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Abstract: Nordic walking is an increasingly popular form of exercise among the elderly. Using poles
is thought to facilitate a more upright posture; however, previous studies primarily investigated the
effects of Nordic walking on respiratory function and physical fitness. The aims of this study were to
investigate the influence of Nordic walking on spinal posture, physical functions, and back pain in
community-dwelling older adults. Thirty-one community-dwelling older adults aged ≥ 60 years
participated in a twice weekly Nordic walking training program for 12 weeks. The outcome measures,
including spinal posture, physical functions, back pain, and the strength and endurance of back
extensor muscles were assessed before and after a 12-week program. After training, spinal posture,
back pain, and the strength and endurance of back extensor muscles did not show any statistically
significant changes. Among the seven clinical tests of physical function, only the 30 s arm curl test,
the 30 s chair stand test, and the single leg stance test showed significant improvements. Nordic
walking has limited influence on age-related hyperkyphosis and back pain, but may be effective for
physical function. The results of this study can provide useful information for people involved in the
prevention and treatment of physical dysfunction in community-dwelling older adults.
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1. Introduction

The prevalence of thoracic hyperkyphosis is estimated to be between 20% and 40%
among older adults aged 60 and over [1]. Normally, the thoracic spine presents with
a small amount of kyphotic curvature because of the shape of the vertebral bodies and
intervertebral discs [2]. The mean thoracic kyphosis in people under 40 years old is between
20◦–29◦ [3]. After late middle age, the kyphotic angle tends to rapidly increase, especially
in women [4].

Increased thoracic kyphosis is associated with several significant health consequences,
including back pain, impaired physical function, reduced lung function, impaired balance,
increased incidence of falls and future fracture risk, decreased quality of life, and increased
mortality [2,3]. Ordu et al. found that patients with pathologic kyphosis > 40◦ had
significantly lower forced vital capacity and respiratory rate than those with normal
physiologic kyphosis ≤ 40◦ [5]. Kado et al. reported significantly a higher percentage of
hyperkyphotic posture among older adults who fell than those who did not fall (36.3%
versus 30.2%, p = 0.015) [6]. In a following study, Kado et al. reported that older adults
with even slight hyperkyphosis (the occiput-to-table distance ≥ 1.7 cm when lying supine
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on an examination table) had a 1.44 times greater rate of mortality than those without
hyperkyphotic posture [7].

Many risk factors are thought to contribute to hyperkyphosis in older adults. The
most recognized risk factors are vertebral fractures and osteoporosis [2]; however, one
early study suggests that vertebral fractures only explained about 42–48% of kyphosis
variance [8]. The degenerative change of the anterior longitudinal ligament is another
proposed risk factor [1]. The decreased elasticity of connective tissues can affect the ability
to attain an upright posture and contribute to an increase in the Cobb angle of kyphosis.
Back extensor strength has also been shown to be negatively associated with the kyphosis
angle in older women [9,10]. Mika et al. examined thoracic kyphosis, back extensor
strength, and bone mineral density in 189 women aged 50–80 years [9]. The result of
multivariate analyses showed that only back extensor strength might influence thoracic
kyphosis.

Many exercise-based interventions have focused on modifiable risk factors such as
muscle strength and flexibility in order to rehabilitate age-related hyperkyphosis in older
adults [11–15]. Nordic walking is a particular form of walking, and involves the use
of specially designed walking poles in opposition to lower limb locomotion. From a
biomechanical perspective, using the poles is thought to facilitate a more upright posture;
however, there are only limited scientific reports examining the effect of Nordic walking on
spinal posture in older adults [16–18]. The results are inconsistent, and none of the studies
used radiographic images to assess thoracic kyphosis.

As the population rapidly ages, the prevalence of age-related hyperkyphotic posture
and spinal pain in older adults are expected to increase. If left untreated, hyperkypho-
sis may cause physical impairments and dysfunction as mentioned above, and impact
older adults’ general health. Nordic walking engages the whole body and also provides
extra stability during walking. Once someone overcomes the poling technique, Nordic
walking may be a safe and alternative exercise option to minimize the progression and
negative consequences of age-related hyperkyphosis. Nordic walking can also provide
health benefits for physical activity, such as improving maximum heart rate, peak oxygen
consumption, and body composition [19,20]. Therefore, the primary aim of this pilot study
was to investigate the influence of Nordic walking on spinal posture, physical function,
and back pain in community-dwelling older adults. The strength and endurance of back
extensor muscles were also measured before and after Nordic walking training.

2. Materials and Methods
2.1. Study Design

This was a single-group pretest-posttest study. The participants performed a 12-week
Nordic walking training program, and were instructed not to change their usual physical
activity. Data collection was conducted at the university’s laboratory and hospital. This
study was approved by the Institutional Review Board of National Cheng Kung University
Hospital (A-BR-108-015) and conducted in compliance with the Declaration of Helsinki.

2.2. Participants

A convenient sample of community-dwelling older adults was recruited from the local
communities around the university campus by flyers and from the relatives and friends of
the participants. The inclusion criteria were: (1) aged 65 or above; (2) able to communicate
and understand testing and exercise instructions; (3) able to walk unaided (i.e., without a
cane or walker); (4) have no range of motion limitation in the upper extremities affecting the
use of walking poles; (5) have no serious and limiting health conditions restricting exercise
participation. The exclusion criteria were: (1) cognitive impairment (Mini-Mental State
Examination < 23) [21]; (2) reported painful vertebral fractures in the previous 3 months;
(3) reported total hip or knee replacement or lower extremity fracture within the previous 6
months; (4) reported unexplained weight loss > 4.5 kg or ≥ 3 falls in the previous year; (5)
reported advanced disability or end-stage disease, major psychiatric illness, vestibular or



Healthcare 2021, 9, 1303 3 of 11

progressive neurologic disorder; (6) inability to pass safety tests for exercise participation
at the screening testing (gait speed < 0.6 m/s, inability to stand with feet together for
30 s, inability to actively flex shoulders to 90◦, and inability to move from standing to
supine position on a mat and return to standing independently or with the use of a nearby
chair) [22].

Once the preliminary study criteria were prescreened by telephone, a face-to-face screening
was scheduled for safety tests. When the participants came into the laboratory, they were
provided with an information sheet and informed about the purpose and procedures of the
study in details. If the participants met all the inclusion and exclusion criteria, the participants
then signed an informed consent to participate in the study (Figure 1).
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2.3. Intervention

The Nordic walking training program was conducted twice a week for 12 weeks
and supervised by a qualified Nordic walking instructor and a trained assistant. The
participants were instructed not to take up any additional forms of physical activity, and
not to change their current eating and exercise habits during the training period.

The Nordic walking training program was created by qualified Nordic walking in-
structors and conducted in a city park (Figure 2). Each class comprised approximately
10 min of warm-up exercises, 20 min of strengthening exercises, 30 min of Nordic walking,
20 min of aerobic and balance exercises, and 20 min of cool-down exercises [19] (Table S1).
The warm-up exercises included gentle stretching and breathing that gradually adjusts the
participants to a higher intensity of exercise and reduces the risk of injuries. Strengthening
exercises were performed for the major muscle groups in the upper and lower extremities
with the poles and elastic resistance bands. For the main exercise, the participants were
instructed to the proper poling technique first and then walked around the park with the
poles. Considering that the participants were elderly, the exercise intensity was set by each
participant’s subjective rate of perceived exertion. The participants were encouraged to
gradually increase their walking distance and pace during the training period. After the
main exercise, step exercises, intermittent running in place, or jumping were performed
to improve aerobic capacity and coordination, and tandem or single leg stance were per-
formed to improve dynamic balance. Finally, cool-down exercises were performed for
stabilizing and restoring normal cardiorespiratory function.

2.4. Outcome Measures

The participants performed the same set of tests at the beginning and end of the
training. The primary outcome measures included spinal posture (thoracic kyphosis angle
and sagittal alignment), physical function, and back pain. The secondary outcome measures
were the strength and endurance of back extensors.
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2.4.1. Thoracic Kyphosis Angle

The thoracic kyphosis angle was assessed using the occiput-wall distance (OWD) [23].
The OWD is a simple measure used to screen thoracic kyphosis in clinical settings, and had
good concurrent validity with the Cobb angles (r = 0.68, p < 0.001) [23]. A rigid ruler was
used to measure the distance between the occiput and the wall while the participant was
standing with both heels and the sacrum against the wall, maintaining a horizontal gaze.
The measurement was repeated twice, first in the usual standing posture, and then in the
best standing posture.

2.4.2. Sagittal Alignment

The sagittal alignment was assessed using the EOSTM imaging system [24]. The EOSTM

imaging system utilizes 2-dimesional X-rays acquired in an upright position technology to
reconstruct a 3-dimesional full spine model. A previous study reported that the EOSTM

imaging system has excellent intra-rater (ICC 0.90 to 0.98) and inter-rater (ICC 0.79 to
0.84) reliability for assessment of the sagittal alignment of the spine [25]. The standardized
imaging procedure was used, with the participant standing upright and arms folded at
45◦ to reduce superimposition on the spine. The following measurements were used for
data analysis (Figure 3) [25]: the angle between the superior endplate surface of the T4 and
the inferior endplate surface of the T12 (kyphosis T1/T12); the angle between the superior
endplate surface of the L1 and the inferior endplate surface of the L5 (lordosis L1/L5);
the angle formed by a line drawn between the center of the femoral head and the sacral
endplate (pelvic incidence, PI); the angle between a horizontal line and the slope of the
superior sacral endplate surface (sacral slope, SS); the angle between the vertical plumb line
from the femur head center and the center point of the superior sacrum endplate surface
(pelvic tilt, PT); the distance from the plumb line from the center of the C7 to the posterior
edge of the upper sacral endplate surface (sagittal vertical axis, SVA).

2.4.3. Physical Function

Physical function was assessed using the functional fitness test [26]. The test includes
measures of upper and lower body strength (the 30 s arm curl test and the 30 s chair stand
test), upper and lower body flexibility (the back scratch test and the chair sit and reach
test), aerobic endurance (the 2 min step test), and balance (the 2.44 m up-and-go test and
the single leg stance test). For the 30 s arm curl and chair stand tests, the number of lifts
or stands during 30 s was recorded. For the back scratch test and the chair sit and reach
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tests, the best distance (cm) of two trials was measured by a ruler. For the 2 m step test, the
number of steps in a single trial was recorded. For the 2.44 m up-and-go test and the single
leg stance test, the best time (sec) of two trials was measured by a stopwatch.
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2.4.4. Back Pain

Back pain in the previous week was assessed using a 11-point horizontal numeric
rating scale (NRS) with terminal descriptors of 0 (no pain) and 10 (worst pain possible).
The NRS has established clinimetric properties in low back pain, and a change of ≥2 points
represents a clinically meaningful improvement [27].

2.4.5. Strength and Endurance of Back Extensor Muscles

Back extensor strength was measured in the sitting position using a microFET2 dy-
namometer (Hoggan Health Industries Inc., Salt Lake City, UT, USA) [9]. The participant
was instructed to sit with the hips and knees flexed at 90◦ and arms crossed on the chest.
The upper edge of the dynamometer was aligned with the superior borders of the scapulae
across the midline. The participant was instructed to extend the trunk backward with
maximal effort. The maximum record in three trials was recorded.

Back extensor endurance was assessed using the Timed Loaded Standing test [13].
This test is safe for older adults with vertebral osteoporosis, and simulates functional
performance of the trunk during daily activities. The test demonstrates good test-retest
reliability (ICC = 0.84) and acceptable concurrent validity with functional performance
(Spearman’s rho = 0.52) [28]. The participant was instructed to hold a 2 lb. dumbbell in
each hand with the arm maintained at 90◦ of shoulder flexion and elbow extended. The
holding time was measured, and the average of two trials was calculated for data analysis.

2.5. Statistical Analysis

The statistical analysis was conducted using the statistical software SPSS (version 21.0,
IBM, New York, NY, USA). Continuous variables were checked by the Shapiro-Wilk tests for
normality. The descriptive statistics were summarized for all demographics and dependent
variables. The normally distributed data was expressed as a mean and standard deviations
(SD), and non-normally distributed data was expressed as a median and interquartile
range (IQR). A Wilcoxon signed rank test was used to analyze the difference in back pain
before and after the training. A paired t-test was used to analyze the difference in the other
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dependent variables. The effect size (d) was calculated and interpreted according to the
benchmarks provided by Cohen: small (d = 0.2), medium (d = 0.5), and large (d = 0.8)
effects [29]. The level of statistical significance was set at p < 0.05.

3. Results

Forty-six community-dwelling older adults were initially screened for eligibility, and
31 people (9 men, 24 women; median age 71 years, IQR 61–81 years; mean height 157.3 cm,
SD 7.7 cm; mean weight 57.4 kg, SD 11.7 kg; median body mass index 23.4 kg/m2, IQR
19.0–27.8 kg/m2) met the inclusion and exclusion criteria and agreed to participate. One
participant underwent surgery for a chronic condition and could not complete the training.
Her husband decided to drop out at the same time. This resulted in a total of 29 participants
for data analysis. Table 1 summarizes the characteristics of participants at baseline. The
participants completed a minimum of 19 out of 24 classes, and the average completed
classes are 23.0 ± 1.5.

Table 1. Baseline characteristics of study participants (n = 29).

Variable All Participants

Gender 8 men, 23 women
Age (year) 70 (8)

Height (cm) 157.2 (8.0)
Weight (kg) 57.2 ± 12.0

Body mass index (kg/m2) 22.6 (4.6)
Mini-Mental State Examination (score) 29 (3)

High blood pressure 8/34.5%
Diabetes 5/17.2%

Osteoporosis 7/24.1%
Knee arthritis 5 (17.2%)
Heart diseases 5 (17.2%)

Parkinson disease 1 (3.4%)
Stroke 1 (3.4%)

Education
Primary school and illiterate 4/13.7%

High school 10/34.5%
College and above 15/51.7%

Marital Status
Married 23/79.3%

Single, widowed, and divorced 6/20.7%
Physical Activity Level 1

High 11/37.9%
Moderate 17/58.6%

Low 1/3.4%
Note. Data are presented as mean ± standard deviations, median (interquartile range), or number/percentage.
1 Categorized according to the results of the International Physical Activity Questionnaire.

Table 2 summarizes the outcome measures before and after the training. There was
no significant difference in the thoracic kyphosis angle, sagittal alignment, and strength
and endurance of back extensor muscles (p > 0.05). A statistically significant improvement
was noted in some measures of physical function, specifically the 30 s arm curl test (95%
confidence interval [CI] [0.10, 2.32], p = 0.034), the 30 s chair stand test (95% CI [0.12, 1.74],
p = 0.026), and the single leg stance test (95% CI [2.80, 9.41], p = 0.001).

None of the participants reported any upper back pain before or after training.
Figure 4 illustrates the distribution of the NRS score for lower back pain. Among nine (31%)
participants with lower back pain before training, six participants reported improvement
in the NRS score, two participants reported worsening, and one reported unchanged after
training. The Wilcoxon signed rank test showed no significant difference in the NRS scores
for lower back pain before and after the training program (Z = −0.81, p = 0.421).
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Table 2. Changes in outcome measures before and after the pole walking exercise program.

Outcome Measures Pre-Test Post-Test ∆ p d

Thoracic kyphosis angle
OWD (usual, cm) 6.79 ± 3.64 6.44 ± 2.53 −0.35 0.419 0.15
OWD (best, cm) 4.86 ± 4.81 4.81 ± 2.15 −0.04 0.917 0.02
Sagittal alignment

T1/T12 kyphosis (◦) 44.31 ± 9.80 44.42 ± 10.03 −0.12 0.891 0.03
L1/L5 lordosis (◦) 26.04 ± 14.99 25.54 ± 14.79 0.50 0.383 0.17

Pelvic incidence (◦) 48.50 ± 12.05 48.04 ± 12.07 0.46 0.474 0.14
Sacral slope (◦) 31.27 ± 9.41 31.31 ± 9.37 −0.04 0.952 0.12

Pelvic tilt (◦) 17.12 ± 8.09 16.81 ± 8.34 0.31 0.415 0.16
Sagittal vertical axis (mm) 36.04 ± 27.06 40.38 ± 26.10 −4.35 0.204 0.26

Physical function
30-s biceps curl (time) 17.07 ± 3.67 18.28 ± 3.74 1.21 0.034 * 0.41
30-s chair stand (time) 17.07 ± 4.54 18.00 ± 4.33 0.93 0.026 * 0.44

Back scratch (cm) 1.37 ± 9.72 1.97 ± 8.23 0.60 0.400 0.16
Chair sit and reach (cm) 9.84 ± 17.34 7.98 ± 17.28 −1.86 0.051 0.38

2-min step (time) 95.62 ± 21.27 98.93 ± 19.82 3.31 0.308 0.19
2.44-m up-and-go (s) 5.83 ± 1.38 5.86 ± 1.16 0.03 0.798 0.05
Single leg stance (s) 19.74 ± 11.48 25.85 ± 7.76 6.10 0.001 * 0.70

Back extensor strength (N) 39.27 ± 7.83 39.52 ± 7.44 0.25 0.855 0.03
Back extensor endurance (s) 148.55 ± 91.37 170.33 ± 115.10 21.79 0.053 0.38

Note. Data are presented as mean ± standard deviations. OWD = occiput-to-wall distance. ∆ = mean difference. d = effect size. * p < 0.005.
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4. Discussion

Nordic walking is an increasingly popular form of exercise for older adults. The aim
of this pilot study was to determine the influence of Nordic walking on the improvement
of spinal posture, physical function, back pain, and the strength and endurance of back
extensor muscles in community-dwelling older adults. The results showed that a 12-week
Nordic walking training program did not significantly improve spinal posture, back pain,
or the strength and endurance of back extensor muscles. Among seven clinical tests of
physical function, only the tests for upper and lower body strength and balance showed
improvement.

4.1. Spinal Posture

Nordic walking requires the forward inclination of the trunk, resulting in a smaller
trunk flexion angle [16] and increased activation of the trunk muscles [30]. However, there
are limited scientific reports examining the effect of Nordic walking on spinal posture
in older adults [16–18]. The results of insignificant changes of spinal posture in this
study are consistent with two previous studies, which found that 6–8 weeks of Nordic
walking training did not significantly alter spinal posture during walking in healthy, older
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adults [16] and elderly women with Parkinson’s disease [18]. In contrast, a previous
study showed that, compared to general gymnastics, eight weeks of Nordic walking
training significantly reduced thoracic kyphosis of middle-aged women after breast cancer
treatment [17].

Several reasons may account for the inconsistent findings on spinal posture between
multiple studies. First, according to the diagnostic cut-off point of 6.5 cm with the OWD
test [23], only 10 participants in this study were considered to have thoracic hyperkyphosis.
Therefore, the insignificant changes in spinal posture might be largely due to the ceiling
effect. Second, the duration and format of exercise-based intervention can influence the
effectiveness of Nordic walking training. A previous study suggested that at least eight
weeks is necessary to acquire the poling technique and gain possible benefits [16]. Although
the duration of 12-week Nordic walking training in this study should have been sufficient,
group training might have had some disadvantages. It may have been challenging for the
instructor to ensure that every participant performed the poling technique perfectly and
also achieved individual, optimal exercise intensity. Moreover, a previous study found
that the significant correlation between thoracic kyphosis and back extensor strength only
existed in women with weak back extensor strength < 35 N [9]. A loss of back extensor
strength can compromise the capability of generating spinal extension movement, which
leads to an increase in the kyphotic angle. The insignificant changes of spinal posture in
this study may be related to the baseline characteristics of participants and insignificant
improvement in the strength and endurance of back extensor muscles.

Thoracic hyperkyphosis is a commonly recognized postural problem in older adults;
however, evidence on the age-related deterioration of spinal posture for both genders is
controversial. Uehara et al. reported a gender difference in spinal alignment deviation
in a cohort of 413 older adults (50–89 years old) who were randomly sampled from the
resident registry of a rural area in Japan [31]. Although the global spinal alignment deviated
anteriorly with age for both genders, cervical protrusion was noticeable from a younger
age in men and decreased lumbar lordosis and sacral slope occurred earlier in women. The
results of a 4-year longitudinal cohort study conducted by Oe et al. in Japan also support
gender differences in changes of the spinal posture; however, no significant deterioration
was found in men’s cervical spine alignment and women’s lumbar lordosis [32]. This study
recruited both men and women. Analyzing the data as a whole may have contributed to
the insignificant findings in spinal posture.

4.2. Physical Function

The results of this study support the literature that Nordic walking as a mean of
physical activity provides health benefits for community-dwelling older adults [19,20,33].
In this study, 12 weeks of Nordic walking training led to an increase in upper and lower
body strength by 7.1% and 5.4%, respectively. Balance as measured by the single leg stance
test with eyes open also improved by 30.9%. However, these effect sizes were smaller than
those values reported by Bullo et al. using the same training duration and measurement
method (upper body muscle strength, 11.6–19.7%; lower body strength, 9.5–25.9%; balance,
133.9%) [19]. Furthermore, in contrast to their results [19], 12 weeks of Nordic walking
training in this study did not show any significant improvement in flexibility and aerobic
endurance. The difference between studies may be partly due to the different characteristics
of participants. Previous studies of Nordic walking targeted frail [34] or sedentary [35,36]
older adults, while some participants in this study were already physically active and
engaged in structured exercises at least two to three times a week.

4.3. Back Pain, Back Extensor Strength, and Back Extensor Endurance

The associations between hyperkyphosis and either back pain or strength and en-
durance of back extensor muscles were reported in previous studies [2,3]. The insignificant
findings in back pain, back extensor strength, and back extensor endurance in this study
likely resulted from no significant changes in spinal posture. Progressive loading and
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specificity are key determinants of effective resistance training [37]. Previous exercise
studies targeting age-related hyperkyphosis included back extensors exercises such as
prone trunk extension and arm lift standing against wall, and also used equipment such as
dumbbells, resistance bands, or weighted backpack [15]. Compared with previous studies,
isolated trunk exercise was not performed in this study. The effort of maintaining an
upright posture during Nordic walking might not be challenging enough for increasing
strength and endurance of back extensor muscles; therefore, positive results reported in
previous studies [12,38] were not found in this study.

4.4. Limitation and Strength

There were several limitations in this study. First, a single-group pretest-posttest study
does not allow comparison of the effect of Nordic walking training to walking without poles.
In addition, some participants had medical diseases and conditions such as osteoporosis,
knee arthritis, or Parkinson’s diseases, which may have influenced the results. This study
was conducted under the impact of COVID-19. The concern of getting sick seriously
influenced the willingness of community-dwelling older adults to participate in a group
exercise program. The influence of the pandemic also resulted in the decision to cancel the
follow-up assessment. Second, most participants in this study were physically active and
did not have severe thoracic hyperkyphosis, which may have limited the effectiveness of
the program, and also influenced a generalization of the results. The strength of this study is
that, in addition to clinical examination (the OWD test), spinal posture was assessed by the
new EOSTM imaging system. The use of EOS images allows radiographic measurements
with greater accuracy and reliability, and also provides information about sagittal balance
and pelvic parameters. Further study using a randomized controlled trial and recruiting a
larger group of community-dwelling older adults with more severe thoracic hyperkyphosis
will be required to determine the definitive effects of Nordic walking on spinal posture and
back pain.

5. Conclusions

Based on our preliminary findings, Nordic walking has limited influence on the im-
provement of spinal posture and back pain in community-dwelling older adults. However,
a 12-week Nordic walking training program has a potential to improve upper and lower
body strength and balance. The results of this study can provide useful information for
people involved in the prevention and treatment of physical dysfunction in community-
dwelling older adults. Future studies are needed to clarify the effects of Nordic walking in
older adults with age-related hyperkyphosis.
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17. Hanuszkiewicz, J.; Woźniewski, M.; Malicka, I. The influence of Nordic walking on isokinetic trunk muscle endurance and
sagittal spinal curvatures in women after breast cancer treatment: Age-specific indicators. Int J. Environ. Res. Public Health 2021,
18, 2409. [CrossRef] [PubMed]

18. Gougeon, M.A.; Zhou, L.; Nantel, J. Nordic Walking improves trunk stability and gait spatial-temporal characteristics in people
with Parkinson disease. NeuroRehabilitation 2017, 41, 205–210. [CrossRef]

19. Bullo, V.; Gobbo, S.; Vendramin, B.; Duregon, F.; Cugusi, L.; Di Blasio, A.; Bocalini, D.S.; Zaccaria, M.; Bergamin, M.; Ermolao,
A. Nordic walking can be incorporated in the exercise prescription to increase aerobic capacity, strength, and quality of life for
elderly: A systematic review and meta-analysis. Rejuvenation Res. 2018, 21, 141–161. [CrossRef]

20. Tschentscher, M.; Niederseer, D.; Niebauer, J. Health benefits of Nordic walking: A systematic review. Am. J. Prev. Med. 2013, 44,
76–84. [CrossRef]

21. Li, H.; Jia, J.; Yang, Z. Mini-mental state examination in elderly Chinese: A population-based normative study. J. Alzheimer’s Dis.
2016, 53, 487–496. [CrossRef]

22. Katzman, W.B.; Vittinghoff, E.; Kado, D.M.; Schafer, A.L.; Wong, S.S.; Gladin, A.; Lane, N.E. Study of hyperkyphosis, exercise and
function (SHEAF) protocol of a randomized controlled trial of multimodal spine-strengthening exercise in older adults with
hyperkyphosis. Phys. Ther. 2016, 96, 371–381. [CrossRef] [PubMed]

23. Wiyanad, A.; Chokphukiao, P.; Suwannarat, P.; Thaweewannakij, T.; Wattanapan, P.; Gaogasigam, C.; Amatachaya, P.; Amat-
achaya, S. Is the occiput-wall distance valid and reliable to determine the presence of thoracic hyperkyphosis? Musculoskelet. Sci.
Pract. 2018, 38, 63–68. [CrossRef] [PubMed]

http://doi.org/10.1007/s40520-016-0617-3
http://www.ncbi.nlm.nih.gov/pubmed/27538834
http://doi.org/10.2519/jospt.2010.3099
http://www.ncbi.nlm.nih.gov/pubmed/20511692
http://doi.org/10.3389/fendo.2020.00005
http://doi.org/10.1080/01616412.2017.1296654
http://doi.org/10.1093/gerona/62.6.652
http://doi.org/10.1111/j.1532-5415.2004.52458.x
http://doi.org/10.1093/ageing/12.3.225
http://www.ncbi.nlm.nih.gov/pubmed/6624608
http://doi.org/10.1097/01.brs.0000150521.10071.df
http://doi.org/10.1016/j.archger.2011.05.012
http://www.ncbi.nlm.nih.gov/pubmed/21831460
http://doi.org/10.1186/1743-0003-5-32
http://www.ncbi.nlm.nih.gov/pubmed/19032751
http://doi.org/10.1186/1471-2474-11-36
http://www.ncbi.nlm.nih.gov/pubmed/20163739
http://doi.org/10.1007/s00198-017-4109-x
http://doi.org/10.3233/BMR-169668
http://www.ncbi.nlm.nih.gov/pubmed/28968227
http://doi.org/10.1016/j.apmr.2013.06.022
http://doi.org/10.1123/japa.2015-0204
http://doi.org/10.3390/ijerph18052409
http://www.ncbi.nlm.nih.gov/pubmed/33801189
http://doi.org/10.3233/NRE-171472
http://doi.org/10.1089/rej.2017.1921
http://doi.org/10.1016/j.amepre.2012.09.043
http://doi.org/10.3233/JAD-160119
http://doi.org/10.2522/ptj.20150171
http://www.ncbi.nlm.nih.gov/pubmed/26251480
http://doi.org/10.1016/j.msksp.2018.09.010
http://www.ncbi.nlm.nih.gov/pubmed/30278368


Healthcare 2021, 9, 1303 11 of 11

24. Rehm, J.; Germann, T.; Akbar, M.; Pepke, W.; Kauczor, H.-U.; Weber, M.-A.; Spira, D. 3D-modeling of the spine using EOS
imaging system: Inter-reader reproducibility and reliability. PLoS ONE 2017, 12, e0171258. [CrossRef]

25. Kim, S.B.; Heo, Y.M.; Hwang, C.M.; Kim, T.G.; Hong, J.Y.; Won, Y.G.; Ham, C.U.; Min, Y.K.; Yi, J.W. Reliability of the eos imaging
system for assessment of the spinal and pelvic alignment in the sagittal plane. Clin. Orthop. Surg. 2018, 10, 500–507. [CrossRef]

26. Rikli, R.E.; Jones, C.J. Development and validation of criterion-referenced clinically relevant fitness standards for maintaining
physical independence in later years. Gerontologist 2013, 53, 255–267. [CrossRef]

27. Childs, J.D.; Piva, S.R.; Fritz, J.M. Responsiveness of the numeric pain rating scale in patients with low back pain. Spine 2005, 30,
1331–1334. [CrossRef]

28. Shipp, K.; Purser, J.; Gold, D.; Pieper, C.; Sloane, R.; Schenkman, M.; Lyles, K. Timed loaded standing: A measure of combined
trunk and arm endurance suitable for people with vertebral osteoporosis. Osteoporos. Int. 2000, 11, 914–922. [CrossRef]

29. Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for t-tests and ANOVAs.
Front. Psychol. 2013, 4, 863. [CrossRef] [PubMed]

30. Zoffoli, L.; Lucertini, F.; Federici, A.; Ditroilo, M. Trunk muscles activation during pole walking vs. walking performed at different
speeds and grades. Gait Posture 2016, 46, 57–62. [CrossRef]

31. Uehara, M.; Takahashi, J.; Ikegami, S.; Tokida, R.; Nishimura, H.; Sakai, N.; Kato, H. Sagittal spinal alignment deviation in the
general elderly population: A Japanese cohort survey randomly sampled from a basic resident registry. Spine J. 2019, 19, 349–356.
[CrossRef]

32. Oe, S.; Yamato, Y.; Hasegawa, T.; Yoshida, G.; Kobayashi, S.; Yasuda, T.; Banno, T.; Arima, H.; Mihara, Y.; Ushirozako, H.; et al.
Deterioration of sagittal spinal alignment with age originates from the pelvis not the lumbar spine: A 4-year longitudinal cohort
study. Eur. Spine J. 2020, 29, 2329–2339. [CrossRef]

33. Nemoto, Y.; Sakurai, R.; Ogawa, S.; Maruo, K.; Fujiwara, Y. Effects of an unsupervised Nordic walking intervention on cognitive
and physical function among older women engaging in volunteer activity. J. Exerc. Sci. Fit. J. 2021, 19, 209–215. [CrossRef]

34. Lee, H.S.; Park, J.H. Effects of Nordic walking on physical functions and depression in frail people aged 70 years and above. J.
Phys. Ther. Sci. 2015, 27, 2453–2456. [CrossRef]

35. Song, M.S.; Yoo, Y.K.; Choi, C.H.; Kim, N.C. Effects of nordic walking on body composition, muscle strength, and lipid profile in
elderly women. Asian Nurs. Res. 2013, 7, 1–7. [CrossRef]

36. Takeshima, N.; Islam, M.M.; Rogers, M.E.; Rogers, N.L.; Sengoku, N.; Koizumi, D.; Kitabayashi, Y.; Imai, A.; Naruse, A. Effects of
nordic walking compared to conventional walking and band-based resistance exercise on fitness in older adults. J. Sports Sci.
Med. 2013, 12, 422–430. [PubMed]

37. Kraemer, W.J.; Ratamess, N.A.; French, D.N. Resistance training for health and performance. Curr. Sports Med. Rep. 2002, 1,
165–171. [CrossRef] [PubMed]

38. Shahtahmassebi, B.; Hebert, J.J.; Hecimovich, M.; Fairchild, T.J. Trunk exercise training improves muscle size, strength, and
function in older adults: A randomized controlled trial. Scand. J. Med. Sci. Sports 2019, 29, 980–991. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0171258
http://doi.org/10.4055/cios.2018.10.4.500
http://doi.org/10.1093/geront/gns071
http://doi.org/10.1097/01.brs.0000164099.92112.29
http://doi.org/10.1007/s001980070029
http://doi.org/10.3389/fpsyg.2013.00863
http://www.ncbi.nlm.nih.gov/pubmed/24324449
http://doi.org/10.1016/j.gaitpost.2016.02.015
http://doi.org/10.1016/j.spinee.2018.06.346
http://doi.org/10.1007/s00586-020-06431-6
http://doi.org/10.1016/j.jesf.2021.06.002
http://doi.org/10.1589/jpts.27.2453
http://doi.org/10.1016/j.anr.2012.11.001
http://www.ncbi.nlm.nih.gov/pubmed/24149147
http://doi.org/10.1249/00149619-200206000-00007
http://www.ncbi.nlm.nih.gov/pubmed/12831709
http://doi.org/10.1111/sms.13415
http://www.ncbi.nlm.nih.gov/pubmed/30859637

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Intervention 
	Outcome Measures 
	Thoracic Kyphosis Angle 
	Sagittal Alignment 
	Physical Function 
	Back Pain 
	Strength and Endurance of Back Extensor Muscles 

	Statistical Analysis 

	Results 
	Discussion 
	Spinal Posture 
	Physical Function 
	Back Pain, Back Extensor Strength, and Back Extensor Endurance 
	Limitation and Strength 

	Conclusions 
	References

