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Abstract

Aim: We investigatedifferences in function, strength, and pain in those with knee OA who
responded with a single step compared to multiple steps during balance recovery during an

induced forward, fall.

Method: The stepping response of 24 participants with knee OA (50% females, age 68.6 =
6.2 years)was they recovered balance from an induced forward fall was recorded. Participants
were grouped based on their stepping response as single-stepper and multi-stepper.
Comparison. was made between the groups for functional andthkttesaty and selieported

pain, function; quality of life, fear of falls and physical activity.

Results: Fourteen of the participants (58%) responded with a midtggeesponse. Multiple
steppers demonstrated greater time for the up and go (p =tb®%)air climb test(=

0.05, as well'asreduced distance during the 2 min walkpest)(001) and reduced
isokinetic knee"extension strength (p = 0.02).

Conclusion: Those whdemonstratedhultiple steps respon$ed impaired function, reduced
strength.and.were less physically active. Given the high prevalence of falls in people with
knee OA, further studies are required to better understand the ability of péibpkmee OA

to respond-and-avoid falls.

Introduction

Falls are the leading cause ofmadity and morbidity in people aged 65 years and
over?with an estimated 30% of community dwelling adults reporting one or more falls each
year>®. Chronic musculoskeletal conditions in the lower extremities, particularly arthritis,
have been.shown to be independent risk factors for'falléth approximately 50% of
people with osteoarthritis (OA) over the age of 60 reporting one or more falls in ant2 m

period'®*,

Impairments to gait function combined withwer extremity muscle weaknessd
impaired balancarerisk factors for falls?. Older people with kne®A areatevengreater

risk of falls due to muscle weaknessducedroprioception anthalancedysfunction'®, The
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increasing prevalence of Ofighlightsthe need for research targetimiger adults with knee
OA ™

Impaired balancées one of the main causes of fdifsandthe ability to recover
balance following a trippingelated perturbatiois critical to avoiding a fall.One strategy
for maintaining balancis to employ compensatory stepping. Older adults not only
demonstratéess capacity to recover balance compared to young aduttglso recover
using multiple compensatorgteps™>*°. Multiple step recovery has beshnown to predict
falls " becauseeffectiverecoverystep reactiomand stability controhredependent on
musculoskéletalcapacity, sensory function and neural procé&Sing/hile older adults’
capacity to execute an effective stepping reactioaffectedby ageingrelatedsensiemotor
abilities recavery from unanticipated balance loss migHubbercompromised by knee

OA due to,the.associated physiological and neuromuscular impairffients

Despite'the high prevalence of fallspeople with kne OA, it has yet to be
demonstrated experimentally how knee &ffects the mechanics of balance recoverny
this study we investigated the differences in function, strength, and pain between pdople wit
knee OA wha responddd balance loss usirasingle recovergtepand those who
responded,with,multiplsters. Given that a trigrelated fall can result from improper stepping
response, understanding the differences in muscle strengghgsidal function between
those who:respond with a single step vs multistep can provide important information about
amendable factors to be targeted for falls prevention intervenBatence recoverydéman
inducedforwardbalance perturbation was investigatsthg a ether Release methay
which in experimentally weltontrolled conditions participants could safely experience
significant unanticipated forward balance loss and their recovery responses precisely

measured’.
Methodology:

Twenty four participants with clinical symptoms of kr@a (50%females, mean +
SD age 68.6 + 6.2 years, height 1.7 £ 10 m, mass 80.7 £ 14.5 kg and body mass index (BMI)
of 27.7 £4.1 kg/rf) were recruitedknee OA was classified according to the American
College of Rhetimatology criterfA To be included in the study participants had to meet the
following criteria: (1) be aged 60 years(2) reported having pain for a period over six
months accompanied by stiffness and limited movement in the (@)eeport knee pain on

most days of the month, (4) report a minimum average pain score of 4 on an 11-point
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numerical rating scale in the past week (where 0 is no ‘no pain’ and 10 is ‘waerst pai
possible’), (5 be able to walk at least 45 m independerathd(6) with no uncontrolled
systemic disease, or a pggisting neurological or other orthopaedic conditifecting

lower limb function Patients with knee OA were recruited via advertisenmesmiocal
newsletter Allparticipants werdully informed about the nature of the study and signed a
consent form prior to participation. The study protocol was approydéde Human Research
Ethics Canmittee of Victoria University

Participants underwent balance recovery tasks and the following functiwhal a
strength testgimed up and go, four square step test, two minute walk test, stair climbing test,
proprioceptiortest, balance test argbkineticdynamometer. &ticipants alscompleted
health related quality of lifquestionnaires to assess pain, function, quality of life, fear of

falls and physical activity.
Balance recovery from a forward induced fall.

A previouslydescribed &therRelease apparatus was usethtiuce a forward faft®.
Participants-were comfortable everyday shaeda safetyharnessecured ogrhead to allow
unrestricted. movement to perform the testing protocol but in the evasiadbss of balance
preventfaling. Three force platesOne of AMTI model BP600900TT, Watertown, MA,
USA and two-of AMTI model BP508600TT, Watertown, MA, USA; 1B@Pwere located
in the data collection arda record ground reaction forces and to identify key events of the
recovery step response. Each forward leaning position at approximately 20% of body weight
wasrecorded using force transducer placed in sengish a horizontal restraining cable.
Previous research hasown a forward leaning positi@orresponding to a 20% body weight
to differentiate betweesingle and multstepresponderé®. Participants were instructed to
relax their muscle while leaning forward and to regain balance with a singlesstg the
stepping.eg.of.their choice once testrainingcable is released. One practidal at a lean
angle with™10% body weight was given followedthyeetesting trialsat 20% body weight.
Once 20%vofthe participantgeight wasegistered on the horizontal force transducer the
forward perturbation waisitiated viarandomly timed disconnection of power to an
electromagnetennected to the restrainiogble(Figure 1) The first trial is likely to be a
betterrepresentation atal world scenarisin which significant balance disturbance is an
unanticipated everit and was accepted for analysBochran's Qtest indicated no
differencesin the proportion between the two step responses (single vs muligrossthe
threerecordedtrials (3*(2) = 0.88, p = 0.64)The classification ofsingle steppé&rand
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“multiple stepperswasmadeusing criteria similar to Carty et @whereany second step of
the stepping limb or anterior progression of the non-stepping foot past the stepping foot
following its initial stepwas classifiecs multiple stepThe responding leg (right/left) was

also recorded.
Functional ‘and strength tests
Knee strength-and.proprioception measures

Maximal voluntary isometric andokineticknee extensiostrengthwas measurefbr
the responding,leg of the balance recovery uamgokinetic dynamometeBipdex multi
joint system. l}. Knee strengtlof the responding leggas assesseuhile sitting with the hip at
approximately 70° of hip flexion with the participant’s upper body, hips and thigh strapped to
reduce body movement. &lparticipants were givawo practice trials for each speetith
one minute resRarticipants were asked teniormtwo maximal isokinetic contractions at
90°s! and 180°3, with 60 s recovery between sets and three isometric contractiory £0°s
120° knee flexion. The highest value of each set was defined as the peakKoegie.
strength sceres:were norngad to the participant’s height and body weight to account for

differencesiin body size using tharhula:

strength (Nm)

. _ X
normalised strength [height (m) X bodyweight (N)] 109

Knee proprioceptiomasmeasured during sitting by matching the position of the legs
on either side of a clear plastic sheet with eyes clbsédy error in matching the limbs was

recorded indegrees. After 2 practice trials, the averafjg trialswasrecorded.

Function and balance tasks

The following functional and balance tasksreassessed:

(1) Timed up and go testparticipants requirgkto stand up from a chair, walk 3 metass
quickly and safely as possible, cross a line marked on the floor, turn around and walk back
and sit dowrf®.Fhe time taken to complete the tasksmeasured with a stopwatdBne

practice trial was given followed by twesttrials. The best scor@asused in the ralysis.

(2) The wo min walk testvasused to assess exercise tolergrcParticipantsvereasked to
walk overgroundas far as possibia 2 minutes. A 10 meter pathway was marked and

participants had to walk back and forth on a straight path for 2 minutes.
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(3) The Four Square Step Test (FS®akused to measure rapid dynamic weight shift and
stepping®. Participantsvererequired to step as fast as possible into 4 squares marked on the
floor (labelled 14) in agivensequence (starting frosguare 1 followed by 2,3,4,1,4,3,2 and
1). This sequence requires the participant to step forward, backward, and sidetlvays to

right andrleft:One practice trial was given followed by a test tridle scoravastime taken

to complete the sequence.

(4) Functional.Reach is a measure of dynamic bilateral stance reach perfofihance
Participantsvereasked to extend their right arm horizontally (approximate®y 86d then

reach as far forward as they can without losing their balance or taking a step. Each participant
wasgiven 2practice trial and three test trials. The se@®defined as the difference

between the initial position and the maximal reach distance. The best score was used for

analysis.

(5) A Stair'Climb testvasused as an objective measure of ambulatory functional limitation
which involves ascending and descending an isolated set of&tdire time required for

participants to ascerand descemh5 stepsvasrecorded.

(6) Posturalswaywasmeasured using a “Swayméteéhat recoréed mediolateral (M/L) and
anterior-posterior (A/P3waywhile standing on a medium density foam rubber mat (70 x 60
x 15 cm thickmess) with the eyes open and closed. The total excursion of the sway in each

directionwasmeasured to the nearastllimetres®..

Health related quality of life questionnaires

Joint pain:and function - Self-reported physical function, stiffness and pain of the

participantsvereassessed using the Western Ontario and McMasters University
Osteoarthtitis Index (WOMACY. The WOMAC is a selissessed diseaspecific measure

of patients,with gsteoarthritis of the knehich assesses the severity of the knee pain during
5 daily activities.and the severity of impairment of love&tremity function during 17
activities. The items are scored with the use of a 10cm visual analogue scale, where 0
represents nespain or difficultyith physical function with higher scores representing worse
functional*health.

Physical activity questionnaire - The Incidental And Planned Activity Questionnaire

(IPAQ) for older peoplevasused to assess the physical activity level of the participants

The IPAQ includes 10 questions that estimates the physical aciéty average week in
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the past 3 months and covers the frequency and duration of planned activity (planned exercise
and walking and incidental activities (casual deyday activities). The score was derived

from multiplying frequency score and durationrgcto create a total duration for incidental

and planned activity as well as an overall total score. Total time spent was summed across all

componentstand expressed as hours per week as detailed in Delba&te et al

Thefalls efficacy scale (Short FES) questionnairevasused to record the fear of

falling 3%, The.FESI consists of 7 items on Likert scale that score the participant’s level of
concern regarding the possibility of falling when performing certain daily activities. The total

score rangés ffom 7 (not concerned) to 28 (severe coritern)

Quality.ef life (QoL)— Quality of life wasmeasured using the sefiministered

Assessmemf Quality of Life (AQoL) utility instrument, which assesses quality of life over
five domains including illness, independent living, social retetidps, physical senses and
psychologieal'Well beind® . The Ltif score for each dimension and an overall utility score
range from O and lyhere O represents the worst health and 1 represents perfect health.

Previous falls-history

The number of falls the participants experienced in the preceding 12 months evesdec
Statistical analysis

Analysis of variance with Bonferromidjusted poshoc tests were used to assess the
differences between single steppers and multiple steppers for the following variables: knee
strength and proprioception, functional and baéatests and health related quality of life
qguestionnaires. The ngrarametric KruskalVallis test was used to compare between the
groups for the proprioception test as the values were or@iifidrences in participants
demographicgage, height, masBMI) were assessed using independeaass. Chi-square
tess wereused:to compare the differences in the number ofdallisgendebetween single
steppers and multiple steppeddl. statistical analyses were performed using IBM SPSS
Version 204(SPSS Inc, Chicago, IL, USA) and a p value less than 0.05 was considered
statistically'significant.

Results

Participants’ demographic data is presented in Tablerd participants (42%)
responded with a single step response while 14 (28%ged multiple steps responsko

significant differences were found for ageBMI between single steppers and the rpléti
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steppergp > 0.05; Table 1)Nine participants (64.3%) from the multiple steppers reported at
least one fall in the previous 12 months compared to 40% athersingle steppers (p =

0.16. The number of females was significantly (p = 0.04) greater in the multiple steppe
compared (64.3%) to the single steppers group (30%). f@tent otthe single stepper and
50% of the 'multiple steppetsed theiunaffected ledo initiate step

Multiple steppers demonstratagreater time for the up and go teé5(+ 1.1 and 6.4
+ 0.7 s;p.=.0.01)and the stair climb tes83 £ 3.0 and 6.5 + 1.6, p = 0.05) and reduced
distance during.the 2 min walk test (153.1 + 18.7 and 185.5 £ 24.9 m; p = 0.001) as shown in
Table 2 Sgnificantly reducedstrength was also demonstrated for the multiple steppers
during the iSokinetic knee extension strertgttat 180°8 (3.5 + 1.4 and 4.8 + 1.0 %BW
*Height ; p = 0.02)with no significantdifferencesn the other isokinetic knee extension
velocity orisometric tests (p8.05). No significant differences were found in the other

functional or balance tests (Table 2).

No significant differences were found in the quality of life, fear of falls, WOMAC
subscales of pain, function and stiffness or the overall score (Table 2). Howewsangtae
steppers reported spending significantly greater time doing planned physically &ptivi
0.01).

Discussion

People:with kne®A have approximately.5 timesthe risk of falling compared to
community'dwelling older adults who do not have knee®®A*. Several risk factors have
been suggested to contribute to the increased risk of falling in this group but the underlying
mechanism remainsnclear. The ability to recover balance from a perturbatias
hypothesised toassist in better understantfiagphysiological factors associated with fatls
people with knee OA. This study found that 58% ofpldicipantsesponded with a
multiple-step respose when required to recover balance from an induced forward
perturbationMore females responded with a multiptep response compared to males.
Moreoverjithe multiple steppers demonstrated impaired funeedncedstrengthand were

lessphysically active compared to the singleppers.

Thecapacity to employ adaptive stepping responses to maintain balance following a
significant perturbation is an essential biomechanical respgormmsevent faihg. A rapid
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compensatory stegssists irmaintainng balance by generating muscle torque at the lower
limb joints. Such a task requires a coordinated neuromuscular control which may leslreduc
in older peopl€’. Previous reports indicate thatltiple step balance respossey older
peoplepredict future fak 2. In the present studyor the specific perturbation tested, 58% of
the participants'responded with a multiple-step respomssistent withprevious reports
(50%-61%)***° Moreover, similar ta previous report, a greater proportion of females
recovered witfa mtiltiple step respong® Furthermore, 64% of the multi steppers had
sustainedt least one fall in in the preceding year, compared to only 40% of the single
steppersWhile this difference was not significant the relatively high number of fallers in the
multi steppergiroup might suggest a link between the stepping response strategy and the
participants’ fallshistory. Gven the cross sectional study desggnployed here, howevex,
causal relationship cannot be infergel prospective studies are required to confirm this

association

Pain*has'beereportedas an important risk factor for falls wheralf of older adults
with pain repertedne or more falls in the past 12 months compared to older adults without
pain“®. Musculoskeletal knee paisuch as in knee QAnay predispose to falls as it
contributes to Muscle weakness and mobility limitaffoiiowever, the location of pain in
the lower limband the association with falls has been reportée imconsistentsuggesting
that kneepain might be associated with increased risk of falls predominantlyhehgaart is
severe or chroni®. In the present study no difference in pain was observed for the multi
steppers compared to the single steppende differences exisdd on several functional tests.
The pain levekas determined by WOMAC vadrietween the participangd ranged from
mild to moderate.

Despite no differences in pain, multi steppers showed reduced function in tbe time
up and go.test, 2 min walk test astdirclimbs. These functional tests measure ambulatory
functional limitationandsuggest greater disability and impairment in the multi steppers.
Interestingly, the static balance measures did not differ between the .gGies the
dynamic balanceespnse needed during the induced forward fall, the static balance tests

might nottbeelevantto detect differencesuring dynamic situations between the grotfps

Muscle weaknesis another important risk factors for faffs Peoplewith knee OA
often demonstrate reduced quadriceps muscle str&hdththe present study the multi
steppershowed reduced isokinetic quadriceps strength at a speed of t8dipared to the

single stepperbut no significantifferences in muscle strength were obseraedther
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speedsA strong trend, however was observed for reduced isometric knee strength for the
multi steppers (p = 0.06]he ability to recover balance requires rapid reaction where both
strength and speete importanto prevent a fajlit mightthereforeexplain why differences
were observed dhe highest speed of quadriceps muscle strength. In a recent study, knee
extensionrstrength was foundgredict amulti-stepstrategy duringan induced forwardadl,
indicating older adults with weaker knee extensors had greater difficulty ane&ddopalti-
steprecovery® Cofisequently, quadricepsengthis important for stability contrakhere the
muscle is required to generate jgiatwer for adequate dynamic stability durengpalance
disturbing situation to arrest a fll It is also important to note that muscle weakness around
the hip and,ankle might also play a role in contributing to falls. Given that neuromuscular
deficit, espedlly:quadriceps weakness prominent in knee OA, it may contribute to the

high rate of falls experienced in people with knee OA.

Physical activity falls and fear of fallinghave a complex relationshiphysical
activity is required to provide neuromuscular functioning that is necessary to maintain
balance anditorreact to prevent a fall. However, a higher level of physical activity may also
imply a gréater exposure to environmental hazards whicpai@ntiallylead to #all *°. Fear
of falling is also a factor contributing to reduced physical activity in older pesplkehas
been recognised as a common problem in older people and in those with lower lintil,arthri
with serious'consequences in relation to loss of confidence, reduced activity arfd loss o
independenc& **8, Pain may also increase older adultk of developing fear of falling
and avoidincactivities due to fear dlling *°. Given thesuggesteihteracton between fea
of falling andspain and that no differences in pain were found, it may explain the lack of
significantdifference in fear of fallingetween multiple and single steppers. Howexer,
prospectiverstudy is required to further examine suctioeiship We found that multiple
steppersweressignificantly less physically active but hsichdar (mild) fear of faling score
when compared to single steppers. Moreover, both groups showed similar level of daily
activities (incidental activitiesfConsequently he increased level of planned physical activity
in the single steppers might explain the increased muscle strength and bettendlncti
outcomesiemonstrated bthis group Given the beneficial effect of exercisgerventionfor

falls prewention, being more physically active might provide a preventative effdetlen

While this study provides useful information to better understand falls in people with
knee OA several limitationgareacknowledgedrirstly, a significant disparity in gender

between the two groups wpeesentwvhere more females responded in multiple steps.
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However due to the relatively small sample size a comparison between the genders could not
have been performed. Future studies with a larger sample size of people with knee OA a
needed to compare the balance response between the genders as well as people with different
pain levelsMoreover, the results of the study are relevant for the present group with knee

OA who'had'mild pain level (as indicated by the WOMAC). However, the recovery step
response might be different for patients with higher reported pain level or different level of

OA severity’In the present study the use of psychotropic drugs has not been controlled or
recorded, however given the possible influence of psychotropic drugs on balance
performance?’, this should be recorded. Lastlgll$ in older people usually result from an
interaction.of multiple factordothextrinsic (environmental) and intrinsic (individual

related). In‘this study we investigated the response of people with knee OA duringual forw
induced fall'which is mainly related to falls associated w#lance los While balance loss

is one of the most common causes for fall, other causes may also contribute to thedincrease
risk of falls inpeople with knee OA angéquiresfurther investigationg=urther research is

also required to investigate the mechanism associated with falls during forward fall scenarios
to better understand the ability of people with knee OA to respond to avoid falling and the

neuromuscular.changes that contribute to dynamic balance deficits

Conclusion

Multiple steps balance response during an induced forward fall may be predictive of
future falls. In the present study, approximately 60% of the participants with kaee O
responded with @ multiplsteps responsehile recoveing balancefrom an induced forward
fall. Multiple steers demonstrated impairguhysical function, reduced isokinetic knee
strengthand were lesphysically active compared to the single stepp@igen the high
prevalence.offalls in people with knee OA, further studieseaeired to better understand
the ability of‘people with knee OA to respondatialls ‘challenge’and the neuromuscular
changes thateontribute to dynamic balance defitits may offer a potential target for falls

preventionsin this population.
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Figure legend

Figure 1: The TetheRelease method of balance recovery from an induced forward fall.

Participants'were placed in a forward lean angle waitthorizontal force transducekn

electromagnet was connected to a restraining cable which was randomly disaboneete

forward perturbation was initiated.

Table 1: Participant characteristics, values reported as fsnstandard deviation.

Parameters Single steppers (n=10)Multiple steppers P value
(n=14)

Age (yr) 66.8 + 5.7 70 +6.5 0.22

Genderg% F(n) 30% (3) 64.3% (9) 0.04*

Height (m) 1.7+0.1 16+0.1 0.23

Body mass (kg) 77.8+13.5 82.8+15.3 0.41
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Body mass index |26.1+2.3 289+47 0.09
(kg/n)

Responding leg: 40% (4) 50% (7)
affected "% (n)

Falls in previous=12| 40% (4) 64.3% (9) 0.16

months %._(n)

*Significant level p < 0.05

Table 2: Differences in function, strength and health related quality of lifeunesasetween

single steppers and multiple steppers.

Parameters Single steppers (n=10)Multiple steppers P value
(n=14)

Functiondand balance tests
Timed up-and go (s) 6.4 +0.7 75+1.1 0.01*
2- min walk test (m)| 185.5 + 24.9 153.1 +18.7 0.001*
FEST (s) 715+1.1 8.1+1.1 0.06
Functional Reach | 29.6 +5.6 31545 0.37
(cm)
Stair climi(s) 6.5+1.0 8.3+£3.0 0.05*
Postural sway M/L | 19.7 £ 13.9 21.7+9.8 0.68
eyes open (mm)
Postural sway A/P | 18.7 £ 9.9 20.0+7.3 0.71

eyes open (mm)
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Postural sway M/L | 40.1 £29.4 30.9+135 0.31
—eyes closed (mm)
Postural sway A/P | 42.9 +12.2 45.1+154 0.70
eyes closed(mm)
Strength and proprioception
tlsokinetic-Knee 6.2+19 50+25 0.21
strength90°s*
tlsokinetic Knee | 4.8 +1.0 35+x14 0.02*
strength180°s"
tlsometric Knee 84+14 6.8+2.1 0.06
strengthl20Q°
Proprioception 2.2+1.4 1.8+0.7 0.31
Healthrelated quality of life
AQoL 0.7+0.1 0.7+0.1 0.84
IPAQ total 31.8+15.4 26.1+17.3 0.41
IPAQ incidental 25.1+13.6 23.19+18.3 0.77
IPAQ planned 6.7+4.6 2.9+2.1 0.01*
FESI 9.9+2.6 10.5+2.7 0.55
WOMAC pain 171.7+241.2 249.8+339.1 0.54
WOMAC stiffness | 46.8+50.4 61.5+30.6 0.38
WOMAC function | 225.9+£185.7 384.1+276.1 0.13
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WOMAC total 444.4+402.0 695.57+579.7 0.25

*Significant level p < 0.05; values are presented as mean + standard deviation.

TAll knee strength measures are reported as %BW *Height and are for the responding leg

during the balance recovery test.

Abbreviation:sESST- The Four Square Step Test ; postural sway Wkdial lateral
direction; A/R anterior posterior direction; AQelAssessment of quality of life; IPAQ
Incidental and Planned Activity Questionnaire; HESShort Falls Efficacy Scale
International; WOMAG- Western Ontario and McMaster University Osteoarthritis Index;

PPA- Physiolegical Profile Assessment.
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