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Abstract  
The purpose of this study was to compare the effects of Nordic 
walking with conventional walking and band-based resistance 
exercise on functional fitness, static balance and dynamic bal-
ance in older adults. Volunteers (n = 65) were divided into four 
groups: Nordic walking (NW), conventional walking (CW), 
resistance (RES), and control. Each group performed activity 
50-70 min·day-1 (warm-up 10-15 min, main exercise 30-40, and 
cool down 10-15 min), 3 days·week-1 (NW and CW) or 2 
day·week-1 (RES) for 12 wks. Upper-body strength improved (p 
< 0.05) in the RES (22.3%) and the NW (11.6%) groups com-
pared to the CW and control groups. Cardio-respiratory fitness 
improved more in the NW (10.9%) and CW (10.6%) groups 
compared to the RES and control groups. Upper- and lower-
body flexibility also improved in all exercise groups compared 
to the control group. There were no improvements in balance 
measures in any group. While all modes of exercise improved 
various components of fitness, Nordic walking provided the best 
well-rounded benefits by improving upper-body strength, car-
diovascular endurance, and flexibility. Therefore, Nordic walk-
ing is recommended as an effective and efficient mode of con-
current exercise to improve overall functional fitness in older 
adults.  
 
Key words:  Walking, resistance exercise, concurrent exercise, 
aging, functional fitness.  
 

 

 
Introduction 
 
Exercise plays important roles in maintaining and increas-
ing levels of physical activity and function in older adults. 
Previous reports have shown the beneficial effects of 
exercise on cardio-respiratory fitness and muscular 
strength in older adults (American College of Sports 
Medicine, 2009; 2011; Takeshima et al., 2007; U.S. Sur-
geon General, 1996).Emphasis has also been placed on 
well-rounded exercise programs [WREP] that typically 
include four components (i.e., cardiovascular, flexibility, 
strength, and balance) of fitness training (ACSM, 1998).  

Walking is popular among older individuals in Ja-
pan as well as in Western countries but it has been shown 
that walking alone will only improve cardiorespiratory 
fitness and has no effect on strength and several other 
parameters of fitness and function (Takeshima et al., 
2007). On the other hand, resistance training will improve 
muscle strength but has no effect on cardiorespiratory 
fitness (Takeshima et al., 2007). Several studies have 

examined the effect of a combination of aerobic, resis-
tance and flexibility exercises in healthy older adults 

(Takeshima et al., 2007) and older outpatients (Yamauchi 
et al., 2005). Supervised 12-wk training programs result 
in significant improvements in endurance, functional 
strength, flexibility, agility, serum lipids and blood pres-
sure. These programs involved either concurrent or com-
bined exercises. Concurrent training involves performing 
the activities in the same session (e.g., circuit training) 
while combined training involves performing a single 
type of exercise one day and a different type of exercise 
on another day. Traditionally, in order for older adults to 
improve each component of fitness, multiple modes or 
types of exercise have been performed. However, it is 
possible that a single type of exercise could provide im-
provements to each of these components.  

Nordic walking is an activity involving specially 
designed poles used to push against the ground with each 
stride for the purpose of activating the upper body while 
walking. According to earlier studies, Nordic walking 
increases gait speed and cardiovascular metabolism 
(Church et al., 2002; Porcari et al., 1997). A more recent 
study found that when Nordic walking is performed at a 
slower pace than conventional walking without poles, it 
results in a higher heart rate and higher oxygen consump-
tion (Schiffer et al., 2006). Nordic walking has also been 
used for rehabilitation in individuals with intermittent 
claudication (Oakley et al., 2008), Parkinson’s disease 
(Van Eijikern et al., 2008), depression (Sujika et al., 
2009), athletic injuries (Knobloch, et al., 2007) and 
chronic low back pain (Hartvisgsen et al., 2010). More-
over, in obese women, it elevated exercise intensity and 
adherence to the training program without increasing the 
perception of effort, leading to enhanced aerobic capacity 
(Figard-Fabre, et al., 2011). The results of studies con-
ducted in the Scandinavian countries confirm that Nordic 
walking is more effective than walking without sticks in 
younger adults (Tschentscher et al., 2013). However, no 
one has yet performed a similar comparative study in 
older adults. Given the whole-body nature of the activity, 
Nordic walking using poles may be as, or more, beneficial 
to individual components of fitness compared to more 
common types of exercise such as conventional walking 
and resistance training for older adults.   

The purpose of this study was to compare the ef-
fects of Nordic walking with conventional walking and 
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elastic resistance band-based exercise on functional fit-
ness, and static and dynamic balance in older adults. To 
our knowledge, no study has compared Nordic walking 
with conventional walking and /or resistance exercise in 
older adults.  
 
Methods 
 
Participants 
A total of 65 community-dwelling seniors residing in 
Nagoya city volunteered to participate in the study. Par-
ticipants were: (1) sedentary individuals for whom exer-
cise was not contraindicated for any health reason; and (2) 
aged 60 years or older. They were assigned to one of four 
groups: a Nordic walking (NW) group, a conventional 
walking (CW) group or an elastic resistance band-based 
(RES) group, or control group.  However, the group 
assignments were not completely randomized, as some of 
the participants were committed to attend exercise classes 
on assigned days (NW - Monday, Wednesday and Friday; 
CW - Tuesdays, Thursday and Saturday) and therefore 
some had to be transferred between the NW and CW 
groups. The RES group participated in university-based 
classes 2 days a week. The NW group had 17 members 
(average age: 70 ± 5 yr; 8 men and 9 women), the CW 
group 16 members (68 ± 5 yr; 8 men and 8 women), and 
the RE group 15 members (68 ± 5 yr; 5 men and 10 
women), and the control group 17 members (70 ± 7 yr, 7 
men and 10 women).  

Preliminary screening was performed using a 
questionnaire covering medical history and physical activ-
ity. After the questionnaire was checked by a physician, 
seven participants underwent a physical examination and 
graded treadmill stress testing with EKG at a local hospi-
tal. These individuals were permitted by their physician to 
perform all of the exercises. The ethics committee of the 
Graduate School of Natural Sciences at Nagoya City 
University approved the study. All participants received 
written and oral instructions for the study and gave writ-
ten informed consent prior to participation.  

 
Interventions 
Nordic walking: Participants met at a park near the uni-
versity and were instructed to walk with poles continu-
ously around the park as much possible during exercise 
classes. The NW group performed supervised exercise 
sessions three times a week for 12 weeks, 50-70 min per 
day (warm-up 10-15 min, main exercise 30 min in the 
first eight weeks and 40 min in the final four weeks, cool 
down 10-15 min). The participants walked on an asphalt 
course approximately 1400 meters in length. To ensure 
compliance with the exercise protocol, all sessions were 
supervised by research assistants who had been formally 
trained in Nordic walking technique. Participants were 
instructed to perform moderate- to high-intensity walking 
for 30 min in the second stage (week 5 to 8) and 40 min in 
the final stage (week 9 to 12) of the study. Exercise inten-
sity was monitored based on heart rate (HR) and subjec-
tive ratings of perceived exertion (RPE) (Borg, 1982). 
During the first stage (week 1 to 4), participants mainly 
practiced walking with poles with the aim of improving 

their technique. HR was measured by an automatic moni-
tor [PL600] (Cateye Co., Osaka, Japan) during exercise. 
All participants were instructed to achieve an exercise 
intensity corresponding to a HR of 100-120 bpm. All 
participants also wore an accelerometer [Kenz Lifecorder] 
(Suzuken Co. Nagoya, Japan) at waist-level to monitor 
the number of steps taken during each class.  

Conventional walking: The CW group used the 
same course as the Nordic walking class. They performed 
supervised exercise sessions three times a week for 12 
weeks for a total of 50-70 min each day (warm-up 10-15 
min, main exercise 30 min in the first and second stages 
and 40 min in the final stage and cool down 10-15 min). 
Participants wore an accelerometer at waist-level to moni-
tor the number and intensity of steps taken during exer-
cise. When doing brisk walking, they were instructed to 
achieve an intensity corresponding to a HR of 100-120 
bpm. Target intensities were the same for both the Nordic 
walking and conventional walking classes.  

Resistance exercise: The RE group performed su-
pervised exercises at a university fitness center, 50-60 
min per day (warm-up 10-15 min, main exercise 30 min, 
cool down 10-15min), two times in a week for 12 weeks. 
The RE group performed elastic resistance band-based 
(Thera-Band®, Hygenic Corporation, Akron, OH, USA) 
exercises for all major muscle groups. Participants were 
instructed to progressively increase resistance every two 
to four weeks by advancing to the next color of band (in 
order from lower to higher resistance: yellow, red, green, 
blue, black, silver and gold). Specifically, they were in-
structed to change bands when able to perform 20 repeti-
tions of a given motion. Exertion was rated using the 6-20 
point Borg RPE scale (Borg, 1982). Participants were 
instructed to start resistance exercises at an intensity level 
of 11 to 13 and then to progressively increase to a level of 
15 to 17. They were instructed to not hold their breath 
during exercises in order to prevent exercise-induced 
blood pressure elevations. A research assistant with ex-
perience leading group-based exercise served as the in-
structor and additional assistants supervised the perform-
ance of all exercises. 

 Nordic walking and conventional walking were 
performed three days per week in this study as this is the 
minimum frequency recommended by the American Col-
lege of Sports Medicine (2011) for aerobic activity. 
Likewise, resistance training was performed two times per 
week as this is the minimum frequency recommended by 
the American College of Sports (2011) for this type of 
activity. 
 
Measurement of functional fitness 
A battery of field tests, specifically developed for older 
adults, was used to assess the components of functional 
fitness. These tests require very little equipment and are 
designed to be conducted in community settings. Using a 
standardized protocol, each test was conducted individu-
ally with the exception of the 12-minute walk that was 
conducted in small groups of 4-6 people. In this case, 
participants were instructed to set their own pace and to 
not walk with others. Participants completed all tests in no 
particular order (although the 12-min walk was always 
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performed last) in a single session with at least five min-
utes of rest between each test. These tests have been 
shown to have content and construct validity as well as 
good test-retest reliability (Duncan et al., 1990; Miotto et 
al., 1999; Rikli and Jones, 1999; Rogers et al., 2003). 
Following measurement of height and weight, body mass 
index (BMI) was computed as body weight (kg) divided 
by height (m) squared.  

Upper-body strength was assessed using the 30-s 
Arm Curl Test [Arm Curl] (Rikli and Jones, 1999). On a 
signal, participants were instructed to flex and extend the 
elbow of the dominant hand, lifting a weight (men: 8-
pound dumbbell, women: 5-pound dumbbell) through the 
complete range of motion, as many times as possible in 
30 sec. After demonstration by the tester, a practice trial 
of one or two repetitions was given, followed by one 30-s 
test trial. The score was the number of repetitions com-
pleted within 30 seconds. 

Lower-body strength was assessed using the 30-
second Chair Stand Test [Chair Stand] (Rikli and Jones, 
1999). On a signal, participants rose to a full standing 
position from a chair and then returned to a fully seated 
position, and continued to complete as many full stands as 
possible in 30 sec. After demonstration by the tester, a 
practice trial of one to three repetitions was given, fol-
lowed by one 30-sec test trial. The score was the total 
number of stands executed correctly within 30 sec. 

Balance and agility were assessed using the 8-foot 
Up and Go Test [up and go] (Rikli and Jones, 1999) and 
Functional Reach Test [functional reach] (Duncan et al., 
1990). To perform up and go, participants were fully 
seated in a chair, hands on thighs and feet flat on the 
floor. On a signal, participants stood from the chair, 
walked as quickly as possible around a cone which was 
placed 8 feet (2.44 m) ahead of the chair, and returned to 
a fully seated position on the chair. Participants were told 
that this was a timed test and that the objective was to 
walk as quickly as possible (without running) around the 
cone and back to the chair. After demonstration by the 
tester, participants were given one practice trial and two 
test trials. The best performance time of the test trials was 
recorded in units of 0.1 sec. To perform the functional 
reach, the functional reach scale (graduated in centime-
ters) was hung from a wall at a height suitable for the 
participant. After demonstration by the tester, participants 
were given one practice trial and two test trials. The par-
ticipant stood by the wall with feet together, hands 
clasped and both arms raised in front horizontally and 
held at the 0 centimeter level of the scale. On a signal, the 
participant leaned forward, moving the hands forward 
along the scale as far possible while keeping the heels in 
contact with the ground. Performance was assessed as the 
maximal distance the participant could reach forward 
beyond arms’ length and without taking a step. 

Upper-body flexibility was assessed using the 
Back Scratch Test [back scratch] (Rikli and Jones, 1999). 
Participants placed the preferred hand behind the same 
side shoulder with the forearm pronated and fingers ex-
tended. They placed the other hand behind the back, fore-
arm supinated, reaching up in an attempt to touch or over-
lap the extended middle fingers of both hands. After dem-

onstration by the tester, participants were asked to deter-
mine the preferred hand, and were given two practice 
trials, followed by two test trials. The score was the num-
ber of centimeters the middle fingers were short of touch-
ing (minus score) or overlapped each other (plus score). 
The best score of test trials was used to evaluate perform-
ance. 

Lower-body flexibility was assessed using the 
Chair Sit and Reach Test [sit and reach] (Rikli and Jones, 
1999). Participants sat on the edge of a chair with one leg 
bent and the other leg extended straight in front with the 
heel on the floor. Without bending the knee, participants 
slowly reached forward, sliding the hands down the ex-
tended leg in an attempt to touch the toes. After demon-
stration by the tester, participants were asked to determine 
the preferred leg and were given two practice trials on that 
leg, followed by two test trials. The score was the number 
of centimeters short of reaching the toes (minus score) or 
reached beyond the toes (plus score). The best score of 
two test trials was used to evaluate performance. 

Cardio-respiratory fitness was assessed by per-
forming the 12-minute Walk Test [12-min walk] which 
assessed the maximum distance walked in 12 minutes 
around a 60-meter rectangular course marked into 5-meter 
segments (Takeshima et al., 1992; Yamauchi et al., 2005). 
The score was the total number of meters walked in 12 
minutes. To familiarize all participants with the 6-20 
point Borg RPE scale (Borg, 1982), participants were 
instructed on its use and practiced using it during the pre-
training 12-min walk trial. 

 After 12-weeks, all measurements were repeated 
in each participant. All tests were conducted by the same 
tester during pre and post testing.   

 
Static and dynamic balance 
To measure static and dynamic balance, a Balance Master 
Platform System [Balance Master 8.0.2] (NeuroCom 
International, USA) was used [22]. Static balance meas-
ures are often taken while standing on different surfaces 
(firm surface or form pad) with the eyes open or closed. 
In this study, the Clinical Test of Sensory Interaction for 
Balance was conducted to test static balance and measure 
the influence of sensory input on balance. For this test, 
postural sway was evaluated while the participant stood 
quietly with eyes open (EO) on a firm surface, eyes 
closed (EC) on a firm surface, EO on a foam surface and 
EC on a foam surface. An index of composite mean for 
the four conditions (SVcomp) was used as a static balance 
parameter. The force platform was marked to maintain 
consistency in foot placement. For each stance, the par-
ticipant stood with their eyes at the horizon and their arms 
at the sides in a neutral position. An anthropometric kit 
was used to measure standing height, foot length, and foot 
width. This information was used later to express the 
results relative to the height and base of support of each 
participant. Trials were ten seconds in length and a trial 
was considered unsuccessful if the participant took a step 
or was unable to balance for the required time period 
without aid from a spotter.  

Dynamic balance is the ability to anticipate 
changes and coordinate muscle activity in response to 
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perturbations of stability (Rogers et al., 2003). Dynamic 
balance is also used during forward, sideways, and back-
ward learning. In this study, dynamic balance was evalu-
ated by performing the limits of stability (LOS) test on the 
same balance platform. The LOS is an assessment tool 
utilized to quantify the maximum distance an individual 
can intentionally displace their center of gravity, that is, 
lean in a specified direction without losing balance, step-
ping, or reaching for assistance (Newton, et al., 2001). 
Each participant stood on the platform viewing a monitor 
located to the front on which a cursor representing his or 
her center of pressure (COP) was viewed. The screen also 
showed nine boxes, one representing the centered COP 
position, and eight others representing targets spaced at 
45-degree intervals in an oval shape representing 100% of 
the distance from the center position to the theoretical 
LOS. Each participant’s age and height were used to 
calculate the theoretical LOS. Each participant was in-
structed to stand as still as possible while maintaining the 
COP cursor within the highlighted center target. When a 
black circle appeared in a designated outer LOS target, 
the participant was instructed to move as quickly and 
accurately as possible so as to move the COP cursor to the 
designated target on a straight line, hold that position until 
termination of the trial (10 seconds), and then return the 
cursor to the center target (Rogers et al., 2003). 

The endpoint excursion (EPE) is the distance the 
COP is displaced toward the target during the partici-
pant’s primary movement. This movement segment ends 
when the COP movement first ceases progression toward 
the target (Rogers et al., 2003). Endpoint excursion is 
expressed as a percentage of the total distance to the tar-
get. Hence, a subject whose initial movement ends pre-
cisely at the target has an endpoint excursion of 100%. 
When initial attempts are substantially short of the target, 
most people initiate additional movements after the end-
point excursion is recorded. To represent this additional 
movement and COP excursion, an additional measure-
ment, the maximum excursion (MXE), is used. The MXE 
is the maximum distance the COP is displaced toward the 
target over the entire duration of the trial (Rogers et al., 
2003). MXE is also expressed as a percentage of the dis-
tance to the target. Since subjects make additional move-
ment after the primary movement attempt described 
above, the MXE is usually somewhat larger than the EPE. 
In this study, indexes of composite mean of endpoint 
excursion (EPEcomp), and maximum excursion (MXE-
comp) components, in the eight directions of LOS were 
used for analysis.  

Before the present study was conducted, the test-
retest reliability of balance (n= 13) was confirmed in a 

separate, but similar, population. Intra-class correlation 
coefficients [ICCs] in the Clinical Test of Sensory Inter-
action revealed a high level of reproducibility (ICC 
range= 0.88-0.90). The ICC values for Limits of Stability 
Test were 0.90-0.96.  

 
Data analysis 
Data analysis was completed using the statistical software 
program SPSS for MAC (V.19.0, SPSS Inc., Chicago, 
IL). Absolute values were used for statistical analysis. 
However, when discussing differences between interven-
tions on functional fitness measures, relative change was 
used to provide a clearer translation for the purpose of 
comparisons between measures with different units. Data 
were screened for outliers, and assumptions of normality 
and homoscedasticity. To reduce the potential influence 
of outliers on the statistical analysis, box-and-whiskers 
plots were used to identify outliers, which were subse-
quently eliminated prior to analysis. Each parameter was 
examined for normality using the Kolomogorov-Smirnov 
test. Assumptions of homogeneity of variance and 
sphericity were evaluated. Baseline group mean compari-
sons were performed using two-tailed independent t-tests. 
Paired-sample t-tests and chi-square test were used to 
initially compare individual interventions. Comparisons 
between groups over time were evaluated using a two-
way multivariate ANOVA with repeated measures. 
(ANOVA, Wilk's criterion). Group (NW, CW RE, and 
control) served as the between-subject factor, while Time 
(pre- and post-test) served as the within-subject factor. 
Univariate analyses were conducted when significant 
multivariate main effects were observed with follow-up 
Bonferroni post-hoc testing to determine group differ-
ences among parameters. Percent changes from pre to 
post were calculated from the differences in scores. Effect 
size [ES] was also calculated for each test. Cohen’s defi-
nition of small, medium and large ESs (ES = 0.2, 0.5, and 
0.8, respectively) was used (Cohen, 1988). A probability 
value of less than 0.05 was considered statistically sig-
nificant. 
 
Results 

 
Pre- training data 
No significant differences were noted at baseline for age, 
height, weight, BMI, or the sex ratio between men and 
women among the three groups (Table 1). No significant 
baseline difference was noted in any measured functional 
fitness and balance parameters among the groups (Table 
1). 

 
                                Table 1. General characteristics of participants at baseline. Values are means (±SD). 

 Nordic walking 
(NW)  

Conventional walking 
(CW) 

Band-based resistance  
(REC) 

Number 17 16 15 
Sex (M/F) 8/9 8/8 5/10 
Age (yr) 70.1 (5.3) 68.0 (4.9) 68.0 (5.4) 
Height (m) 1.59 (.08) 1.59 (.08) 1.56 (.07) 
Body mass (kg) 58.1 (12.9) 60.8 (9.5) 57.7 (6.9) 
BMI 23.0 (3.9) 24.2 (3.3) 23.6 (2.0) 
BMI, body mass index (mass/height2); No test parameter was significantly different between the groups. 
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                              Table 2. Training data for Nordic walking and conventional  walking. Values are means (±SD). 
 Group First stage 

(1-4 wk) 
Second stage  

(5-8 wk) 
Final stage 
(9-12 wk) 

Walk distance (m) NW 
CW 

-------- 
-------- 

2766 (200) 
2777 (52) 

3829 (351 
4033 (344) 

Duration (min) NW 
CW 

-------- 
-------- 

30 (1) 
30 (3) 

39 (1) 
40 (3) 

Mean walk velocity (m·min-1) NW 
CW 

-------- 
-------- 

93 (8) 
94 (10) 

97 (7) 
100 (9) 

RPE NW 
CW 

-------- 
-------- 

12.6 (.6) 
13.1 (1.5)  

12.8 (.5) 
14.1 (1.0) * 

HR (bpm) NW 
CW 

-------- 
-------- 

117 (10) 
117 (15) 

117 (10) 
123 (11) 

%HRmax (%) NW 
CW 

-------- 
-------- 

59.3 (12.1) 
52.1 (21.8) 

58.9 (14.5) 
60.8 (14.6) 

NW, Nordic walking group; CW, conventional walking group; RPE, ratings of perceived exertion; HR, 
heart rate; %HRmax, percent of max heart rate (220-age); ----, no record; * p < 0.05 between groups. 

 
Training data  
All participants continued the Nordic walking, conven-
tional walking and band-based resistance exercise with no 
incidence of injury during the study. Mean attendance 
rates for the NW, CW and RES groups were 80.2%, 
78.2%, and 90.2%, respectively. Exercise intensity was 
not monitored in the first stage (1-4 weeks) when partici-
pants primarily practiced performing the exercises me-
thodically and correctly in the NW and CW groups. Dur-
ing the final two stages (5-12 weeks) both groups trained 
at a low to moderate intensity as indicated by intensity 
monitoring parameters (Table 2). The mean walking ve-
locity of participants during the second stage (week 5-8) 
was 93 m·min-1 in the NW group and 94 m·min-1 in CW 
group. Higher exercise intensity was noted in the final 
stage, but no significant difference was found in walk 
distance, duration, mean velocity, or heart rate (HR) be-
tween the two groups (Table 2). RPE, however, was sig-
nificantly lower in the NW than CW group (Table 2). 
While intensity was not recorded for the RES group, they 
were instructed to gradually increase the intensity from 
11-13 to 15-17 on the RPE scale. All participants in the 
RES group did increase the intensity of exercise as de-
noted by the color of the band used from stage to stage. 
 
Post-training functional fitness data 
After 12 wk of training, there were significant interactions 
(group × time) for arm curl, chair stand, 12-min walk, 
functional reach, up & go, back scratch, and sit & reach 
(Table 3). Based on post hoc testing, the NW and CW 
groups (10.9% and 10.6%, respectively) had similar im-
provements in the 12-min walk and both exhibited greater 
improvements than the RES group (3.2%). The RES 
group (23.3%) showed significantly greater improvements 
in arm curl than the NW and CW groups (11.6% and 
5.1%, respectively) but the NW group had greater im-
provements in arm curl compared to the CW group.  For 
lower body strength, RES (21.1%) improved more than 
CW (9.5%) in the chair stand and improvements for RES 
and NW (12.6%) did not differ.  

Upper (back scratch) and lower (sit & reach) body 
flexibility improved in all exercise groups compared to 
the control group. In addition, the NW group (75.3%) 
improved relative to the CW group (61.3%). 

On measures of agility and balance, few significant  

differences were found between groups. Values obtained 
using the balance platform (SVcomp, EPEcomp, and 
MXEcomp) did not differ between exercise groups or 
from the control group. Functional reach and up & go did 
improve in the RES group relative to the control group, 
but there were no changes in the NW or CW groups. 

 
Discussion 
 
The key finding of the current study is that all groups 
showed improvements in overall functional fitness over 
12 weeks but Nordic Walking appears to provide the 
greatest benefit to overall fitness as indicated by cardio-
respiratory fitness, strength and flexibility outcomes. The 
improvement in upper-body strength was significantly 
greater in the RES group than NW and CW groups. A 
significantly different, upper-body strength (F = 4.472, p 
= 0.045) to improve more in the NW group (12.9%) than 
AE (5.6%) group. Conversely, although cardio-respiratory 
fitness improved significantly in the two walking groups 
compared to the RES group, the increase did not differ 
between the NW and AE groups (10.9% and 10.7%, re-
spectively) indicating that similar improvement is 
achieved with Nordic walking and conventional walking, 
yet Nordic walking was performed at a lower intensity.  

Given the specific nature of adaptations to exer-
cise and the need for maintaining muscle mass, muscular 
strength, and flexibility throughout life, a well-rounded 
training program consisting of resistance, aerobic and 
flexibility exercises is highly recommended (ACSM, 
1998). Nordic walking can improve muscular strength and 
flexibility as well as aerobic endurance capacity. A com-
bination of aerobic exercise and resistance training might 
have the same effect as Nordic walking. However, Nordic 
walking takes less time than performing the same amount 
of conventional walking along with additional resistance 
training sessions so the use of poles during walking is 
beneficial.  

Kocur et al. (2009) described the effects of Nordic 
walking on functional fitness in cardiac patients. Similar 
to the current study, they found improvements in muscle 
strength for Nordic walking but not conventional walking. 
These studies demonstrate that greater strength benefits 
can  be  derived  from  Nordic walking compared to con-
ventional  walking.  However,  when  comparing  strength  
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 Table 3.  Effects of exercise mode on functional fitness in older adults.      
 Pre 

Mean (±SD) 
Post 

Mean (±SD) 
Change 

(%) 
Within-group difference in 
change scores from baseline

Mean (95%CI) 

ES P<  
(group×time) 

Group 
Differences 

Arm curl (times/30sec)      
NW (n=17) 24.9 (4.7) 27.8 (4.4) 11.6 2.94 (1.7 to 4.2) .62 CW, RES, CON 
CW  (n=16) 25.3 (3.5) 26.6 (3.2) 5.1 1.25 (0.2 to 2.3) .37 NW, RES 
RES  (n=15) 25.7 (5.2) 31.7 (4.1) 23.3 6.07 (3.9 to 8.2) 1.15 NW, CW, CON 
CON  (n=17) 24.7 (4.3) 25.2 (3.5) 2.0 .59 (-.9 to 2.1) .18 

<.001 

NW, RES 
Chair stand (times/30sec)       
NW (n=17) 24.7 (6.0) 27.8 (5.4) 12.6 3.06 (1.7 to 4.4) .52  
CW  (n=16) 24.3 (4.0) 26.6 (3.9) 9.5 2.38 (1.1 to 3.7) .58 RES 
RES  (n=15) 24.2 (5.4) 29.3 (4.7) 21.1 5.13 (2.8 to 7.5) .95 CW, CON 
CON  (n=17) 25.7 (6.0) 27.3 (5.1) 6.2 1.65 (.1 to 3.2) .26 

<.05 

RES 
12-min walk (m)       
NW (n=17) 1142 (77) 1266 (89) 10.9 123.47 (92.5 to 154.4) 1.61 RES, CON 
CW  (n=16) 1187 (97) 1313 (112) 10.6 125.63 (97.4 to 153.9) 1.30 RES, CON 
RES  (n=15) 1143 (108) 1180 (133) 3.2 37.47 (4.7 to 70.2) .37 NW, CW 
CON  (n=17) 1099 (86)) 1128 (77) 2.6 28.65 (7.6 to 49.8) .32 

<.001 

NW, CW 
Functional reach (cm)       
NW (n=17) 28.7 (4.9) 30.5 (2.8) 6.3 1.76 (-.5 to 4.1) .37  
CW  (n=16) 29.0 (3.9) 31.8 (5.5) 9.7 2.75 (-.1 to 5.6) .72  
RES  (n=15) 32.0 (6.3) 35.4 (5.4) 10.6 3.40 (.1 to 6.7) .54 CON 
CON  (n=17) 32.2 (3.5) 31.3 (3.9) -2.7 -.94 (-2.5 to .6) .32 

<.05 

RES 
Up & go (sec)        
NW (n=17) 4.3 (.3) 4.1 (.4) 4.7 -.21 (-.4 to .0) .67  
CW  (n=16) 4.5 (.6) 4.2 (.5) 6.7 -.24 (-.5 to .0) .50  
RES  (n=15) 4.5 (.5) 4.2 (.5) 6.7 -.33 (-.6 to -.1) .60 CON 
CON  (n=17) 4.5 (.5) 4.5 (.4) .0 .00 (-.2 to .2) .04 

<.05 

RES 
Back scratch (cm)       
NW (n=17) -9.2 (16.1) -5.1 (13.6) 44.5 4.09 (1.1 to 7.0) .26 CON 
CW  (n=16) -8.0 (14.2) -6.0 (13.7) 25.0 1.97 (0.4 to 3.5) .14 CON 
RES  (n=15) -3.2 (9.5) -.1 (9.4) 93.8 3.01 (0.2 to 5.8) .33 CON 
CON  (n=17) -5.7 (14.3) -7.1 (14.8) -24.6 -1.32 (-2.5 to -0.2) .10 

<.05 

NW, CW, RES
Sit & reach (cm)       
NW (n=17) 6.9 (13.2) 12.1 (11.5) 75.3 5.18 (2.5 to 7.8) .39 CW, CON 
CW  (n=16) 3.1 (18.3) 5.0 (17.3) 61.3 1.91 (0.5 to 3.3) .10 NW, CON 
RES  (n=15) 8.2 (12.2) 11.5 (12.4) 40.2 3.32 (0.7 to 5.9) .27 CON 
CON  (n=17) 10.5 (11.7) 9.2 (11.8) -12.3 -1.29 (-3.7 to 1.1) .15 

<.01 

NW, CW, RES 
SVcomp (deg/sec)       
NW (n=17) 1.02 (.25) .87 (.17) 14.7 -0.15 (-0.2 to -0.1) .60  
CW  (n=16) 1.01 (.27) .91 (.23) 9.9 -0.09 (-0.2 to 0.0) .37  
RES  (n=15) 1.03 (.23) .98 (.24) 4.9 -0.05 (-0.2 to 0.1) .22  
CON  (n=11) .79 (.16) .71 (.10) -10.1 -0.08 (-0.2 to 0.0) .50 

N.S. 

 
EPEcomp (%)        
NW (n=17) 77. 6 (12.2) 78.6 (10.6) 1.3 1.00 (-3.9 to 5.9) .08  
CW  (n=16) 75.3 (12.2) 73.6 (10.0) 2.3 -1.62 (-5.0 to 1.8) .14  
RES  (n=15) 69.9 (14.7) 75.1 (10.0) 7.4 5.27 (0.3 to 10.3) .35  
CON  (n=11) 78.6 (10.4) 81.6 (10.6) 3.8 2.91 (-1.9 to 7.7) .29 

N.S. 

 
MXEcomp (%)       
NW (n=17) 91.7 (9.8) 92.4 (7.2) 0.8 0.71 (-3.4 to 4.8) .07  
CW  (n=16) 90.7 (6.3) 90.8 (7.7) 0.1 0.06 (-2.6 to 2.7) .02  
RES  (n=15) 85.3 (10.3) 88.9 (8.6) 4.2 3.40 (0.4 to 6.4) .35  
CON  (n=11) 92.2 (4.9) 97.1 (5.0) 5.3 4.91 (2.6 to 7.2) .18 

N.S. 

 
NW, Nordic walking group; CW, conventional walking group; RES, band-based resistance exercise; CON, control group; SVcomp, composite mean 
of four conditions for the Clinical Test of Sensory Interaction; EPEcomp, composite mean of endpoint excursion for limits of stability (LOS); MXE-
comp, composite mean of maximum excursion for limits of stability (LOS); 95%CI, 95% confidence intervals); ES, effect size; N.S., not significant.  
 
outcomes of Nordic walking to resistance training, the 
improvements  in  arm  curl  and  chair  stand  observed  
for Nordic  walking  in  the  current  study  were smaller 
than those observed with resistance training alone. There-
fore, although Nordic walking provides benefits to mus-
cular strength, if one is to maximize improvements in 
muscular strength then resistance training should be per-
formed. 

A number of studies have showed the effect of ex-
ercise on parameters of dynamic balance in older adults 
(Islam et al., 2004). Functional reach and up & go im-
proved in the RES group, similar to what we previously 
found with a similar resistance program (Takeshima et al., 
2007). Neither static balance (sway velocity) nor dynamic 
balance (end point excursion (EPE) and maximum end 
point excursion (MXE)) changed as a result of any exer-
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cise program in the current study. Judge et al. (1993) 

reported that a vigorous program of lower-body strength-
ening, walking, and postural control exercise improved 
balance in older subjects. As the initial level of dynamic 
balance was relatively high in all groups (EPEcomp: 
70%-78%, MXEcomp: 85-92%), the potential for improv-
ing dynamic balance in this study’s participants was 
minimal and could account for the lack of improvement.  

The current exercise course was on a flat asphalt-
covered surface. Schiffer et al. (2011) have suggested that 
the impulse generated by the poles is the same on differ-
ent surfaces. Given that there are differences in oxygen 
uptake between walking on grass and concrete, the main 
regulator for the propulsion must be the musculature of 
the lower extremities and the work of the upper extremi-
ties seems to be an additional effort for Nordic walkers. It 
is possible that performing Nordic walking on uneven 
and/or soft surfaces may induce improvements in balance 
and, therefore, further study is needed to determine the 
effects of Nordic walking on different surfaces. 

The results of this study support Nordic walking 
as a safe, feasible, and beneficial form of exercise training 
that can improve multiple components of fitness in older 
adults. Conventional walking has a myriad of documented 
benefits associated with it, and is often used as a primary 
and secondary preventative measure (American College 
of Sports Medicine, 1998). Like conventional walking, 
Nordic walking can be performed by individuals or in 
group settings, as in the current study, which may provide 
benefits to social well-being. In addition, although often 
performed outdoors, Nordic walking can also be per-
formed indoors with the use of rubber pole tips, making it 
an activity that can be performed year-round, even during 
inclement weather. Nordic walking appears to be as effec-
tive at improving cardiorespiratory fitness as conventional 
walking and provides additional benefits in upper-body 
strength and lower-body flexibility over conventional 
walking. Thus, Nordic walking may prove to be more 
effective than conventional walking in the improvement 
and maintenance of overall health and function. Further 
research is needed to compare these forms of exercise 
over longer periods of time and in different segments of 
the older adult population. Means by which strength gains 
can be enhanced with Nordic walking, possibly with the 
use of heavier poles, also needs to be addressed in future 
studies. 
 
Conclusion 
 
The results of this study indicate that both Nordic walking 
and conventional walking are beneficial for older adults. 
However, Nordic walking provides additional benefits in 
muscular strength compared to conventional walking, 
making it suitable for improving aerobic capacity and 
muscular strength as well as other components of func-
tional fitness in a short period of time.  
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Key points 
• Nordic walking, conventional walking, and resis-

tance training are beneficial for older adults.  
• Nordic walking and conventional walking both 

improve cardio-respiratory fitness while resistance 
training does not. 

• Nordic walking provides additional benefits in 
upper-body muscular strength compared to con-
ventional walking. 

• Nordic walking is an effective and efficient mode 
of exercise to improve overall fitness in older 
adults.  
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