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ABSTRACT

Objective: To..evaluate the association between hip idfwiying way and hip pain

exacerbations persons with symptomatic hip OA.

Methods: We conducted amternetbasedcasecrossover study to assess hip injand ‘giving
way’ for hip pain exacerbatiorkligible participants with symptomatic hip Oere followed

for 90 days and asked to complete online questionnaitesseatine and0-dayintervals (control
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periods). They also logged on to the study website to congpletionnairefor anepisode oa
hip pain exacerbation (case periods) defined as an increaiseo gjoints in pain intensity
compared with baseline @anumeric ratingscale NRS:0-10). The relationship dfip injury and

“giving way” to the risk of pain exacerbation was examined using conditional logigtessson.

Results: Of 252 paients recruited into the studwe included 133 (53%) subjects who provided
data from"both ¢ase and control periods. Hip injury during the last seven days increassd th

of hip painiexacerbation (odds ratio [OR] 2.74, 95% CI 1.62, 4.62). Hip “giving way” during the
last two days wasssociated with an increasedk of hip pain exacerbation (OR 2.10, 95% CI
1.30, 3.39).and showed a significant relationship between the number of hip “giving way”

events and risk of hip pain exacerbations (p<0.001).

Conclusion: Hip injury and episodesof hip “giving way” were significantly related to pain
exacerbation in persons with symptomatic hip. ®#ethods to prevent exposure to injury may

help to reduce the burden of pain inpersons with hip OA
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Significance and Innovations

e Our findings are novednd extend from the use of novel interbased methods, and we

used each case as his/her own control which is highly applicable to assess the effects of

transient exposures (hip injury or “giving way”) on pain exacerbations.

e This study used data providéy 133hip OA patients showed a significant association
between hip injury/“giving way” and pain exacerbation in persons with symptohiptic
OAL

e Wegsfound that hip injury and episodes of hip “giving way” were risk factors for pain
exacerbation in persomath symptomatic hip OA, which could provide some insight into

potential mechanisms of pain exacerbation.
Introduction

Osteoarthritis®(OA) is the most common form of arthritis with the demgthe second most
affected large=join{1). The lifetime risk of developing hip OA can be up to 25% with the
incidence/rate being 13 per 1000 peryears(2, 3). Hip OA is a major public health problem
particularly as it often leads to costly total hip replacement sur@erywith increasinglife

expectancy‘and hence an ageing population, the burden of hip OA is expected to worsen (1, 5).

Joint pain is the hallmark symptom of OA and is also the major driver of clidexsion
making.Hip pain together withstiffnessand otherfunctional limitations substantially impag
health and quality of lifef patientssuffering from hip OA(6). Among patients with hip or knee
OA, there are/two distinct pain types describede isa dull, aching pain which becomes
constant overstime (persisit “background” pain); the other oneas intermittent intense pain
which presents:with episodes of unpredictable and more severé7jpairhe latter pain has a
greater impact on quality of life, but risk factors triggering these exacerbations are largely
unknown (8).Previous studies showed that knee injury or buckling, negatieetigify and
passive pain_coeping strategies could trigger pain exacerbations in patients vetAndut

there ardew studies on the risk factors of hip OA pain exacerbations (9, 10).

Mechanical insultto the hip from acute injuryor previouship injury is a risk factor for the
development ohip OA (11, 12) “Giving way” or bucklingof the jointmeangperception othe
sudden loss of postural support acrossjtiv@. The joint “giving way”is usually causetly
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joint pain or joint instability buis rarely describedn uninjured(non-orthopaedics relategdints
(13). The role of hip injury or “giving way” in pain exacerbations in persons Wwith OA
remains unclearThis studyevaluate data fromthe Internetbased Hip Osteoarthritis Pain
Exacerbation (iIHOAP) study to determiwhetherthere was any association betwdsm injury
(within seven,daysdr hip “giving way” (within two days) andpain exacerbations inegsons

with symptomatic hip OA.

Patients and Methods

Study design We conducted amternetbasedcasecrossover study to assessange opotential
risk factors, including hip injurgnd hip “giving way”, for hip pain exacerbation. This method
has been previously described in knee OA pain exacerlsttidres(9, 10, 14, 15)In brief, the
casecrossover=design usesach participantas his/her own contralo assess theffects of
transient .exposures (triggers) @apisodic eventge.g. painexacerbation The study was
approved/bythe ethics committees of th&niversity of Sydney (HREC 2014/801) and
University of Melbourne (HREC 1443509), and all participants provided informed consent.

Participants Antonline screening survey towlas designedor the recruitment of eligible study
participantsin“Australia from May 2015 to June 2017his tool identifiedparticipants that
gualifiedfor the study based on their answers todhgibility criteria questions and eliminated

those that wre not. The screening survey website hvks providedat the websites and local

newspapers chosen for advertising the study. We also emailed the link to individuals from

previous hip-QA studies who gave their consent to be contacted for future resegecksp

When a.potential study candidate registered his/her interest in participation through the screening

survey tooltheir contact detailsvereemailedto a study coordinator. The study coordindtam
contacted participants for further assessnagrat enrolmentProspective participants were also

asked to provide their most recent hip x-ray.

The inclusien, criteria were40 years old; hip pain on most days (5 -7 days/week or 230
days/month) that fluctuates in intensity; at least one hip meetimgridan College of
Rheumatology Criteria for hip OAclinical (without ESR) plus radiological criterig)L6);

Kellgren and Lawrenc€lassificationof hip OA grade> 2 (17) an active email account and
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access to the internet and computer; and good understanding of spoken and writtenTeglish.
exclusion criteria wex: a history of total hip replacement in the index hip or plan to hat@tal
hip replacement of theymptomatichip(s) in the nextsix months history of inflammatory

arthritis, osteonecrosis or Paget’'s disease affecting the hip.

Procedures TheilInternet was used in this study to collect .d@tace qualified, the person was
enrolled and“provided access to the study welisligible participantsverefollowed up for 90
days andwasked to complete questionngiresuding demographic detailbaseline pairevel,

hip injury and«“giving way) at baséine andeverysucceeding 1@ay interval (control periods).
The pain levelr'was assessed using the numeric rating scale (ARR@d from G- “no pain” to

10 —“the worst pain possiblg¢’for pain(18, 19). We asked participants to indicate how ba th
hip pain was_ at its mildest, usual and worst timethe baseline online visit. Pain exacerbation
was then_operationally defined as an increaseaifits in the participant’s pain level
comparedwith*his/her mildest hip pain level reported ab#iseline visi{a disabling increase in
the hip symptoms lasting for more than 8 hours without settliwg)ch wasalso used in
previous stdies(9, 10, 14, 15, 20, 21We chose the threshold for pain exacerbation which was
also based on the OARSI Clinical TirRResponse Criteria definition for a meaningful change in
symptoms(15;:22) When a participant considered he/she egseriencing a pain exacerbation
and loggedonto: the study website, the online questionnaire automatically determimether

the participant had a pain exacerbation or not based on the operational definition and guided
them to complete the questionnaires (case peri®asicipantsvere not allowed to knowvhat
amount constituted pain exacerbation to avoid subjectivity bias Risk factor assessment

questionnaires for control periods and gaseods werehesame forall online visits.

Participants'were asked whether they bhadnjury (suchas fall, slipped, sports injury, tripped
involving the index hip(most painful/affected hipjhat limited usual activities during the last
sevendays and whether they experienced any episoddbkedhip "giving way" (defined as
sudden loss_ ofspostural support across the hip at a time of weight béating)astwo days at
control ‘periodsAs hip “giving way” was assumeahore frequently thamip injury, two days
period prior to pain eaterbations was selected for hip “giving wayhey were also asked the
same questiongsbout whether any injuryhad occurred to the index highat limited usual

activities during the severdays beforethe pain exacerbation and whether there were any
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episode®f the hip "giving way" during the two days before the pain exacerbation at case periods.
All data were collected on a secure password protected study websitewasébcated on a

Secure server.

Statistical. methods Baseline characteristics were summarised as mean (SD) for continuous
variables and frequency (%) for categorical varialdkegients who did not provide data on both
case periodsTand control periods were excluded from the andfgsdsip injury, controlghat

were within seven days before or after a reported flare were exclbdeds reported within
seven days: ofia previous flare were also exclu@led.sameule wasappliedto hip “giving way”
(within twondays).Characteristics were summarised for all patients enrolled into the study and
for the subgroup included in the analysis. Case periods that occurred within twaridays a
preceding._case period were excluden the analysisThe association ofijp injury or “giving

way” to the risk of hip pain exacerbation was assebgarmbnditional logistic regression analysis
The dose@sponse relationship between number of “giving away” events and risk of pain
exacerbationwas assessed by conditional logistic regression analysis choosing zero “giving way”
event as referenceDdds ratioOR) and 95% confidence intervals (@) the risk factors (hip

injury and “giving way”)were reportedAll analyses were conductedingSTATA versim 15.

Results

Of the 252participantsrecruited,threefailed to answer the questionnair€ne hundredand
nineteempatients only provided data on control periods only. One hundrethatydthree(53%)
patientsprovided data from both periodsdwere subsequently included the analysis; one
further patient.was excluded from the hip “giving way” analysis due to missing datdinBase
demographic characteristics of all participants (n=252) and those Witlacior data included in
the current analysisre summarisedn Table 1.Participants included in thanalyses were
representative of all participants recruited and vpeeelominantly female (85%), haah average
body mass index around X@/m?, andan average age of 62.4 years (8B.2) More than 60%
of the participantseceiveda tertiary education (higher than high schaducation)and more
than 70%performedlight physical work (sedentary work or standing occupati@m).average
the usuahip pain level was around 3 (SD £ 2.2; NRS scalewhile themildest pain levelvas?2
to 3 and thavorst pain levelvas8 (SD + 1.8).
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On averagd252 participants)patients completed the questionn&rgtimes(median: 10; range:
0-21). The areragenumber of controperiodswas 8.1 andhe averagenumber of cas@eriods

was 1.4.

During the.9eday follow-up, 133 (53%)participantshad 350hip pan exacerbations (case
periods); on average, patients experien2eglexacerbations (mediatwo; range 1-11).The
others (116 participants) provided only control periods or case periods that weidedxas they
are not informative for this particular design and analysfty-one (39%, 51/132) participants
had at least one hip injur@f these, questionnaires were completed304 case periods plus
807 controkperiodsere usedor the final analysis otheassociatiorof hip injury within the last
sevendaysand hip pain exacerbatioResults showethathip injury increased theddsof pain
exacerbations (OR.74, 95% CI 1.62, 4.62) compared withinjury to the hip(Table 2)

For hip “giving way”, information was completed f847 case periodsnd905 control periods
which were usedor the final analysisAmong them86 (65%, 86/133) participants had at least
one hip “givingsway”.Four participants (1.3%4/319)reported fallingdue tothe hip “giving
way”. Hip “giving way” during the lastwo dayswasassociated with increased odufship pain
exacerbation (OR 2.10, 95% CI 1.30, 3.39), and showed a significantedpsnse relationship

between th@aumber of hip “giving way” events and risk of hip pain exacerbatidable 3.

Discussion

This study..showed a significardssocidon between hipinjury/“giving way” and pain
exacerbation in hip OA patientthough hipinjury was lesdrequentthan hip “giving way” in

this study.

Many studies'showed that patients with hip or knee OA experrecaerentpain exacerbations,
but the underlying mechanismare still not welunderstood(7, 23, 24) Traditionally, pain
associated with OAwas attributedto inflammation or tissue (joint) injury (referred as
“nociceptive pain”), which maycauseinflammatory mediators released into the joint and
peripheral sensitizatiori25). Pain fluctuation washown to be related tochanges inbone
marrow lesions (BMLs) and synovitis knee OA patients(23). As a result, injury tdhe joint

was thought to be a potential factor leadioegthe inflammatory response in the joint and
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hyperalgesia/allodyniéo, 25, 26) Moreover, many injuries like slipping or fallingay also be
the trigger of activityrelated pair(25).

Patients with hip or knee OA oftenhave the sensationof joint ingability or “giving
way"/buekKling-whichis alsoa cause of falls and fracturé27, 28) In our study, 65%86/133)of
the hip OA population reported at least one @gesof hip “giving way” during the 9@ay
follow-up.'Only four falls occurred due tibe hip “giving way” which could be explained by the
relatively younger age of our sample compared with those at higheofrigls (29). Buckling

or “giving.way’ was found to be significantly associged with activity limitation and poor
physical funection(28). The causes of joint (knee/higyiving way” in OA patientsare still
unknown,/ though biomechanical impairments such as muscle weakneshywetieesizeds
important causal factors sdf-reportedknee or hip “giving way’(30). The sudden “giving way”
can also occur/because of OA péll). Studies of knee OA patients found that joint instability
could influence"knee pain level atftht “giving way” eventswere significantly associateslith
pain exacerbations (9, 31)evertheless, whether hijgiving way” events could trigger pain
exacerbationkas beerscarcely studied previously in OA patientée resultof this study also
demonstratedhat those who had more episodes of hip “giving way” during the last two days
further increased thestrengthassociation with pain exacerbatior&milar resultswere also

found in'knee-OA patients (9).

The aetiology of OA pain is complex and often consideredwithin the construct of a
biopsychosocial model influenced by many fac{@®). Mechanical factors, anxiety, depression
or the patients’ pain coping strategiean all influence the persors pain experiencé33).
Lifestyle behavioual management strategies such as exercise and weightdogsinedwith
proper medical'treatment or psychological theramrecommendedbr improving OA pain (34-
37). Thereis also evidence showing that greater strength of the major hip and thigh msascles
associatedvith better self-reported physical function in patients with hip (28). Relevant
muscle strengthening and balance training are potential ways to improve hipitgstdbwever,
avoidinghip. joint injuries such as slipping or twisting couédfectively reducethe fluctuation of
pain in daily lifewhich will also decrease pamelated fear and increase the patients’ adherence
to exercisg(39).
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Our study also has some limitations. Most participants Wereasiansaand allrequiredaccess

to theinternetand a goodinderstanding of EnglisiThus,the findingsmay notgeneraliz to all
patients withhip OA. The study relied on retrospective sedport of the risk factorandas such,
there ispotential for recall biasParticipants were required to complete numerous questionnaires
at regular_intervals oveB0 days.This may have caused participant fatigleading to
underreportingdf pain exacerbationand incomplete questionnairddowever, such a potential
bias, if it exists;'is likely to dilutanyassociationWhile we have demonstrated associationit

is not knewn"whether hip injury or “giving way” isa causative factor for hip OA pain

exacerbations

Our findings/are novel and extend from the useno¥el web-basedmethods that allow such
questions_tdoe asked. In this study, we used each cagdesdger own control which is highly
applicable_to_assess the effects of transient exposures (hip injury arg‘giay”) on pain
exacerbations:“To address the limitations of traditional study methods, weheséuaternet
which can facilitatereattime data capture as a powerful resource for efficient data collection
(40).

In conclusion, this study found that hip injury and episodes of hip “giving way” mskéactors
for pain exaeerbatiom personsvith symptomatic hip OAThe results provide some insight into
potentialmechanisra of pain exacerbation. Reducing or avoidaagjvities that lead tbip injury

or “givingway” may decrease the risk of hip pain exacerbatiomgeisonswith hip OA.
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20 Tables
21  Table 1.Demaographic characteristics of participants
Characteristics All o Participants
(Mean £ SD or %) participants/n=252* Participantsi=133 /n=119***
Age (years) 62.2 £ 8.3 62.5+8.3 62.0 £ 8.3
Female 199 (79%) 113 (85%) 86 (72.3%)
BMI (kg/m?) 28.69 £ 6.05 29.12 £6.33 28.27 £5.72
Index hip (right) 143 (56.7%) 72 (54.1%) 72 (60.5%)
Race
Caucasian 242 (96%) 126 (94.7%) 116 (97.5%)
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Others

10 (4%)

7 (5.3%)

3 (2.5%)

Education Level
Less tharhigh School
Completed high school
Higher than high sehool

37 (14.7%)
58 (23%)
157 (62.3%)

22 (16.5%)
28 (21.1%)
83 (62.4%)

15 (12.6%)
31 (26.1%)
73 (61.4%)

Past occupational‘physical

workload level
Sedentary (maostlyssitting) work

Standing occupation, physically

111 (44%)

90 (35.7%)

56 (42.1%)

49 (36.8%)

55 (46.2%)

41 (34.5%)

light work
Manual work 47 (18.7%) 25 (18.8%) 22 (18.5%)
Heavy manual work 4 (1.6%) 3 (2.3%) 1 (0.8%)
Baseline pain level0)
Mildest 23+19 2520 20+1.7
Usual 43+21 45+2.2 41x2.1
Worst 7.6+1.9 8.0+1.8 731220

1  * Three patients failed to answer.

2 ** With both case and control perioddne patient was further excluded for the hip injury

3 analysis.

4 **\NVith only control periods or failedo answer.
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1  Table 2.Association in lassevendays’ of hip injury and hip pain exacerbation (132 subjects)

Case periods Control periods

Hip injury OR (95% CI) P-value
(n=304) (n=807)
No 253 (83%) 760 (94%) - -
Yes 51 (17%) 47 (6%) 2.74 (1.62,4.62) <0.001
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1 Table 3. Association of hip “giving way” in last two days and hip pain exacerbation (133

2 subjects)

Case periods Control periods

OR (95% CI) P-value

(n=347) (n=905)
Hip “giving way”
No 215 (62%) 718 (79%) - -
Yes 132 (38%) 187(21%) 2.10(1.30,3.39) 0.002
Number of hip “givingyway” events
0 215 (62%) 718 (79%) - -
1 43 (12%) 87 (10%) 1.86 (1.14, 3.04)
2-5 64 (18%) 92 (10%) 3.39 (2.00, 5.75) <0.00*
=6 25 (7%) 8 (1%) 7.86 (2.74, 22.55)

3 *Type lll R-value.
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