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Abstract

Background Knee osteoarthritis (OA) and fear of falling (FoF) are important factors contributing to trunk oscillation during
walking. It is of a clinical importance to clarify the association of FoF with trunk oscillation during walking in older adults
with knee OA (knee OA adults).

Aim The purpose of this study was to investigate the association of FoF with trunk oscillation during walking in knee OA
adults.

Methods Forty-one patients who met the criteria participated in the study and were classified into two groups based on their
answer to a question on FoF. An accelerometer was attached at the level of the third lumbar vertebra (L3) and the seventh
cervical vertebra (C7), and the accelerations at L3 and C7 were measured during a 10-m gait test. Using these data, the
acceleration-derived gait indices, such as stride time variability (STV), root mean square (RMS), and autocorrelation at the
trunk in the anteroposterior (AP) and mediolateral (ML) directions, were computed.

Results FoF was associated with a higher STV value and a smaller RMS value in the ML direction at L3.

Discussion The decreased trunk oscillation in the ML direction in knee OA adults with FoF may reflect a positive, com-
pensatory adaptation for trunk control.

Conclusion Knee OA adults with FoF decreased trunk oscillation during walking than those without FoF.
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Introduction

Fear of falling (FoF) is defined as a lack of self-confidence
in performing normal activities without falling [1]. FoF is
common in older adults, with an estimated prevalence rate
<4 Tomohiro Oka of >20%, and is a major risk factor for falling in older adults

tomohiro1986640@yahoo.co.jp [2]. Moreover, it is a clinical factor that contributes to gait
changes in older adults. Previous studies have reported that
gait changes due to FoF include slower gait speed, shorter

Department of Rehabilitation, Anshin Hospital, 1-4-12,
Minatojima Minamimachi, Chuo-ku, Kobe City,

Hyogo 650-0047, Japan stride length, increased step width, and prolonged need for
2 Department of Community Health Sciences, Kobe University d.ouble limb support [2_4] as Well_ as lower tl.‘unk ﬂuCt.ua'
Graduate School of Health Science, 7-10-2, Tomogaoka, tions [5-7], thereby leading to an increased risk of falling
Suma-ku, Kobe City, Hyogo 654-0142, Japan among older adults [8, 9]. Lower trunk oscillation was
3 Department of Medical Rehabilitation, Faculty greater among older adults with FoF than in those without
of Rehabilitation, Kobe Gakuin University, 518 FoF [5-7]. Thus, investigating the association of FoF with
Ikawadanicho, Arise, Nishi-ku, Kobe City 651-2180, Japan trunk oscillation during walking is of clinical importance.
4 Faculty of Medical Rehabilitation, Kobe Gakuin University Knee osteoarthritis (OA) is a common orthopedic dis-

Graduate School, 518 Tkawadanicho, Arise, Nishi-ku,

) ease among older adults. Older adults with knee OA (knee
Kobe City 651-2180, Japan

OA adults) exhibit typical gait pattern changes, such as

Department of Rehabilitation, Itami Kousei Neurosurgical slower gait speed, shorter step length, wider step width, and

Hospital, Itami, Japan

@ Springer


http://orcid.org/0000-0002-3279-3872
http://crossmark.crossref.org/dialog/?doi=10.1007/s40520-018-1022-x&domain=pdf

646

Aging Clinical and Experimental Research (2019) 31:645-651

higher stride time variability [10—13]; trunk motion changes
increased lateral trunk sway; and fluctuating trunk oscilla-
tion during walking [13, 14]. Importantly, knee OA adults
are more prone to develop FoF and falling [15-18] than
normal adults. These reports indicate that some knee OA
adults with FoF might experience difficulties during walking
because of their efforts to control trunk oscillation. However,
the association of FoF with trunk oscillation during walking
is poorly understood.

In the present study, we measured the upper and lower
trunk oscillation during walking in knee OA adults using
accelerometers. We then computed the acceleration-derived
gait indices, such as stride time variability (STV), root mean
square (RMS), and autocorrelation (AC), and investigated
the association of FoF with each acceleration-derived gait
index. Our hypothesis was that knee OA adults with FoF
have increased trunk oscillation during walking.

Methods
Participants

Forty-six women with knee OA who were scheduled to
undergo unilateral total knee arthroplasty at an orthopedic
clinic were recruited. These participants were categorized
as grade 3 or 4 on the basis of the Kellgren and Lawrence
radiographic grading system (K/L grade). The inclusion
criteria were as follows: (1) medial OA and (2) no symp-
toms in the hip, ankle, or contralateral knee joint during
walking. The exclusion criteria were as follows: (1) neuro-
logical conditions such as Parkinson’s disease or stroke, (2)
walking with the use of a cane or other gait-assisting tools,
and (3) rheumatoid arthritis. Forty-one women who met the
criteria participated in this study and were classified into
two groups on the basis of their answer to the following
question on FoF: “Are you afraid of falling? Yes/No” [19,
20]. Participants who responded with “Yes” were assigned
to the knee OA + FoF group, and those who responded with
“No” were assigned to the knee OA group. This format is
advantageous in that it is straightforward and helps easily
generate prevalence estimates [19, 20]. The ethics committee
of the Anshin Hospital approved all procedures performed
in this study before testing, and all participants provided a
written informed consent in accordance with the Declaration
of Helsinki before participating.

Gait measurement
Accelerometer

Triaxial accelerometers (MVP-RF8-HC; Microstone Co.,
Nagano, Japan) were attached at the level of the third lumbar
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vertebra (L3) and the seventh cervical vertebra (C7) using
a Velcro belt and a surgical tape, respectively (Fig. 1). L3
represents the lower trunk because its location was reported
to be approximate to the center of the mass [21], whereas C7
represents the upper trunk because its location was approxi-
mately halfway between the head and the trunk [22]. The
X and Y axis accelerometers were attached along the anter-
oposterior (AP) and mediolateral (ML) directions, in the
traveling direction, respectively. Prior to the measurement,
the accelerometers were calibrated against gravity on a flat
floor to correct any potential effect of inclination. All signals
were sampled at 200 Hz and synchronously and wirelessly
transferred to a personal computer via a Bluetooth personal
area network.

Gait measurement

Gait measurements were conducted twice for each partici-
pant. All participants were instructed to walk at their pre-
ferred speed along a 16-m smooth, horizontal walkway. A
10-m section of the walkway was marked off by two lines
positioned 3 m from each end to allow space and time for
acceleration and deceleration. The time taken to complete
the middle 10-m distance was recorded to the nearest hun-
dredth of a second using a stopwatch.

Signal processing

Signal processing was performed using MATLAB (The
Math-Works Co., Release 2008, Cybernet Systems Co.,

C7

L3

Fig. 1 Location of accelerometers at the trunk
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Ltd., Tokyo, Japan). Prior to the analysis, all acceleration
data were high- and low-pass filtered with a cutoff fre-
quency of 1 Hz and 20 Hz, respectively. The timing of heel
contacts was identified by sharp peaks of acceleration at
the lower trunk [23]. Stride time was defined by the time
between one heel contact and the next heel contact. Using
this method, we obtained the data of stride time in several
steps during 10-m walking. Subsequently, STV was calcu-
lated by determining the standard deviation (SD) and mean
of each patient’s stride time using the following formula:
[STV =(SD/mean) x 100%] [24]. A smaller STV value
shows better stability during gait [23]. RMS of acceleration
signals was calculated at L3 and C7 in the AP and ML direc-
tions. An unbiased AC is an estimate value of the regularity
of a time series by cross-correlation with itself at a given
time shift, independent of the amount of data managed [25].
A perfect replication of the gait cycle signal between neigh-
boring strides will return an AC of 1, whereas no associa-
tion will give a coefficient of 0. The results of the two trials
were averaged to obtain the gait speed, STV, RMS, and AC
of stride.

Measurements of physical functions
Knee extensor strength

The maximal isometric strength of knee extensors was meas-
ured using a hand-held dynamometer (uTas F1; ANIMA,
Chofu, Japan). The details of the measurements are previ-
ously described [26]. The peak torque (Nm) was estimated
as the product of force and lever-arm length. Two attempts at
maximal contraction were performed, and the greater value
was recorded and normalized according to the body weight
(Nm/kg).

Pain

A numeric rating scale (NRS) is a valid and reliable instru-
ment used in clinical practice because of its good sensitiv-
ity [27]. NRS was used to quantify knee pain during the
gait measurement. Immediately after the gait measurement,
patients were asked to verbally rate the pain on a scale rang-
ing from O to 10, with O representing no pain and 10 repre-
senting the worst pain imaginable.

Statistical analysis

Continuous variables were expressed as mean + SD, and
ordinal variables were expressed as number (%). Normal
distributions of all continuous data were confirmed using
the Shapiro—Wilk test. Participants’ characteristics and gait
parameters were compared between the knee OA + FoF and
knee OA groups. Parametric and nonparametric values were

compared using the unpaired ¢ test and the Mann—Whitney U
test, respectively, and nominal values were compared using
the Chi square test. For the gait parameters that showed a
significant difference in the bivariate analyses, multiple lin-
ear regression analyses were performed to investigate the
association of FoF with gait parameters. Age, gait speed, and
STV were considered potential confounders. The statistical
significance level was set at p <0.05 for all analyses. All
analyses were performed using SPSS for Windows 21.0.0
version (IBM, Tokyo, Japan).

Results

Twenty (49%) participants were classified as the knee OA
group and 21 (51%) participants were classified as the knee
OA +FoF group. In the demographic data shown in Table 1,
no significant differences in participants’ characteristics,
physical functions, and pain were observed between the
two groups.

Results for general gait parameters and acceleration-
derived gait indices are shown in Table 2. The STV value
was significantly higher (p =0.03) and RMS at L3 in the
ML direction was significantly smaller (p=0.01) in the knee
OA +FoF group than in the knee OA group. Results for mul-
tilinear regression models are shown in Table 3. STV and
RMS at L3 in the ML direction were associated with FoF,
independent of age and gait speed in Model 2(STV, standard
£=0.33, p=0.03; RMS at L3 in the ML direction, standard
p=-0.32, p=0.02). RMS at L3 in the ML direction was
not associated with FoF, independent of age, gait speed, and
STV in Model 3(standard f=—0.26, p=0.07).

Discussion

FoF is a contributing factor to fluctuate trunk oscillation
during walking. Knee OA adults exhibit a typical lateral
sway gait disorder, and some of them suffer from FoF. It
is of a clinical importance to clarify the association of FoF
with trunk oscillation during walking in knee OA adults.
In the present study, we investigated the association of FoF
with acceleration-derived gait indices, such as STV, RMS,
and stride AC at the upper and lower trunks, during walk-
ing in knee OA adults. The primary results showed that FoF
was significantly associated with a higher STV value and a
smaller RMS value at L3 in the ML direction. The strength
of our study was that all participants were knee OA adults.
To the best of our knowledge, this study was the first to
investigate an association of FoF with trunk oscillation dur-
ing walking in knee OA adults.

Previous studies have reported that older adults with FoF
exhibit higher STV value than those without FoF [28]. The
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Table 1 Demographic data of

o . Variables All partici- Knee OA Knee OA+FoF  p value
participants in the No-FoF and pants (n=41) group (1=20) group (n=21)
FoF groups
Age (years) 72.2+7.0 71.4+6.9 73.1+£72 0.45
Height (cm) 151.1+4.6 151.4+4.9 150.9+4.3 0.71
Weight (kg) 59.5+10.0 61.6+12.6 57.5+6.2 0.20
BMI (kg/m?) 26.0+4.1 26.8+4.9 253+29 0.24
Grade of OA in the involved limb, n (%) 0.42
Grade 3 6 (14.6) 4(20.0) 2(9.5)
Grade 4 35(85.4) 16 (80.0) 19 (90.5)
Grade of OA in the uninvolved limb, n (%) 0.85
TKA treatment 16 (39.0) 8 (40.0) 6 (28.6)
Grade 1 3(7.3) 1(5.0) 2(9.5)
Grade 2 5(12.2) 2 (10.0) 3(14.3)
Grade 3 3(7.3) 2 (10.0) 1(4.8)
Grade 4 16 (39.0) 7(35.0) 9 (42.8)
History of falling in the previous year (%) 10 (24.4) 5(25.0) 5(23.8) 0.93
Quadriceps strength (Nm/kg)
Involved limb 0.77+0.24 0.77+0.23 0.77+0.26 0.98
Uninvolved limb 0.90+0.27 0.87+0.26 0.94+0.27 0.43
Pain, score 5.32+2.22 5.30+2.32 5.33+2.18 0.96

Continuous variables are expressed as mean =+ standard deviation, and ordinal variables are expressed as

number (%)

BMI Body mass index, OA osteoarthritis, TKA total knee arthroplasty, Knee OA group knee OA adults
without fear of falling, Knee OA + FoF group knee OA adults with fear of falling

Table 2 General gait parameters Variables

- : . All participants Knee OA group Knee OA +FoF group p value

.fmd. acc§lerat10n—der1ved gait (n=41) (n=20) (n=21)

indices in the No-FoF and FoF

groups Gait speed (m/s) 1.07+0.15 1.09+0.17 1.05+0.14 0.45
Cadence (step/s) 2.08+0.35 2.03+0.30 2.13+0.39 0.37
Step length (m/step) 0.52+0.07 0.54+0.07 0.50+0.07 0.09
STV (%) 5.33+3.55 3.98+242 6.47+3.86 0.03
RMS at C7 AP (m/s?) 1.04+0.28 1.10+0.31 0.98+0.27 0.10
RMS at C7 ML (m/s?) 1.32+0.45 1.38+0.47 1.27+0.44 0.57
RMS at L3 AP (m/s?) 1.69+0.40 1.77+0.43 1.62+0.38 0.23
RMS at L3 ML (m/s?) 1.51+0.41 1.66+0.48 1.35+0.28 0.01
Stride AC at C7 AP 0.74+0.12 0.75+0.10 0.72+0.14 0.36
Stride AC at C7 ML 0.82+0.06 0.81+0.06 0.83+0.05 0.27
Stride AC at L3 AP 0.83+0.08 0.83+0.08 0.83+0.08 0.96
Stride AC at L3 ML 0.61+0.15 0.61+0.13 0.62+0.17 0.66

Data are expressed as mean + standard deviations

Parametric values were compared using the unpaired 7 test, and nonparametric values were compared using

the Mann—Whitney U test

L3 Third lumbar vertebra, C7 seventh cervical vertebra, AP anteroposterior, ML mediolateral, STV stride
time variability, RMS root mean square, AC autocorrelation coefficient, Knee OA group knee OA adults
without fear of falling, Knee OA + FoF group knee OA adults with fear of falling

present study indicates that FoF was associated with step  suggests that FoF plays a potential role in decreasing trunk
fluctuations in knee OA adults, supporting the result of the  oscillation and does not support the hypothesis that knee
previous research. However, interestingly, lower trunk oscil- ~ OA adults with FoF have increased trunk oscillation during
lation in the ML direction was significantly decreased in the =~ walking. A potential explanation for these results is that knee
knee OA + FoF group than in the knee OA group, which ~ OA adults exhibit a decline in balance ability and have a
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Table 3 Association of fear of falling with trunk oscillation in older adults with knee osteoarthritis
Model independ-  Dependent variables
ent variables
RMS at C7 AP RMS at C7 ML RMS at L3 AP RMS at L3 ML STV
Standard S (p value) Standard S (p value) Standard S (p value) Standard S (p value) Standard S (p value)
Model 1
FoF —0.26 (0.10) —0.12 (0.46) —0.19 (0.23) —0.31 (0.01) 0.37 (0.02)
Adjusted R? 0.04 —-0.01 0.01 0.12 0.13
Model 2
FoF —0.19 (0.14) —0.15 (0.53) —0.09 (0.31) —-0.32 (0.02) 0.33 (0.03)
Age 0.03 (0.81) —0.13 (0.44) 0.02 (0.82) —0.07 (0.62) 0.03 (0.84)
Gait speed 0.64 (<0.01) —0.003 (0.98) 0.84 (<0.00) 0.43 (0.001) —0.28 (0.08)
Adjusted R? 0.41 —-0.05 0.70 0.30 0.16
Model 3
FoF —-0.19(0.17) —-0.10 (0.57) —0.09 (0.38) —0.26 (0.07)
Age 0.03 (0.81) —0.13 (0.45) 0.02 (0.82) —0.,66 (0.65)
Gait speed 0.64 (<0.01) —0.003 (0.99) 0.85 (<0.00) 0.38 (0.01)
STV 0.00 (0.99) 0.001 (0.99) —0.02 (0.87) —0.17 (0.25)
Adjusted R? 0.39 —-0.08 0.69 0.30

Model 2 was adjusted for age and gait speed using a general linear regression model

Model 3 was adjusted for age, gait speed and STV using a general linear regression model

L3 Third lumbar vertebra, C7 seventh cervical vertebra, AP anteroposterior, ML mediolateral, STV stride time variability, RMS root mean square,

AC autocorrelation coefficient

higher risk of falling [29, 30]. Donoghue et al. have reported
that FoF-associated gait adaptations may be partly attributed
to stabilizing strategies [4]. Therefore, the development of
FoF may play a compensatory role in trunk control in knee
OA-derived decline in balance ability. The decreased trunk
oscillation in the ML direction in knee OA adults with FoF
may reflect a positive, compensatory adaptation for trunk
control. Additionally, based on the results of multi regres-
sion analysis, STV affected RMS at L3 in the ML direction,
which indicates that an increased STV associated with FoF
may lead to decreased RMS at L3 in the ML direction.

Another important finding was that RMS at L3 in the ML
direction was significantly decreased in the knee OA + FoF
group, whereas RMS at C7 in the ML direction was not sig-
nificantly decreased between the two groups. These results
suggest that upper trunk oscillation in the ML direction was
not affected by FoF. It was considered the influence of the
trunk motion in the ML direction, which is a typical gait
disorder in knee OA adults [13, 14]. In this population, the
lateral trunk motion was increased to reduce knee pain when
varus moment became larger during walking [28]. Our par-
ticipants also had severe knee OA classified as K/L grade 3
or 4. Considering that RMS at C7 in the ML direction did
not differ between the two groups, the influence of knee
pain-derived lateral trunk motion during walking was higher
than that of FoF at C7 in the ML direction.

Several limitations have been identified in this study.
First, the limitations of our study designs included

cross-sectional design, selection bias, and convenience
sampling. During convenience sampling, we excluded
patients requiring cane or other gait-assessing tools that
affect trunk oscillation during walking. Additionally, we
did not discuss the causal association between FoF and
trunk oscillation during walking. Therefore, future stud-
ies should include a larger sample size, a wide range of
patients, and a longitudinal design. Second, FoF was
assessed using a simple question. Although this assess-
ment tool has been validated [19], other more complex
assessment tools would provide more information regard-
ing the degree of FoF or sub-analyses [31]. Further stud-
ies should be conducted based on complex questionnaires
such as the FES-I or ABC. In addition, FoF was different
among cultures and genders. The prevalence of falling in
our study was relatively lower than that in previous studies
[32, 33]. Therefore, our results may not be generalizable to
knee OA adults as a whole group. Finally, other potential
confounders such as balance ability and mental status were
not measured. Previous studies reported that gait variabil-
ity such as STV and RMS were correlated with balance
ability and mental status [34, 35]. Further studies should
be conducted on a wide range of patients to determine
whether our results can be generalized and should be based
on the guidelines by Zilkstra et al., who have reported on
interventions to reduce fear of falling and on the associa-
tion between activity restriction and fear of falling [36].
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