associated with nociceptive pain
(48). In addition, knee instability will be important to mea-
sure in relation to pain flares. It is possible that pain flares for

some people are associated with knee locking (as mentioned
by a few participants) or with knee buckling during activities.
Although no participants used the term “buckling,” the end-
of-day questions regarding pain flares only pertained to what
activities they were doing and not on their physical reactions.
Buckling, which is associated with reduced function and low
quadriceps strength (49), could occur in conjunction with
pain flares. Because many flares happened during walking,
gait issues of people with and without pain flares may also be
important to examine.

There were some limitations to the study. Because so lit-
tle was known regarding the frequency of pain flares in this
population prior to this study, we designed this study to cap-
ture daily pain flares. Some participants included extra
accounts of pain flares within a day, which was not expected.
Given the variability in reporting, we collapsed these extrane-
ous entries into a daily measure of pain flare (yes/no);
however, future studies could include more frequent ascer-
tainment of pain flares and could utilize event-based sam-
pling instead of end-of-day recall. Further, we did not assess
other aspects of the pain flare experience in the monitoring
period, such as the momentary pain quality, momentary pain
severity, reported consequences, or predictability of the flare.
Another study limitation is that the participants were mainly
white, and other racial and ethnic groups may have different
experiences. Further, the participants had only mild to mod-
erate pain, had very low levels of anxiety or depressive symp-
toms, and mild to moderate intensity of individual pain
qualities. Pain flares may be different in cohorts with higher
symptom levels and mood disturbance. Finally, a larger sam-
ple is needed to understand differences of people with and
without pain flares. Despite limitations, this study provided a
rich source of data on the pain flare experience in knee OA.
Further, the roughly equal representation of males and
females was a strength in this study. Having a substantial pro-
portion of men in the study ensured that a wide range of male
experiences were represented.

One direction for the future is to develop and validate a
measure of pain flares and to examine whether the character-
ization of pain flares varies at different stages of disease or
with different symptom burdens. This will require addi-
tional qualitative studies with people from across the disease
and symptom burden spectrum. Because pain has a recipro-
cal relationship with social, emotional, physical, and func-
tional well-being, there is a need to better understand how
pain flares fit into these processes. The actual experience of
pain flares, as to when pain occurs during a pain flare (such
as at the beginning of a movement, when changing positions,
or when sedentary), can also be further examined and may
provide insight into underlying biomechanical and disease
processes. The consequences of pain flares need to be under-
stood more fully and future studies should examine the
effect of pain flares on activity engagement, medication
usage, and on later mood, activity, and sleep. Particular char-
acteristics, such as pain catastrophizing, that could contrib-
ute to maladaptive patterns of functioning (e.g., limiting
daily activities and reducing activity) after pain flare experi-
ences should also be investigated.

While our study used both quantitative and qualitative
methods, with a dominant focus on qualitative approaches
to begin to characterize pain flares from the participants’

Figure 1. Reported antecedents of pain flares over 7 days
(n 5 31).
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perspective, further quantitative analyses of these pain flare
data will be needed. An important aspect that we will exam-
ine in a future study with these data is the day-to-day associ-
ations of pain flares to pain variability, physical activity, and
symptoms over the 7 days. These analyses will enable us to
better examine if and how pain flares are associated with
later day or next day symptoms and activity.

In this study, we began to characterize pain flares in parti-
cipants with knee OA. We found that pain flares were com-
monly experienced and typical of sudden onset and short
duration and had negative consequences on daily routines.
We also found that the current literature definitions of pain
flare do not align with participants’ perspectives. Pain flares
require further study in order to better understand the daily
pain experience of people with knee OA.
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