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Abstract

Regular exercise is effective for improving physical functions and pain relief in patients with lumbar and lower-
limb osteoarthritis. However, some of the patients have difficulty in performing land-based exercises due to disease
status. This study focused on defensive style Nordic walking as a land-based exercise the patients can perform and
aimed to investigate the effects of defensive style Nordic walking intervention on functional performance and pain in
patients with lumbar and lower-limb osteoarthritis with low walking capacity. After 10 weeks of non-intervention,
thirteen patients participated in the defensive style Nordic walking intervention for 10 weeks. The sixty-minute Nordic
walking exercise was conducted once a week. Self-reported maximum walking distance without a break of the
patients was less than 1 km and eight patients usually use a cane while walking. Functional performance
measurement was conducted before non-intervention, after non-intervention (before intervention), and after
intervention periods. Pain was measured using visual analog scale before and after each exercise session. Indices
to estimate mobility, lower-limb muscle strength, and balance ability were improved by the intervention as compared
with the non-intervention. Pain score decreased immediately after one session of defensive style Nordic walking and
throughout the intervention period. These results suggest that the defensive style Nordic walking is an effective land-
based exercise to improve mobility, lower-limb muscle strength, balance, and pain relief in patients with lumbar and
lower-limb osteoarthritis with low walking capacity.

walking with two poles, which is called Nordic walking (NW), as a
land-based exercise for patients with OA. During NW, arms and legs
move alternately: when the left foot is forward, the right hand is also
forward and the pole held with the right hand is planted, and vice
versa. In most of cases, walkers push the poles obliquely backward and
gain propulsive force, which leads to increase in arm muscle activation

Keywords: Nordic walking; Osteoarthritis; Functional performance;
Pain

Abbreviations: OA: Osteoarthritis; NW: Nordic Walking; ADL:
Ability of Daily Living; SD: Standard Deviation; TUG: Timed Up and
Go; FR: Functional Reach; COP: Center of Pressure; VAS: Visual

Analog Scale; ANOVA: Analysis of Variance; EIA: Exercise-Induced
Analgesia

Introduction

Osteoarthritis (OA) in the lumbar and lower limbs causes impaired
physical functions and pain [1,2]. Combined with physiological aging,
these physical conditions deteriorate walking capacity and activities of
daily living (ADL) [2,3], which may lead to disabilities and need for
nursing care [1,4].

Exercise is one of the effective interventions to improve physical
functions and reduce pain for patients with OA [5]. Aquatic exercises
are recommended for patients with OA, as they can be performed
under low-gravity conditions with low impact on the joints.
Meanwhile, land-based exercises have the advantage that patients can
perform the exercises inside or near patients’ house, which requires
less trouble of getting out to pool facilities. However, land-based
exercises are often difficult for patients with OA, especially those with
severe symptoms, due to multiple factors, such as pain, limited range of
motion, low muscle strength, and fear of falling. We focused on

(6], wider stride length [7], and eventually higher heart rate and energy
expenditure [8,9] compared to normal walking. In this technique,
using dedicated poles, the arm is outstretched and the palm of the
hand is opened to release the pole after pushing it backward (pole
backward style NW). Another technique of using the poles in NW is to
stretch an arm forward and plant a pole straight in front of the body.
This method is similar to using sticks and canes as walking aids for
individuals with difficulty in walking. It is called defensive style NW or
pole walking.

Most of studies on NW have been conducted using the pole
backward style NW and few studies with the defensive style NW. These
studies reported that vertical ground reaction forces [7,10], vertical
knee joint compressive forces [7], and knee varus moment [10] during
defensive style NW were lower than those during normal walking,
although there is no consensus about the reduction of joint load during
pole backward style NW. Therefore, defensive style NW can be a
suitable land-based exercise for patients with OA with reduced load on
joints in the lumbar and lower limbs.
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To the best of our knowledge, there have been no reports
investigating the effects of defensive style NW intervention in patients
with OA. With regard to pole backward style NW, a study recently
reported that more than 3.0 km NW at an intensity of 12-14 on the
Borg scale of perceived exertion (around “somewhat hard”) for 4
months improved functional performance, mental health, and pain
relief in patients with hip OA [11]. In general, some OA patients can
implement this intervention, but others may not due to impaired
walking capacity (e.g., difficulty in walking long distances at moderate
intensity). Therefore, the present study aimed to investigate the effects
of defensive style NW on functional performance and pain in patients
with lumbar and lower-limb OA with low walking capacity.

To prevent the worsening of symptoms due to exercise, we provided
supervised and reduced amount of intervention. Therefore, we did not
expect to observe the effects of aerobic exercise, such as increase in
aerobic capacity and reduction of body fat and serum lipid
concentration, but the effects on functional performance, including
mobility, lower-limb muscle strength, and balance ability, and pain
relief were investigated.

Previous studies on normal walking intervention for patients with
knee OA reported improvement in maximal walking speed [12], stride
length [12], lower-limb muscle strength [13,14], postural sway during
quiet standing [15], and pain relief [13,16,17]. Another study
demonstrated improvement in 50-foot walking time and pain relief
after a 12-week normal walking intervention in patients with
rheumatoid arthritis and lower-limb OA [18]. Additionally, a review
article recommended walking exercise to reduce chronic
musculoskeletal pain [19].

Pole backward style NW also improved 8-foot Up and Go score, 30-
s chair stand test, and pain relief in patients with hip OA [11]. For
patients with Parkinson’s disease, NW intervention improved maximal
walking speed [20,21], Timed Up and Go (TUG) score [20,22], balance
ability [21,22], and pain relief [21]. Based on these previous studies,
although they did not use defensive style NW, we hypothesized that
defensive style NW intervention had the potential to improve
functional performance and reduce pain in patients with lumbar and
lower-limb OA. It is important to improve functional performance and
reduce pain for patients with OA because these factors are closely
related to ADL [2,3].

Materials and Methods

Participants

Patients were recruited through advertisement at some senior
centres, adult day cares, and in local newspapers. The eligibility criteria
were patients who had a diagnosis of OA in the knee, hip, or lumbar,
had difficulty in walking long distances, and did not have
cardiovascular disease. Among 28 applicants, patients who had
complications with neurological diseases (post-polio syndrome n=2;
contusio cerebri n=1; cerebral infarction n=1) and whose self-reported
walking distance without break was more than 2-3 km (n=9) were
excluded from our study population. Two patients withdrew their
application after they got detailed explanation. Finally, 13 patients (2
males and 11 females) volunteered to participate in this study (lumbar
spinal canal stenosis n=4; knee OA n=4; hip OA n=5). Eight of them
usually used a cane while walking. The average age, height, and weight
of the subjects were 71.0 * 8.2 years (means + SD), 152.2 + 3.8 cm, and
54.9 + 9.6 kg, respectively. All participants were inexperienced in NW.

The study was designed and conducted according to the Helsinki
Declaration and was approved by the Research Ethics Committee of
the University of Tokyo. Written informed consent was obtained from
all subjects prior to the commencement of the study.

Protocol and study design

The defensive style NW intervention was conducted one session per
week for 10 weeks. Subjects spent 10 weeks of usual life (control
period) before participating in the NW intervention (intervention
period). Measurements of functional performance were conducted
three times: before the control period, after the control period (before
the intervention period), and after the intervention period. The
individual disease status and functional performance of patients with
OA vary considerably. Therefore, we compared the change of
functional performance during the intervention period with that
during the control period to verify the effects of NW intervention
rather than establishing a control group with same disease.

Defensive style Nordic walking intervention

The ten-week NW intervention was supervised by a professional
instructor. One session of exercise lasted for 60 min, consisting of
warming up (static and dynamic stretching) for 15 min, NW for 40
min, and cooling down (static stretching) for 5 min. The intervention
was conducted in a gymnasium. As the subjects of this study had
difficulty walking long distances (their self-reported walking distance
without break was less than 1 km), chairs were set and used during the
warming up, NW exercise, and cooling down. The instructor mainly
taught pole techniques of defensive style NW rather than allowing
subjects to walk long distances in the 40-min NW exercise. The pole
length was set at 0.63 times as each subjects’ height according to the
tutorial by Japan Nordic Walk League. In the defensive style NW,
walkers plant a pole upright near the front half of a contralateral
forefoot (Figure 1). To walk with this style smoothly, subjects practiced
stretching hands forward as if shaking someone’s hand with relaxed
and light grasp of the poles. The only instruction for leg movement was
to roll the foot from heel to forefoot during foot contact if it was
possible for each subject. Total walking distance was 200 m in the first
session, which gradually increased each session and finally reached
1,000 m in the tenth (last) session. Three subjects were absent from the
intervention once within the regular 10 weeks. Therefore, an additional
session was arranged for them to complete 10 sessions.

Figure 1: Defensive style nordic walking.
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Self-reported walking distance and pain measurement

Self-reported walking distance without break was investigated using
questionnaires with the five-point scale: more than 2-3 km, around 1
km, around 300 m, around 100 m, and around 10 m. For subjects who
usually used a cane while walking, we asked them to answer in terms
of using the cane. The response was as follows: 5 subjects answered
around 1 km, 3 subjects around 300 m, 3 subjects around 100 m, and 2
subjects around 10 m at the first investigation (before the control
period). Self-reported walking distance without break was measured
again after the NW intervention period.

Pain was measured before and after each session using 10-cm visual
analogue scale (VAS). The left end of the scale was labelled “no pain”
and the right end “very severe pain” The distance from the left end to
the line marked by subjects was measured. In the first session, subjects
practiced quantifying their pain through the VAS scale. Therefore, we
analyzed the VAS for pain from the second to tenth sessions.

Functional performance assessments

Maximal walking speed and TUG score were measured to evaluate
subjects’ mobility. Subjects walked as fast as possible on a 15-m straight
pathway and walking time for the middle 10 m of the pathway was
measured using a stopwatch. Measurements were conducted twice and
the faster speed was adopted for analysis. For TUG test, subjects were
asked to stand up from a chair, walk to a marker 3 m away from a
chair, turn around the marker, walk back to the chair, and sit down. In
this study, subjects were instructed to move as fast as possible and
safely. The measurements were conducted twice; in the clockwise as
well as counterclockwise directions and the value for the faster speed
was adopted for analysis. To prevent the effect of shoes, subjects were
asked to wear the same shoes at the pre-control, post-control/pre-
intervention, and post-intervention measurements.

Maximal isometric knee extension and flexion strength were
measured for both legs using a dynamometer (MYORET RZ-450,
Kawasaki Heavy Industries, Ltd., Tokyo, Japan). Subjects sat on the
chair of the dynamometer and their trunks and thighs were fixed to the
chair with bands. Maximal isometric knee extension and flexion were
performed at 80° of anatomical knee joint angle. Measurements were
conducted twice for each leg and the higher value was used for
analysis. As the difference in strength between right and left legs was
wide in the patient population, the analysis was not performed with
values grouped according to the right and left legs, but with legs with
lower and higher strengths at the pre-control measurement.

Dynamic and static balance were evaluated using the functional
reach (FR) test, one-leg standing time, and centre of pressure (COP)
during quiet standing. For the FR test, subjects stood next to and
perpendicular to the wall with their feet shoulder-width apart and
positioned the arm which was closer to the wall at 90° of shoulder
flexion with fingers stretched straight (starting position). After the
starting point marked by the middle finger was recorded, subjects were
asked to bend and reach forward as far as possible without taking
steps. The location of the middle finger at the farthest position was
recorded again and the distance between the two positions was
calculated. Measurements were conducted for both sides (stretching
the right and left hands forward) and twice at one side. The maximal
value was adopted as the FR test value.

To measure the one-leg standing time, subjects stood barefoot on
one leg for as long as possible with their hands on their waists and eyes

open. Standing time was measured using a stopwatch from when one
foot lifted off the floor to when the lifted foot landed, the supporting
foot moved from the starting position, or the hands moved away from
the waist. Maximal measurement time was set at 60 s. Measurements
were conducted twice at each side and higher value was used for
analysis. Similar to the maximal isometric knee extension and flexion
strength, the one-leg standing time was analysed using grouped values
by legs with shorter and longer standing times at the pre-control
measurement.

COP was measured for 60 s using a force platform (GRAVICODER
GS3000, ANIMA Corp., Tokyo, Japan) and sampled at a rate of 20 Hz.
Subjects stood barefoot on the force platform with their arms at their
sides and eyes looking straight at a point on a wall 3 m ahead. Subjects
were instructed to stand as still as possible with their feet together.
However, individuals who had difficulty in standing with feet together
stood with their feet a little apart. The distance between the feet was
recorded for each subject and reproduced in each measurement. Mean
velocity (mm/s) and sway area (mm?) were calculated for the COP
displacement.

Statistical analysis

To test the effect of the NW intervention, the amount of change
between pre- and post-NW intervention values was compared to that
between pre- and post-control values. After the normality of the
difference between these two amount-of-changes was tested using the
Shapiro-Wilk test, a paired t-test was performed to variables with
normal distribution and the Wilcoxon signed-rank test was performed
to a variable with non-normal distribution (only mean velocity of
COP). A paired t-test with Bonferroni correction was performed to
compare post- with pre-NW intervention values as well as compare
post- with pre-control values after checking for normality using the
Shapiro-Wilk test. As the difference between pre- and post-values was
not normally distributed for mean velocity of COP in the NW
intervention and control periods and knee extension strength with
higher initial value in the control period, the Wilcoxon signed-rank test
was performed to compare pre- with post-values of these indices. Self-
reported walking distance without break at the pre-control
measurement was compared with that at the post-intervention
measurement using the Wilcoxon signed-rank test.

A two-way repeated-measures analysis of variance (ANOVA) was
performed (single session [pre-session, post-session] x session number
[second-tenth session]) to estimate the effects of a single NW session
and NW intervention on pain. To prevent the decrease in the number
of data due to missing values, pain data were analysed including
additional session after regular 10-week intervention for the absentees.
Therefore, all subjects had pain data of 10 sessions and “session
number” indicated the number of sessions for each subject. As the
non-sphericity was confirmed using the Mauchly test, the Greenhouse-
Geisser correction was applied to correct the degrees of freedom. After
checking for the normality, a paired t-test was performed to compare
pre-session value at the second session with pre-session value at the
tenth session.

Effects size was analysed by calculating Cohen’s d for a paired t-
test and the Wilcoxon signed-rank test, and by calculating partial 7% for
the two-way repeated-measures ANOVA. Cohen’s d of 0.2, 0.5, and 0.8
were considered as small, medium, and large effect sizes, respectively
[23].
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As we failed to save COP data for one person at one measurement,
COP velocity and sway area were analyzed for 12 subjects. Data were
expressed as means + SD, and considered statistically significant if
p<0.05. In the paired t-test with Bonferroni correction, statistical
significance was set at p<0.025. Statistical analyses were performed
using IBM SPSS Statistics 21.0 (SPSS Japan Inc., an IBM Company,
Tokyo, Japan) except for the calculation of Cohen’s d value using
G*Power 3 Ver.3.1.9.2 [24].

Results

Table 1 shows the results of measured indices at the pre-control,
post-control/pre-NW intervention, and post-NW intervention
periods. Maximal walking speed showed no significant difference
between the amount of changes during the NW intervention and
control periods. Post-NW intervention value was significantly different
from the pre-NW intervention value (p=0.022, Cohen’s d=0.730).
There was no significant difference between pre- and post-control
values. With regard to TUG score, there was a significant difference
between the amount of changes during the NW intervention and
control periods (p=0.041, Cohen’s d=0.636).

Leg | Pre-CON Post-CON/ | Post-NW co
N
pre-NW vs.

NwW

Mobility

Maximal walking speed 121+042 | 1.17+£0.39 | 1.26+0.34 *

(m/s)

Timed Up and Go (s) 8.89+3.64 | 10.1+5.07 | 7.88+2.82* | t

Lower-limb muscle strength

Knee extension| low | 1.04+049 | 1.05+£043 | 1.25+£058* | T

(Nm/kg)

Knee extension | high| 1.42+0.64 | 14+068 | 1.62+0.67*| t

(Nm/kg)

Knee flexion (Nm/kg) low | 0.381 +| 0.365 +| 0.438 3

0.126 0.112 0.159 *
Knee flexion (Nm/kg) high | 0.476 +| 0.432 +| 0.505 | T
0.165 0.187 0.183 *

Balance

Functional reach (cm) 25.6 + 8.1 25.9+6.1 28.6+4.8

One-leg standing (s) low | 125+8.7 | 11.8+81 |23.1+17* |t

One-leg standing (s) high| 21.7+16.3 | 23.1£16.4 | 33.2+22.1

COP velocity (mm/s) 19.5+10.2 | 20.3+124 | 9.2+93

COP area (mm2) 521 +248 | 553 +269 | 449 +202

Data are expressed as means * SD.

*Significant difference between post-CON/pre-NW and post-NW values as

judged using a paired t-test with Bonferroni correction.

1Significant difference between the amount of changes in the control and NW

intervention periods as judged using a paired t-test.

Table 1: Functional performance before and after control and
intervention periods.

Post-NW intervention value was significantly different from the
pre-NW intervention value (p=0.023, Cohen’s d=0.722). There was no
significant difference between pre- and post-control values. Self-
reported walking distance without break did not show a significant
difference between pre-control and post-NW intervention values.

Maximal isometric knee extension and flexion strength of both legs
with lower and higher initial values showed significant differences
between the amount of changes during the NW intervention and
control periods (knee extension of leg with lower initial value, p=0.047,
Cohen’s d=0.613; knee extension of leg with higher initial value,
p=0.013, Cohen’s d=0.807; knee flexion of leg with lower initial value,
p=0.018, Cohen’s d=0.760; knee flexion of leg with higher initial value,
p=0.006, Cohen’s d=0.921). Additionally, all indices showed significant
differences between pre- and post-NW intervention values (knee
extension of leg with lower initial value, p=0.009, Cohen’s d=0.867;
knee extension of leg with higher initial value, p<0.001, Cohen’s
d=0.807; knee flexion of leg with lower initial value, p=0.024, Cohen’s
d=0.718; knee flexion of leg with higher initial value, p=0.005, Cohen’s
d=0.944). There were no significant differences between pre- and post-
control values in all the lower-limb muscle strength indices.

One-leg standing time of leg with lower initial value showed a
significant difference between the amount of changes during the NW
intervention and control periods (p=0.020, Cohen’s d=0.741), although
that with higher initial value did not. A significant difference between
pre- and post-NW intervention values was found for the leg with lower
initial value (p=0.009, Cohen’s d=0.971). There was no significant
difference between pre- and post-NW intervention values in leg with
higher initial value. FR, mean velocity of COP, and sway area of COP
showed no significant differences between the amount of changes or
the pre- and post-NW intervention values. All the balance indices
showed no significant differences between pre- and post-control
values.

Significant single session effect (p=0.001, partial 77=0.616) and
session number effect (p=0.013, partial 77=0.232) were found in VAS
pain score (Figure 2). There was no significant interaction effect. Pre-
session value at the tenth session was significantly smaller than pre-
session value at the second session (p=0.002, Cohen’s ¢=1.007).

—{J—Pre —l—Post

=y
o
L

o]
L

Visual analogue scale for pain

1 2 3 4 5 6 7 8 9 10
Session number

Figure 2: Visual analogue scale for pain during the 10-week
intervention. *Significant difference between pre-exercise values at
the second and tenth sessions as judged using a paired t-test.
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Discussion

We hypothesized that defensive style NW intervention could
improve functional performance and reduce pain in patients with
lumbar and lower-limb OA with low walking capacity. TUG score,
knee extension and flexion muscle strength for both legs with lower
and higher initial values, and one-leg standing time in leg with lower
initial value showed significant differences in the amount of change in
NW intervention from that in control period as well as significant
differences between pre- and post-NW intervention values. Pain score
decreased immediately after one session of NW and throughout the
intervention period. These results suggest that defensive style NW
intervention improved mobility, lower-limb muscle strength, balance,
and pain relief in patients with lumbar and lower-limb OA with low
walking capacity, although the improvement was not found for all
indices measured in this study.

Most of NW intervention studies have been conducted using the
pole backward style. Although the exercise form was not strictly the
same as the defensive style NW used in the present study, previous
studies on NW intervention for healthy elderly populations
demonstrated improvement in maximal walking speed [25], TUG
score [26], and stride length [27], that is, improvement in mobility.
NW interventions were also conducted for patient populations. Eight-
foot Up and Go test score improved in patients with hip OA [11], while
maximal walking speed [20,21], stride length [21], and TUG score
[20,22] improved in patients with Parkinson’s disease after NW
intervention. Thus, it has been confirmed that NW intervention can
improve mobility in healthy elderly individuals and patients with
diseases that affect walking. The present study additionally
demonstrated that defensive style NW could improve mobility,
evaluated using TUG, in patients with lumbar and lower-limb OA with
low walking capacity. Meanwhile, no improvement was found in self-
reported walking distance without break in the present study. One of
the reasons may be small training volume. Bieler et al. [11] who
conducted pole backward style NW in patients with hip OA for 4
months observed improvement in 8-foot Up and Go test as well as 6-
min walk test in the post-intervention measurement and even in the
intermediate measurement (at the second month). The training
volume in the present study was less than that of Bieler et al. [11]: less
walking distance per session (less than 1.0 km in the present study
versus more than 3.0 km in the study of Bieler et al.), less session
numbers per week (one session in the present study versus three
sessions in the study of Bieler et al.), and probably less exercise
intensity (defensive style NW in the present study versus pole
backward style NW at moderate intensity in the study of Bieler et al.),
which may have led to lack of improvement in the self-reported
walking distance without break in the present study.

Effects of NW on lower-limb muscle strength have often been
examined using the 30-s chair stand test. Studies which examined
effects of pole backward style NW intervention for healthy elderly
populations reported improvement in 30-s chair stand test [26,28].
Similar result was confirmed in a study on patients with hip OA [11].
Normal walking intervention also improved lower-limb muscle
strength of patients with knee OA: isometric knee extension [14] and
isokinetic knee flexion [13] muscle strengths increased after
intervention. Based on these NW and normal walking intervention
studies, we hypothesized the possibility of improvement in muscle
strength by defensive style NW and obtained the expected results, i.e.,
increases in isometric knee extension and flexion strength for both legs
with lower and higher initial values, in patients with lumbar and lower-

limb OA. It is noteworthy that lower-limb muscle strength significantly
increased with a small training volume in the present study. We did not
set a large training volume so as not to worsen symptoms and pain in
patients with OA. Nevertheless, both knee extension and flexion
muscle strength in both legs increased. This may be because subjects
were patients with low walking capacity and low initial value of lower-
limb muscle strength. Underlying mechanisms could be
neuromuscular adaptations [29,30] rather than muscle hypertrophy.

Patients with lumbar and lower-limb OA have lower balance ability
than healthy subjects [31-33]. Few studies have examined the effects of
walking interventions, including normal walking and NW, on postural
balance in such patients. One of the few studies reported improvement
in postural sway during quiet standing of patients with knee OA by
normal walking intervention [15]. For healthy elderly populations,
pole backward style NW intervention improved balance ability as
evaluated by one-leg standing time [28,34] and FR [27]. The present
study showed that defensive style NW intervention significantly
increased one-leg standing time in leg with lower initial value.
Although other indices evaluating balance ability, such as FR and
COP-based measures, did not show significant improvement, it was
shown that balance ability could be improved through defensive style
NW intervention in patients with lumbar and lower-limb OA. The
mean value of the one-leg standing time in leg with higher initial value
increased by approximately 10 s after intervention; however, the
change was not statistically significant. One of the reasons may be that
the maximal test time was set at 60 s and there was a limit to increase.

The present study showed decrease in pain for each session, and
throughout the intervention period. It has been reported that pain is
reduced by regular exercise intervention for patients with OA [35,36].
Normal walking is one of the interventions [13,19] and pain reduction
by normal walking was confirmed even in the absence of improvement
on the radiogram in a study of patients with knee OA [13]. For patients
with low back pain, there are studies which reported decrease in pain
by using treadmill walking with partial body weight support [37,38].
Pole backward style NW intervention was reported to decrease pain in
patients with hip OA [11] and chronic low back pain [39]. The present
study additionally demonstrated that regular defensive style NW
intervention can decrease pain in patients with lumbar and lower-limb
OA.

Positive effect of one session of exercise on pain was also
demonstrated in the present study. It is known that pain sensitivity
becomes reduced immediately following exercise and this reduction is
called “Exercise-Induced Analgesia (EIA)” [40,41]. Both aerobic and
resistance exercises can elicit EIA in healthy individuals [40,41].
Meanwhile, there has not yet been a consensus on EIA in patients with
OA. One session of exercise including aerobic and resistance
components did not change pain in patients with severe hip and knee
OA [42], or increased pain in patients with knee OA [43]. Roper et al.
[44] reported that pain in patients with knee OA was reduced by
walking on an aquatic treadmill but did not change by walking on land
treadmill. These results suggest that water-based exercises have the
potential to reduce pain in patients with OA but land-based exercises
do not. As the reduction in pain after one session of exercise was
observed in the present study, it can be said that defensive style NW,
even though it is a land-based exercise, had the potential to reduce
pain acutely in patients with OA. It is also suggested that the effect of
EIA may depend on which limbs patients move during the exercise. In
the study of patients with knee OA, EIA effect was not observed in
either lower and upper limbs after resistance exercise in painful lower
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limbs, but pain sensitivity was reduced in both lower and upper limbs
after resistance exercise in upper limbs [45]. The EIAs dependence on
exercising limbs was also confirmed in a study of patients with
shoulder myalgia [46]: low-intensity isometric contraction in painless
lower limbs reduced pain sensitivity of painful shoulder muscles, but
the same exercise in painful upper limbs did not change it. In addition
to reducing load on painful lower limbs [7,10] defensive style NW
activates painless upper limbs by using poles, which may induce EIA in
patients with lumbar and lower-limb OA of the present study.

Conclusion

The present study showed that defensive style NW intervention
improved mobility, lower-limb muscle strength, balance, and pain
relief in patients with lumbar and lower-limb OA with low walking
capacity. Additionally, one session of defensive style NW can reduce
pain acutely. Land-based exercises which can be performed readily and
safely by patient populations are essential to improve physical
functions and pain relief, and thus to improve ADL of the patients. The
results of the present study suggest that defensive style NW is one of
the most effective and feasible land-based exercise for patients with
lumbar and lower-limb OA. Further studies are necessary to
investigate the long-term effects. We expect an improvement of
pathological conditions of OA by the long-term intervention of
defensive style Nordic walking.
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