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Background: Several studies have demonstrated the positive effects of physical activity on 

skeletal muscle mass and muscle strength in women with osteoporosis. However, the impact 

of Nordic walking training on sarcopenia-related parameters in women with low bone mass 

remains unknown. Therefore, the purpose of this study was to evaluate the impact of 12 weeks 

of Nordic walking training on skeletal muscle index, muscle strength, functional mobility, and 

functional performance in women with low bone mass.

Materials and methods: The participants were 45 women, aged 63–79 years, with osteope-

nia or osteoporosis. The subjects were randomly assigned either to an experimental group (12 

weeks of Nordic walking training, three times a week) or to a control group. Skeletal muscle 

mass and other body composition factors were measured with octapolar bioimpedance InBody 

720 analyser. Knee extensor and flexor isometric muscle strength were measured using Biodex 

System 4 Pro™ dynamometers. This study also used a SAEHAN Digital Hand Dynamometer 

to measure handgrip muscle strength. The timed up-and-go test was used to measure functional 

mobility, and the 6-minute walk test was used to measure functional performance.

Results: Short-term Nordic walking training induced a significant increase in skeletal muscle 

mass (P=0.007), skeletal muscle index (P=0.007), strength index of the knee extensor (P=0.016), 

flexor (P,0.001), functional mobility (P,0.001), and functional performance (P,0.001) 

and a significant decrease in body mass (P=0.006), body mass index (P,0.001), and percent 

body fat (P,0.001) in participants. Regarding handgrip muscle strength, no improvement was 

registered (P=0.315). No significant changes in any of the analyzed parameters were observed 

in the control group.

Conclusion: Overall, short-term Nordic walking training induces positive changes in knee 

muscle strength and functional performance in women with low bone mass. This finding 

could be applied in clinical practice for intervention programs in women with osteopenia and 

osteoporosis.
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Introduction
Osteoporosis and sarcopenia are common among the elderly and are associated with 

significant morbidity and mortality.1 Given the current secular trends in demographic 

groups with high longevity, the burden of both osteoporosis and sarcopenia may 

continue to increase.

In 2011, The International Working Group on Sarcopenia in Older People defined 

sarcopenia as “the age-associated loss of skeletal muscle mass and function.”2 

In 2009, the European Working Group on Sarcopenia in Older People (EWGSOP) 
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had already defined sarcopenia as a syndrome characterized 

by progressive and generalized loss of skeletal muscle mass 

(SM) and strength with a risk of adverse outcomes such as 

physical disability and poor quality of life and death.3 

Importantly, sarcopenia is well known to be highly 

correlated with frailty and an increased risk of falling in 

the elderly.4 In addition to increasing the risk of falling, 

sarcopenia might also decrease bone strength by reducing 

mechanical loading on the skeleton.5,6 Sarcopenic subjects 

more often experience tiredness during daily activities and 

have lower fat mass and lean mass.7 

Some studies have suggested that sarcopenia is observed 

in 24% and 50% of individuals aged $70 and ,80 years, 

respectively.8 Sarcopenia seems to be associated with many 

harmful clinical components, making this geriatric syndrome 

a real public health burden.7 In one American study, sar-

copenia and its consequences were estimated to cost the US 

health care system 18 billion dollars. Sarcopenia is therefore 

an expensive issue for the health care system.9

It is commonly believed that physical activity can slow 

down the loss of SM and function. Italian researchers have rec-

ommended three types of training for sarcopenic older people: 

aerobic exercise, resistance exercise, and power training.10 A 

vast amount of literature has reviewed various training pro-

grams in which resistance and power training are engaged.11,12 

However, aerobic exercise for osteopenia prevention has not 

received much attention. These exercises are considered vital 

as they are specially recommended by the American College 

of Sports Medicine and the American Heart Association.13

Nordic walking (NW) is one of the aerobic exercises, 

which has become a highly popular mode of physical activity 

in Central and Northern Europe.14 NW is an activity oriented 

with specially designed poles used to push against the ground 

with each stride to activate the upper body while walking. The 

results of studies conducted in the Scandinavian countries 

among younger adults confirm that NW is more effective than 

walking without sticks.15 NW provides additional benefits in 

upper body muscular strength16 and improvement of aerobic 

capacity.17 Thus, it can be considered as an important tool 

in the prevention of sarcopenia in older adults. Studies have 

also proved that practicing NW increases gait speed and 

cardiovascular metabolism,16 decreases systolic blood pres-

sure in postmenopausal women,18 and reduces blood ferritin 

levels in elderly women.19

Additionally, the use of poles increases the stability of 

the body while walking. Therefore, to a certain extent, NW 

protects against falls, which is particularly important among 

those who, after undergoing trauma related to a fall, are 

afraid of walking.

No research has been found to prove the effect of NW 

training on sarcopenia-related parameters in women with 

reduced bone mass. Therefore, the aim of this preliminary 

study was to evaluate the impact of 12 weeks of NW training 

on skeletal muscle index (SMI), muscle strength, functional 

mobility, and functional performance in women with low 

bone mass.

Materials and methods
ethics
This study was approved by the Bioethics Commission of 

Regional Medical Chamber according to the Declaration 

of Helsinki, under the process number KB-29/14. Before 

commencing the study, all the subjects received a verbal 

and written description of the experiment, and they signed 

an informed consent form before participation.

Participants
The study sample consisted of 45 postmenopausal women 

aged 63–79 years (M=68.7 years, ±4.43). All the participants 

were recruited from a group of 740 women (who agreed 

to the primary screening), attending various lectures at the 

University of the Third Age. The recruitment process is 

illustrated in Figure 1. The sample was randomly divided 

into two groups. The first group – the control group (CG) – 

consisted of 22 women (68.32±4.06 years). Participants in 

the CG involved in normal daily activities appropriate to 

their age range. None of the subjects were engaged in an 

organized physical activity regimen. Women from the second 

group, called the experimental group (EG), participated in 

regular NW training (see “Training program” section) (n=23; 

69.04±4.81 years).

The inclusion criteria were as follows: postmeno-

pausal female (ie, a female who had experienced her last 

period .12 months ago), nonsmoking female, diagnosed 

with osteopenia or osteoporosis. Low bone mass was defined 

by a T-score #-1.20 

Subjects were excluded according to the following 

criteria: uncontrolled hypertension, oophorectomy, rheuma-

toid arthritis, pulmonary disease, and type 2 diabetes treated 

with insulin.

All the participants had to undergo a compulsory medical 

examination that revealed no contraindications to physical 

exercise. They were asked to provide information regarding 

prescribed medications as part of this study. These data 
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included information regarding medications that may affect 

bone metabolism, including hormone replacement therapy, 

corticosteroids, and antiresorptive therapies.

A total of 17 women declared taking medicine (eight 

people from EG and nine from CG). Examined women were 

under the permanent care of a medical specialist, who moni-

tored dosed medicines. Additionally, to limit the effects of 

possible variables on the study results, medicines and their 

doses were not altered throughout the 12-week study.

Measures
Assessment of body composition and 
anthropometry
Body mass (BM), SM, and percent body fat (PBF) were 

measured with an octapolar bioimpedance InBody 720 

analyser (Biospace, Seoul, Korea) using standard protocols, 

with participants wearing light clothing without shoes. This 

technology employs eight contact electrodes: two are posi-

tioned on the palm and thumb of each hand, and the others 

are placed on the front part of the feet and on the heels. 

This device supported the study to analyze five basic body 

parts – left and right upper limb, trunk, and left and right 

lower limb – independently at frequencies of 1, 5, 50, 250, 

500, and 1,000 kHz.

The validity of bioimpedance (BIA) has been documented 

in several studies. In one study, no statistical difference 

between magnetic resonance imaging (MRI)-measured and 

BIA-derived values for SM was observed.21 In other studies, 

BIA was used to determine skeletal muscle cutpoints for iden-

tifying elevated physical disability risk in older adults.22

EWGSOP indicates that BIA may be considered an 

alternative to Dual-energy X-ray absorptiometry (DXA) for 

determining SM and, by extension, SMI. To calculate SMI, the 

following formula recommended by EWGSOP was used: SM/

height2. EWGSOP defines three clinical sarcopenia conditions: 

1) pre-sarcopenia, which is characterized by low muscle mass 

without impact on muscle strength or physical performance; 

2) sarcopenia, which is characterized by low muscle mass, 

plus low muscle strength or low physical performance; and 3) 

severe sarcopenia, which is identified when all three criteria of 

the definition are met: low muscle mass, low muscle strength, 

and low physical performance.3

Body height (in cm) was measured with an accuracy 

of 0.1 cm. During measurement, each subject was placed 

−

Figure 1 recruitment process.
Abbreviation: BMD, bone mineral density.
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barefoot in the orthostatic position. Body mass index (BMI) 

was calculated as BM/height2 (kg/m2).

Assessment of muscle strength
Chan et al reported that quadriceps strength and handgrip 

strength (HS) were independently associated with health 

outcomes at baseline, including quality of life, disability in 

daily living, hospitalization, and gait speed.23 The measure-

ments could also aid in the identification of older adults in 

primary care with the poorest health outcomes.

HS was measured to estimate muscle strength and was 

performed with a hand dynamometer (SAEHAN Digital 

Hand Dynamometer, SAEHAN, Changwon, Korea). During 

the HS test, participants had to hold the dynamometer in their 

hand with the arm stretched parallel to the body while being 

instructed to stand upright. This measure was performed three 

times on the dominant hand with a rest interval of 1 min 

between measurements; finally, the best performance was 

used as the maximum peak (PK) of HS (in kg). The statistical 

analysis also included mean peak (mean PK).

Knee extensor and flexor muscle strength were measured 

using a Biodex System 4 Pro™ dynamometer (Biodex 

Medical Systems, Inc., Shirley, NY, USA). Data collec-

tion was performed by using a Compaq Desk Pro personal 

computer and Biodex software using the standard Biodex 

protocol. After a standardized warm-up, subjects were 

positioned in the equipment according to the manufacturer’s 

manual (seated with arms hanging along the body, hands 

holding the lateral handles, and strap stabilization of trunk, 

hip, and tested thigh, with the knee flexed to 90°). For 

testing, the protocol reported by Symons et al with slight 

modifications was used.24 The isometric strength test was 

used for three maximal contractions, provided that one single 

contraction lasted 5 s with 30 s breaks. The seat position was 

adjusted for the leg length of each tested person. Data were 

analyzed using the results obtained from the dominant lower 

limb. The parameters of maximum peak torque (PKTQ) and 

mean peak torque (mean PKTQ) were analyzed for knee 

extension/flexion.

In this study, two recommended strength indexes were 

used. To calculate the first strength index, the following 

formula was used: PK HS/BM (kg).25 The second strength 

index was calculated as PKTQ knee extensor muscle strength 

(Nm)/BM (kg).26

Assessment of functional mobility and functional 
performance
The EWGSOP also recommends extending sarcopenia diag-

nosis with an additional component, that is, low physical 

performance. In this respect, the EWGSOP recommends a 

wide range of tests of physical performance.3 Two of these 

tests include the timed up-and-go (TUG) test, which has been 

proved to be a satisfactory measure of functional mobility in 

elderly persons,27 and the 6-minute walk test.

The TUG test measures the time(s) required for a subject 

to rise from a chair, walk 3 m, turn around, walk back to 

the chair, and sit down. It has been shown to be a predictor 

of sarcopenia in hospitalized patients with a mean age of 

70.4±7.7 years.28

The functional performance of the participants was 

assessed based on the distance covered in the 6-minute walk 

test.29 The experimental procedure was as follows: 5 min in 

sitting position, 6 min of continuous walking at a comfortable 

self-selected speed, and 5 min for recovery. The tests were per-

formed on an athletic track where the temperature was 17°C. 

The following instruments were used for the test: a stopwatch, 

measuring tape, and a Polar RS-400 heart rate monitor (Polar 

Electro Oy, Kempele, Finland). The 6-minute walk distance 

(6MWD) covered during the test was recorded in meters.

Training program
All training sessions were conducted by a certified NW coach 

and were held outdoors, three times a week, for 60 min each, 

over a period of 12 weeks. Participants used Nordic poles 

(Exel, Espoo, Finland). According to the recommendation 

of the International NW Federation (INWA), the pole length 

was determined by multiplying each subject’s height in 

centimeter by 0.68 and rounding down to the nearest 5 cm. 

During the first week of training with poles, the main goal 

was to improve form during the march.

Each training unit consisted of three phases. During the 

warm-up phase (10–13 min), women performed isotonic 

exercises with poles to improve arm, leg, and torso flexibility 

and static and dynamic body balance.

The main part of the NW training (40 min) consisted 

in walking with poles over a distance of 3–4 km to reach 

an average heart rate between 50% and 70% of the age-

dependent maximal heart rate; HRmax=206–0.88× age,30 

[(HRmax − HRrest) × (0.5–0.7)] + HRrest. During NW, all 

the subjects used the diagonal-pole back condition technique 

recommended by INWA.31 According to the aforementioned 

technique, the correct usage of the poles involves a backward 

pole position during the loading phase, active and dynamic use 

of the poles, and control of the poles with the grip and strap.

Every main part of the NW training featured two short 

active sessions (2 min each). During these sessions, women 

performed breathing exercises and isometric exercises with 

an emphasis on the muscles of the lower limbs.
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The cool-down exercises (7–10 min) included dynamic 

and static stretching. Participants’ heart rate was monitored 

by a Polar RS-400 heart rate monitor.

statistical analysis
Standard statistical methods were used to calculate mean 

values and standard deviations (mean ± standard deviation). 

The Shapiro–Wilk statistical analysis test was used to verify 

the normality of the data. For normally distributed results, 

a paired t-test analysis was performed to identify different 

results significantly. For results that were not normally 

distributed, a Wilcoxon signed-rank test was applied. The 

paired t-test or the Wilcoxon test was used for within-group 

comparisons.

The Brown–Forsyth test was used to verify the homoge-

neity of the variance. The between-group comparisons were 

performed using analysis of variance (ANOVA) tests. For 

homogeneous results, an ANOVA for repeated measure-

ments and post hoc honestly significant difference Tukey test 

for equal sample sizes were performed to identify different 

results significantly. For heterogeneous results, an ANOVA 

Friedman’s test and a right post hoc test were applied. In addi-

tion, Cohen’s effect size (ES) was calculated to quantify the 

magnitude of statistical significance. All data were analyzed 

using the statistical package Statistica 10 (StatSoft, 2010), 

and the level of significance was P,0.05.

Results
Results pertaining to anthropometry, body composition, SMI, 

muscle strength, functional mobility, and performance in 

participants during the study are shown in Table 1.

This study did not indicate the presence of sarcopenia in 

the tested women. The SMI was $6.76 kg/m2. At baseline, 

no statistically significant differences were observed between 

EG and CG with respect to the analyzed parameters. 

For the within-group analysis, after the 12-week train-

ing period, SMI (ES=0.22) and SM (ES=0.18) showed 

significant increases in EG. Moreover, NW training signifi-

cantly improved knee extensor and flexor muscle strength. 

Statistically significant increases were observed for knee 

extensor muscle strength for PKTQ (ES=0.37), mean PKTQ 

(ES=0.36), and PKTQ/BM (ES=0.47) and knee flexor muscle 

strength for PKTQ (ES=0.62), mean PKTQ (ES=0.65), and 

PKTQ/BM (ES=0.70). 

After the training period, in the EG, the study also noted 

statistically significant increases in TUG (ES=0.79) and 

6MWD (ES=1.15) and decreases in BM (ES=0.11), BMI 

(ES=0.10), and PBF (ES=0.30). However, statistical tests did 

Table 1 results of the participant variables analyzed in this study

Variables EG CG

Pre Post P-value Pre Post P-value Interaction

Anthropometry
BM (kg) 68.27±9.40 67.24±9.19* ,0.001 70.82±10.55 70.71±10.68 0.79 Time
BMI (kg/m2) 26.76±3.88 26.36±3.79* ,0.001 27.57±3.08 27.53±3.20 0.82 Time, time vs group
Body composition
sM (kg) 23.37±2.69 23.86±2.83* 0.01 23.38±2.39 23.39±2.40 0.88 Time, time vs group
PBF (%) 36.03±6.62 34.08±6.26* ,0.001 38.02±5.72 37.98±5.34 0.92 Time, time vs group
sMI (kg/m2) 9.14±0.85 9.33±0.84* 0.01 9.11±0.51 9.12±0.52 0.87 Time, time vs group
Biodex System 4 Pro™ knee extensor
PKTQ (nm) 104.05±29.00 115.60±33.30* 0.03 109.88±26.50 104.67±22.04 0.05 Time vs group
Mean PKTQ (nm) 97.97±28.79 108.91±32.14* 0.02 104.41±24.78 100.33±22.41 0.08 Time vs group
PKTQ/BM (nm/kg) 1.53±0.36 1.72±0.44*,† 0.02 1.56±0.31 1.49±0.29 0.12 Time vs group
Biodex System 4 Pro™ knee flexor
PKTQ (nm) 41.65±14.26 50.93±15.54*,† ,0.001 39.92±14.18 41.30±11.09 0.16 Time, group, time vs group
Mean PKTQ (nm) 38.65±13.74 48.16±15.27*,† ,0.001 37.04±14.09 39.42±11.19 0.08 Time, group, time vs group
PKTQ/BM (nm/kg) 0.62±0.20 0.76±0.20*,† ,0.001 0.57±0.19 0.59±0.17 0.34 Time, group, time vs group
Hand grip
PK (kg) 22.74±3.99 23.11±4.38 0.44 22.06±3.38 21.29±2.76 0.27 ns
Mean PK (kg) 21.48±3.93 21.51±4.33 0.95 20.16±3.24 19.16±2.67 0.14 ns
PK/BM (kg) 0.34±0.06 0.35±0.07 0.11 0.32±0.06 0.31±0.06 0.26 ns
TUG (s) 5.81±0.56 5.27±0.79* ,0.001 5.65±0.56 5.66±0.59 0.80 Time, time vs group
6MWD (m) 611.22±51.43 672.96±55.51*,† ,0.001 608.93±79.30 600.43±78.63 0.23 Time, time vs group

Notes: Data presented as mean ± standard deviation; Pre, measurements at baseline; Post, measurements after 12 weeks of NW training; *significantly different from pre, 
P,0.05; †significantly different between groups, P,0.05.
Abbreviations: eg, experimental group (n=23); Cg, control group (n=22); BM, body mass; BMI, body mass index; sM, skeletal muscle mass; PBF, percent body fat; sMI, 
skeletal muscle mass index; PKTQ, peak torque; PKTQ/BM, peak torque/body mass; PK, peak; PK/BM, peak/body mass; TUg, timed up-and-go test; 6MWD, 6-minute walk 
distance; NS, not significant; NW, nordic walking.
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not indicate significant changes in handgrip muscle strength 

among women in the EG.

In the CG, no significant differences in the analyzed param-

eters were observed after 12 weeks. However, an ANOVA 

test showed that after 12 weeks, changes in functional perfor-

mance – 6MWD (ES=1.07), knee extensor muscle strength for 

PKTQ/BM (ES=0.62), knee flexor muscle strength for PKTQ 

(ES=0.71), mean PKTQ (ES=0.65), and PKTQ/BM (ES=0.92) 

– were statistically significant between the EG and the CG. 

Discussion
The current study has shown that 12-week NW training is 

effective in decreasing BM, BMI, and PBF and increasing 

SM (2.1%) and SMI (2.08%). Similar results were obtained 

by South Korean scientists who analyzed changes in body 

composition among three groups of elderly women (NW 

group, normal walking group, and CG) after practice of three 

times a week (60 min long) over a 12-week study period.32 

In this study, the NW and normal walking groups showed 

significant changes in SM (P,0.001 in both groups), in con-

trast to the results obtained for the CG. Results also indicated 

significant decreases in weight (P,0.001), BMI (P=0.001), 

and PBF (P=0.008) after the NW intervention. However, the 

normal walking group showed significant decreases in weight 

(P=0.02) and PBF (P=0.005) but not in BMI.

A recent study presented the results obtained after 8 weeks 

of NW training relative to normal walking training.33 The find-

ings revealed a significantly greater improvement in SM in the 

elderly group. However, no evidence of a significant decrease 

in BM or BMI in postmenopausal women was obtained 

following a shorter (8 weeks) NW training period.18

The aforementioned results are in agreement with those 

reported in other studies, indicating that NW provides an 

advantage over general walking because it engages more 

muscles and results in 20% higher calorie consumption.16

The reported data confirm that 12 weeks of NW training 

is effective in decreasing weight, PBF, and BMI; thus, the 

study is worth continuing in patients with sarcopenic obesity. 

Undertaking such efforts is important because, as other studies 

indicate, sarcopenic obesity has been associated with a greater 

risk of incidents of cardiovascular disease and disability than 

sarcopenia or obesity alone.34,35 Sarcopenic obesity has also 

been linked to an increased risk of falling in older adults.36

The current study additionally showed that short-term 

NW training is effective in improving knee muscle strength, 

as opposed to handgrip muscle strength, in women with 

osteopenia and osteoporosis. 

After 3 months of walking with poles, a statistically 

significant improvement in knee muscle strength was 

observed. The greatest improvement was noted in knee 

flexion muscles, amounting to PKTQ (22.4%), mean PKTQ 

(24.9%), and PKTQ/BM (22.6%). An improvement in 

knee extension muscle strength was also observed (PKTQ 

[11.2%], mean PKTQ [11.1%], and PKTQ/BM [12.4%]).

Similar results were reported by Kocur et al, who studied 

the effect of 3 weeks (five sessions per week) of NW training 

and traditional walking on exercise capacity and functional 

fitness in patients after acute coronary syndrome.37 These 

studies showed improvements in lower body strength 

(assessed with “chair stand test”) and coordination of move-

ment and dynamic balance (in “up-and-go test”) in both the 

training groups. Scores on the chair stand test and up-and-go 

test increase by 17.9% and 10.2% in the NW group and by 

16.1% and 5.8% in the normal walking group, respectively. 

However, the results (in both tests) were significantly better 

for the NW group than for the normal walking group.

Parkatti et al showed that 9 weeks of walking with poles 

led to a moderate increase of 15% in the muscle strength of 

the lower extremities among the sedentary older people.38 

Similarly, Eyigor et al demonstrated an increase in knee 

extensor muscle strength of 17% after 8 weeks of resistance 

training combined with walking, balance and flexibility 

exercises in 20 elderly women.39

A precise comparison of our results with those reported 

in the aforementioned studies is difficult because the authors 

used different training periods and tests. Certain studies 

also suggest that the effects of resistance training on muscle 

strength in older people rest entirely on neural factors in the 

absence of significant muscle hypertrophy.40 Certain similar 

adaptive mechanisms are likely to occur during NW train-

ing as well. This study shows that the increases in strength 

are greater than those observed for SM. These results are 

supported by available data demonstrating greater effects 

of exercise on muscle strength than on muscle mass in the 

elderly.41

The results of this study concerning the increase in 

knee muscle strength can be essential in treating sarcopenic 

therapy in women with low bone mass because osteoporosis 

associated with the postmenopausal period can negatively 

affect the increase in lower limb strength in physically active 

women. Moreover, the loss of strength in the knee extensor 

muscles is of particular interest because these muscles have 

been consistently demonstrated to be associated with physical 

function in daily activities such as climbing stairs, walking, 

and rising from a chair.42 Brech et al reported that women 

with postmenopausal osteoporosis presented diminished knee 

extensor and flexor muscle strength compared with women 

without postmenopausal osteoporosis.43
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The current study did not indicate any significant effect 

of the 12-week NW training period on handgrip muscle 

strength in participants. Similar results were noted by Lee  

and Park, who did not register significant improvements 

in upper extremity muscle strength in frail people aged  

$70 years.44

As NW is a walking-based exercise, it is possible that it 

is more effective in improving the strength of the legs than 

the arms. However, certain studies showed that 12 weeks of 

NW training significantly increased handgrip muscle strength 

(by 10.57%) in elderly.30

The differences between the results of this study and 

those reported in the literature may be due to the technique 

used during the march. Scientists from Korea report that 

women use a modified technique while walking with poles, 

whereas our training involved full NW technique (pole back 

condition). The relationship between the technique used and 

equipment-related factors and their effect on training have 

also been highlighted in other studies.37,45–47

In the CG, there were no statistically significant changes 

in muscle strength among the analyzed parameters (for knee 

and handgrip). These findings are in agreement with those 

reported by other authors.30,34

It is generally known that elderly women with low bone 

mineral density show changes in gait,48 greater postural 

imbalance, and a greater predisposition to falls.49 Therefore, 

exercises aimed at strengthening muscles, tai chi, and general 

walking are recommended to increase balance and functional 

mobility. The present study demonstrated that NW is effec-

tive in improving functional mobility in women with reduced 

bone mass. The improvement in the EG was 9.29%, which 

was statistically significant.

The findings of Kocur et al suggest that a 12-week 

NW training program has a positive impact on selected 

gait parameters and may improve the postural control of 

women aged .65 years, according to the results of selected 

functional tests.50 Willson et al showed that using walking 

poles increased walking speed (P=0.0001–0.0004), stride 

length (P,0.0001), and stance time (P,0.0001) relative 

to those measures when no poles were used.51 However, 

in another study, no improvement in gait parameters per-

taining to walking speed was observed after a 9-week NW 

intervention.38

The functional mobility improvement in the participat-

ing women could also be related to an improvement in knee 

muscle strength under the effects of NW training. Wiacek 

et al showed a correlation between the strength of the lower 

body and postural balance in women aged 65–94 years living 

in long-term care facilities.52

Another study showed that a 10-week NW program 

significantly improved balance, functional mobility, and 

aerobic endurance (P=0.001, P=0.04, and P,0.0001, respec-

tively) in older adults aged .60 years.53 An improvement in 

functional mobility was also reported following a 12-week 

aerobic resistance training period in healthy older adults.54

However, Takeshima et al reported a lack of improvement 

in balance (measured using the Balance Master Platform 

System and an 8-foot up-and-go test) after 12 weeks of NW 

training in older adults (8 men and 9 women; 70±5 years).17 

Although functional mobility improved in the NW group, it 

should also be noted that there was a discrepancy between 

the training effects indicated by previous research and the 

lack of a difference in balance improvement between the EG 

and CG. This finding prevents us from recommending NW 

as a superior exercise for functional mobility improvement 

in women with low bone mass.

The present study demonstrated that 12 weeks of NW train-

ing improved functional performance in women with low bone 

mass. A significant increase in the distance covered during a 

6-minute walk is not surprising because previous results have 

suggested that NW is more effective than conventional walk-

ing in increasing oxygen consumption in healthy adults.16

Figueiredo et al demonstrated that NW training and tra-

ditional walking training improved the gait speed and endur-

ance of the elderly. NW ES were moderate for a 6-minute 

walk (ES=0.53) and large for gait speed (ES=0.68). Walking 

demonstrated a moderate ES for a 6-minute walk (ES=0.53) 

but a small size for gait speed (ES=0.33).55

Other scientists have observed that regular NW train-

ing (8–13 weeks) in women increases high-density lipo-

protein levels and maximal oxygen uptake and reduces 

total cholesterol, low-density lipoprotein, and triglyceride 

levels.19,56,57 The results of the current study are worth 

highlighting because they can be essential in constructing 

training programs targeted at fall prevention in women 

with lower bone mass. Park et al reported that a decline in 

physical performance leads to a deterioration in the ability 

to cope with physical challenges on a daily basis and may 

increase one’s fear of falling regardless of previous experi-

ence with falls.58 Moreover, in women with decreased bone 

mass, the loss of muscle strength may have worse clinical 

implications because of the relationship between reduced 

mobility and a possible fall and its consequences. Brech 

et al indicate that knee extensor or muscle strengthening 

through physical activity programs may be an alternative 

for preventing falls.43

Hence, specific physical activity programs targeting 

muscle strength and postural balance should be encouraged 
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and should be commenced before menopause or at the onset 

of menopause.42

Limitations
This study was limited by various factors. First, the sample size 

for analysis was small owing to the number of participants who 

were excluded. The recruitment process aimed to minimalize 

the effects of variables that could impact the main purpose 

of the study. Thus, ultimately, only 45 of 740 women were 

involved in the research project. Second, the subjects who 

participated in this study were recruited from the University 

of the Third Age and voluntarily attended a health examina-

tion. Women with fragile health did not take part in this study, 

which might have affected the results. Third, this study did 

not indicate the presence of sarcopenia in the tested women. 

However, all the participants had low bone mass, consis-

tent with the aim of the study. These limitations may have 

contributed to the underestimation of certain relationships.

Conclusion
The current study showed that 12 weeks of NW training 

induced significant increases in SM, SMI, knee isometric mus-

cle strength, functional performance, and functional mobility. 

Moreover, NW training was effective in decreasing BM, BMI, 

and percent fat mass in older women with low bone mass.

The results could provide important clinical implications 

for therapists to pay more attention to NW training when 

selecting appropriate therapeutic methods, particularly in 

increasing knee muscle strength and functional performance 

in women with osteopenia and osteoporosis.
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