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Abstract

Population ageing has increased the need for safe, accessible, and sustainable exercise
strategies that support functional capacity, independence, and healthy ageing. Nordic walk-
ing has been examined across physiological, functional, clinical, and health-related contexts;
however, previous research syntheses have generally focused on specific intervention ef-
fects, populations, or outcome categories, leaving the relationships among these research
strands insufficiently understood. This study combined CiteSpace-based bibliometric anal-
ysis with Latent Dirichlet Allocation (LDA) topic modeling to examine the knowledge
structure and thematic development of Nordic walking research in ageing-related popu-
lations from 2006 to 2025. A total of 263 publications indexed in the Web of Science Core
Collection were included in the final analysis. The results showed that research activity was
geographically concentrated, whereas institutional connections were relatively dispersed.
Co-citation patterns linked the field with exercise science, rehabilitation, gerontology, gait
analysis, and clinical health research. Keyword and temporal analyses indicated that re-
search attention expanded from the physiological and biomechanical characterization of
Nordic walking toward functional rehabilitation, chronic disease-related applications, and
broader health outcomes. The seven LDA-derived topics reflected health-outcome evalua-
tion, metabolic and cardiovascular indicators, functional rehabilitation, exercise physiology,
cognitive health, body composition and muscle function, and gait-related rehabilitation.
Rather than representing isolated research domains, these topics reveal an interconnected
knowledge structure linking exercise-related mechanisms, functional and clinical outcomes,
and broader ageing-related health concerns. Future research should improve interven-
tion reporting, adopt population-specific outcome selection, and strengthen the linkage
between exercise mechanisms and functional or health-related outcomes to support more
comparable and cumulative evidence.

Keywords: Nordic walking; ageing-related populations; older adults; functional rehabilitation;
topic modeling

1. Introduction
Population ageing has become an important public health and rehabilitation challenge

worldwide. With increasing age, older adults commonly experience declines in muscle
strength, balance control, gait stability, aerobic capacity, and functional mobility. These
changes can reduce independence in daily living, increase fall risk, and contribute to frailty,
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disability, and reduced quality of life [1–3]. Therefore, safe, accessible, and sustainable
exercise strategies are needed to preserve mobility, support functional capacity, and promote
healthy ageing [4–6].

Nordic walking is a walking-based exercise modality characterized by the active use
of poles during locomotion. Compared with conventional walking, it requires coordinated
movement of the upper limbs, trunk, and lower limbs, thereby transforming ordinary gait
into a more integrated whole-body activity. The poles may provide additional mechanical
support and improve perceived stability, while the active pushing action increases upper-
body and trunk involvement [7,8]. These characteristics make Nordic walking a potentially
suitable exercise strategy for older adults and for populations requiring low-cost, adaptable,
and community-based physical activity [9,10].

Existing studies have examined Nordic walking in relation to a range of ageing-related
health and rehabilitation outcomes. These include functional mobility, balance, gait per-
formance, walking capacity, cardiorespiratory fitness, body composition, quality of life,
and chronic disease-related rehabilitation. Nordic walking has also been investigated
among healthy older adults and individuals with conditions such as Parkinson’s disease,
cardiovascular disease, metabolic disorders, musculoskeletal limitations, and frailty-related
functional decline [11–13]. However, this evidence remains fragmented across participant
groups, intervention protocols, clinical contexts, and outcome domains. Studies differ con-
siderably in intervention duration, weekly frequency, supervision, comparator conditions,
and assessment methods. This heterogeneity complicates the synthesis of specific outcomes
and makes it difficult to determine how the different research strands are conceptually
related [14–16].

This fragmentation represents not only a methodological limitation but also a con-
ceptual gap. Existing studies have examined physiological responses, biomechanical char-
acteristics, functional mobility, clinical rehabilitation, cognitive health, and quality of life,
but these domains have often been treated as separate research outcomes. Consequently,
it remains unclear how exercise-related physiological and biomechanical adaptations are
connected with functional independence, rehabilitation outcomes, cognitive health, and
broader ageing-related health goals. Clarifying these relationships is important because the
relevance of Nordic walking to ageing-related populations cannot be understood solely
through isolated physiological or clinical outcomes. Instead, it requires an integrated
consideration of exercise mechanisms, functional performance, clinical relevance, and
health-related consequences [17,18].

Previous reviews and primary studies have predominantly addressed specific inter-
vention effects, clinical populations, or selected outcome domains. Comparative studies
have reported differences between Nordic walking and ordinary walking in physiolog-
ical demand and gait-related parameters. Studies involving older adults and clinical
populations have also reported outcome-specific findings related to functional capac-
ity, balance and mobility, cardiometabolic indicators, body composition, quality of life,
and rehabilitation. These studies provide useful evidence for particular populations and
outcomes. However, the evidence has accumulated across diverse participant groups,
intervention protocols, comparator conditions, and outcome measures. Consequently, it
remains difficult to see how these lines of research relate to one another and how the field
has developed over time. To complement this outcome-focused evidence, a combined
bibliometric and topic-modeling approach is appropriate for addressing these structural
and conceptual questions.

A combined bibliometric and topic-modeling approach is appropriate for addressing
these structural and conceptual questions. CiteSpace can identify collaboration networks,
co-citation patterns, keyword clusters, timeline structures, and burst terms, thereby reveal-
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ing the explicit knowledge structure and research fronts of the field [19,20]. Latent Dirichlet
Allocation (LDA) topic modeling can further identify latent semantic patterns from titles
and abstracts, providing a complementary text-based account of how research themes are
organized [21]. Integrating these approaches makes it possible to examine both the visible
bibliographic structure and the underlying thematic organization of the literature. In the
present study, these methods are used not to test a predefined theoretical model, but to
interpret how Nordic walking research has expanded across physiological mechanisms,
functional rehabilitation, clinical applications, cognitive health, and broader ageing-related
health outcomes.

Accordingly, the present study uses bibliometric analysis and LDA-based topic model-
ing to examine Nordic walking research in ageing-related populations from 2006 to 2025.
The study aims to: (1) describe the structural development of the field, including pub-
lication trends, major contributors, co-occurrence patterns, and intellectual foundations;
(2) identify the main research hotspots and emerging fronts within the retrieved ageing-
related Nordic walking corpus; (3) detect latent thematic patterns and topic relationships
using LDA topic modeling; and (4) clarify how research priorities have evolved over time.
Beyond providing a descriptive research map, this study seeks to offer an interpretive
account of how Nordic walking research has developed from the characterization of an
exercise modality toward a multidisciplinary research context involving functional capacity,
rehabilitation, cognitive health, chronic disease management, and healthy ageing.

2. Materials and Methods
2.1. Search Strategy and Data Retrieval

The literature search was conducted in the Web of Science Core Collection (WoSCC)
using the advanced search interface. WoSCC was selected as the sole data source to
maintain consistency across the bibliometric and topic-modeling analyses. The study
required a unified corpus containing standardized bibliographic records, citation links,
author information, institutional affiliations, keywords, abstracts, and cited references so
that publication trends, collaboration networks, keyword patterns, co-citation structures,
and LDA-derived topics could be analyzed using the same set of documents. The use of
a single database also reduced potential inconsistencies arising from duplicate records,
differences in cited-reference formats, variations in author and institutional names, and
unequal indexing practices across bibliographic databases.

Because the purpose of this study was to map Nordic walking research in ageing-
related populations, the search strategy was constructed around two concept clusters:
(1) Nordic walking-related terms and (2) older adult- or ageing-related terms. Health
promotion, functional rehabilitation, chronic disease management, and related clinical
applications were not used as mandatory search filters. Instead, they were treated as
thematic dimensions to be identified through keyword analysis, co-citation analysis, and
LDA topic modeling after retrieval. This decision was made to avoid further narrowing
the corpus and excluding relevant ageing-related studies that used heterogeneous termi-
nology for outcomes such as functional mobility, balance, physical fitness, quality of life,
cardiometabolic indicators, gait parameters, or rehabilitation outcomes. The search was
executed on 20 March 2026 in the Topic field. The following Boolean search string was
used: (“Nordic walking” OR “nordic walk*” OR “pole walking” OR “pole walk*” OR
“exerstrid*”) AND (“older adult*” OR elderly OR senior* OR aged OR ageing OR aging OR
“older people” OR “older person*” OR “older population*”). The initial search retrieved
records related to Nordic walking and ageing populations. The initial search identified
321 records. During screening, 16 records published outside the predefined publication
period of January 2006 to December 2025 were excluded, leaving 305 records. A further

https://doi.org/10.3390/healthcare14142061

https://doi.org/10.3390/healthcare14142061


Healthcare 2026, 14, 2061 4 of 22

30 records with document types other than Article or Review Article were excluded, result-
ing in 275 eligible records. After excluding 12 non-English publications, 263 publications
were retained for the final CiteSpace-based bibliometric analysis and LDA topic modeling.
The retrieval and screening process is summarized in Figure 1.

Figure 1. Flowchart of literature screening and study selection.

Eligible records were exported from WoSCC in plain-text format with full records
and cited references, including bibliographic information, abstracts, keywords, affiliations,
source journals, publication years, and cited references. These records formed the final
dataset for CiteSpace-based bibliometric analysis and LDA topic modeling. To improve
screening reliability, two authors independently assessed the retrieved records according
to the predefined eligibility criteria. The initial screening agreement was 91.3%, and any
discrepancies were resolved through discussion.

2.2. Eligibility Criteria

Records were screened according to predefined eligibility criteria. One reviewer
screened titles and abstracts to exclude clearly irrelevant publications, and a second re-
viewer checked uncertain cases and the final included records. Publications were eligible
if they focused on Nordic walking, pole walking, or exerstriding in older adults, elderly
participants, or ageing-related populations. Records were retained only when sufficient
bibliographic metadata, abstracts, keywords, or cited-reference information were available
for bibliometric and topic-modeling analyses. Health promotion, functional mobility, reha-
bilitation, chronic disease management, physical fitness, and related outcomes were not
applied as mandatory eligibility filters, but were examined as thematic dimensions within
the retrieved corpus. Records were excluded if they were unrelated to Nordic walking, did
not involve older adults or ageing-related populations, or lacked sufficient information for
bibliometric or topic-modeling analysis. Any uncertainties or disagreements were resolved
through discussion.
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2.3. Data Analyses

The analysis combined CiteSpace-based bibliometric visualization with LDA topic
modeling. Bibliometric analysis was used to examine publication trends, collaboration
networks, co-citation patterns, keyword relationships, and research fronts, while LDA topic
modeling was used to identify latent themes and their temporal changes.

The 263 eligible records were imported into CiteSpace software (version 6.3.R1; Drexel
University, Philadelphia, PA, USA) for bibliometric visualization and network analysis.
Analyses included country/region and institutional collaboration, keyword co-occurrence,
co-citation networks, burst detection, betweenness centrality, log-likelihood ratio (LLR)-
based cluster labeling, and timeline visualization. The time span was set from 2006 to
2025, with one year per time slice. The g-index selection criterion (k = 25) was applied,
and the networks were pruned using the minimum spanning tree (MST) algorithm. In the
resulting networks, node size represented frequency, and betweenness centrality was used
to identify bridging nodes.

LDA topic modeling was implemented using Gensim and estimated using online
variational Bayes. Titles and abstracts from the 263 included publications were combined
to construct the document-level corpus. Text preprocessing included lowercasing, tok-
enization, removal of punctuation and numbers, stop-word removal, and lemmatization.
General terms with limited thematic meaning were also removed where appropriate to
improve topic interpretability. The processed corpus was represented as a bag-of-words
document–term matrix. Candidate models with K values ranging from 2 to 10 were trained
using the same parameter configuration: passes = 50, iterations = 500, alpha = 1, eta = 0.1,
chunksize = 400, update_every = 1, and random_state = 42.

These candidate models were evaluated using perplexity and coherence (C_v) [22].
The final number of topics was selected by considering these indices together with the
interpretability of the resulting topic structures. Topic labels were assigned by examining
high-probability terms, topic-specific relevant terms, and semantic consistency. Topic
strength was calculated as the mean posterior probability of each topic across documents,
and temporal evolution was assessed by aggregating topic probabilities by publication year.
Finally, CiteSpace results and LDA-derived topics were interpreted together to identify
convergent hotspots, latent thematic structures, and changes in research priorities from
2006 to 2025.

3. Results
3.1. Publication Growth and Collaboration Landscape

Figure 2 shows the annual publication trend from 2006 to 2025. The overall pattern
indicates a gradual increase in research attention, but the growth was not linear. Before
2011, publication activity was limited, suggesting that Nordic walking had not yet become
a stable research topic in ageing and rehabilitation contexts. A clearer expansion occurred
after 2011, especially between 2013 and 2015, when annual output increased markedly.
Although publication numbers fluctuated after 2015, they generally remained higher than
in the early period, indicating sustained interest in Nordic walking as a health-related
and rehabilitation-oriented exercise strategy. The recent rebound in 2025 after a decline in
2024 further suggests that the field remains active, but its development may be shaped by
changing research priorities, target populations, and outcome domains.
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Figure 2. Trends in the annual number of publications from 2006 to 2025.

Figure 3 shows the country and institutional collaboration networks, and the top-
ranked nodes are summarized in Tables 1 and 2. At the country level, Poland was the most
prominent contributor, with the highest frequency and a high betweenness centrality value
(n = 79, centrality = 0.33). Italy (n = 25, centrality = 0.23), Canada (n = 20, centrality = 0.20),
and Finland (n = 16, centrality = 0.17) also showed relatively high frequencies and occupied
visible positions in the network. Spain had a lower frequency than these countries (n = 13),
but its centrality was also high (0.33), indicating that it may have acted as an important
connector in the collaboration network. Overall, the country network suggests that re-
search activity was concentrated around Poland and several European countries, while
collaboration also extended to non-European contributors, including Canada, the USA,
Australia, Japan, South Korea, and China.

The institutional co-occurrence network is presented in Figure 3b and the top-ranked
institutions are summarized in Table 2. The most frequent institutions were Gdansk Uni-
versity of Physical Education and Sport (n = 23), Poznan University of Physical Education
(n = 16), Fahrenheit Universities (n = 16), and Medical University Gdansk (n = 15). Other
frequently occurring institutions included the University of Gothenburg (n = 8), Akademia
Wychowania Fizycznego im. Jerzego Kukuczki w Katowicach (n = 8), the University of
Eastern Finland (n = 7), Kazimierz Wielki University (n = 7), Karolinska Institutet (n = 6),
and the University of Turku (n = 5). Most institutions showed low betweenness centrality
values, suggesting that institutional collaboration in this field was relatively dispersed and
that stronger cross-institutional collaboration may be needed in future research.

Table 1. Top 10 countries in the co-occurrence network.

Rank Country Frequency Centrality Year

1 Poland 79 0.33 2009
2 Italy 25 0.23 2010
3 Canada 20 0.20 2011
4 Finland 16 0.17 2007
5 Spain 13 0.33 2015
6 Japan 13 0.00 2013
7 Sweden 13 0.16 2010
8 USA 13 0.18 2012
9 France 11 0.03 2008

10 Australia 11 0.14 2011
Note: Frequency indicates the number of occurrences in the co-occurrence network. Centrality refers to between-
ness centrality. Year indicates the first year in which the country/region appeared in the co-occurrence network.
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Table 2. Top 10 institutions in the co-occurrence network.

Rank Institution Frequency Centrality Year

1 Gdansk University of Physical Education and Sport 23 0 2014
2 Poznan University of Physical Education 16 0 2015
3 Fahrenheit Universities 16 0 2015
4 Medical University Gdansk 15 0.01 2005
5 University of Gothenburg 8 0.01 2010

6 Akademia Wychowania Fizycznego im. Jerzego
Kukuczki w Katowicach 8 0.01 2014

7 University of Eastern Finland 7 0.01 2013
8 Kazimierz Wielki University 7 0.01 2015
9 Karolinska Institutet 6 0.01 2011
10 University of Turku 5 0 2013

Note: Frequency indicates the number of occurrences in the co-occurrence network. Centrality refers to between-
ness centrality. Year indicates the first year in which the country/region appeared in the co-occurrence network.

 
(a)  (b) 

Figure 3. Country and institutional co-occurrence networks. (a) Country co-occurrence network;
(b) institutional co-occurrence network. Node size represents publication frequency and links indicate
co-occurrence relationships between countries or institutions. Frequency values for the top-ranked
countries and institutions are summarized in Tables 1 and 2, respectively.

3.2. Intellectual Base and Co-Citation Structure

Figure 4a presents the journal and reference co-citation networks. The journal co-
citation network comprised 416 nodes and 1082 links, with a density of 0.0125, whereas the
reference co-citation network comprised 558 nodes and 560 links, with a density of 0.0036.
Both networks showed a well-defined clustering structure (Q = 0.758; S = 0.9739). The
journal co-citation network shows that the knowledge base of this field was mainly drawn
from sport and exercise science, rehabilitation, gerontology, and clinical health research.
The detailed ranking of co-cited journals is provided in Supplementary Table S1. The
most frequently co-cited journals were Medicine & Science in Sports & Exercise (n = 146),
European Journal of Applied Physiology (n = 105), Scandinavian Journal of Medicine &
Science in Sports (n = 103), PLOS ONE (n = 87), and Research Quarterly for Exercise and
Sport (n = 86). Other highly co-cited journals, including the American Journal of Preventive
Medicine, International Journal of Sports Medicine, Journal of Physical Therapy Science,
Journal of the American Geriatrics Society, and Clinical Interventions in Ageing, further
indicate that this research area is supported by both exercise-related and health-oriented
evidence sources.
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(a) 

(b) 

Figure 4. Journal and reference co-citation networks. (a) Journal co-citation network. (b) Refer-
ence co-citation network. Node size represents co-citation frequency, and links indicate co-citation
relationships between nodes.

The reference co-citation network (Figure 4b) identifies the publications that were
most frequently cited together and therefore formed the core intellectual base of subsequent
studies. As shown in Table 3, Tschentscher et al. (2013) was the most frequently co-
cited reference (n = 34, centrality = 0.19), followed by Gomeñuka et al. (2019; n = 18),
Bullo et al. (2018; n = 18), Figard-Fabre et al. (2011; n = 17), and Parkatti et al. (2012;
n = 17). Pellegrini et al. (2017) had a lower co-citation frequency (n = 14), but showed the
highest centrality among the top-ranked references (centrality = 0.28), suggesting that it
occupied an important bridging position in the co-citation structure [23–26]. Taken together,
these co-cited references indicate that the intellectual base of the field has developed
around four connected strands: Nordic walking intervention evaluation, physiological and
biomechanical response, gait and functional assessment, and rehabilitation- or clinically
oriented applications.

Table 3. Top 10 co-cited references.

Rank Co-Cited Reference Frequency Centrality Year

1 Tschentscher M, 2013, American Journal of Preventive Medicine 34 0.19 2013
2 Gomeñuka NA, 2019, PLOS ONE 18 0.03 2019
3 Bullo V, 2018, Rejuvenation Research 18 0.05 2018
4 Figard-Fabre H, 2011, International Journal of Sports Medicine 17 0.07 2011
5 Parkatti T, 2012, Journal of Aging and Physical Activity 17 0.12 2012
6 Shim JM, 2013, Journal of Physical Therapy Science 15 0.02 2013
7 Takeshima N, 2013, Journal of Sports Science and Medicine 15 0.04 2013
8 Pellegrini B, 2017, Gait & Posture 14 0.28 2017
9 Pellegrini B, 2015, PLOS ONE 13 0.03 2015

10 Pellegrini B, 2018, PLOS ONE 12 0.14 2018
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3.3. Keyword Hotspots and Thematic Clustering

The keyword network showed that the visible research vocabulary of the field was
centered on Nordic walking, physical activity, exercise therapy, aerobic training, quality of
life, physical fitness, and older adults. Disease- and rehabilitation-related terms, including
Parkinson’s disease, cardiac rehabilitation, peripheral arterial disease, and breast cancer,
also appeared in the network, suggesting that Nordic walking has been examined not only
as a general physical activity modality but also in relation to functional health, rehabilitation,
and specific clinical populations (Figure 5a).

(a)  (b) 

Figure 5. Keyword co-occurrence and clustering networks. (a) Keyword co-occurrence network.
(b) Keyword clustering network. Node size represents keyword frequency and links indicate co-
occurrence relationships between keywords.

The clustering results further organized these keywords into ten relatively well-defined
groups. The largest clusters were #0 Nordic walking (size = 43, silhouette = 0.993, mean
year = 2017), #1 physical activity (size = 31, silhouette = 0.983, mean year = 2020), #2
exercise therapy (size = 29, silhouette = 0.920, mean year = 2017), and #3 aerobic training
(size = 25, silhouette = 0.975, mean year = 2018). The remaining clusters were #4 body
composition, #5 Parkinson’s disease, #6 resistance training, #7 coronary artery disease,
#8 EMG co-activation, and #9 New York Heart Association. These clusters indicate that
the field has developed around both general exercise-related themes and more specific
rehabilitation or disease-oriented applications (Figure 5b).

3.4. Evolution of Research Fronts over Time

The timeline visualization indicates that the research fronts developed from general
exercise-related and physiological topics toward more population- and health-oriented
applications. Early terms such as energy expenditure, oxygen consumption, pole walking,
and physical fitness suggest that initial studies focused on the physiological and functional
characteristics of Nordic walking. Over time, the field expanded toward older adults,
Parkinson’s disease, exercise therapy, aerobic training, body composition, and quality of
life, indicating a growing interest in Nordic walking as an intervention strategy in ageing,
rehabilitation, and chronic disease contexts (Figure 6a).
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(a) 

 
(b) 

Figure 6. Temporal evolution and burst keywords of research fronts. (a) Timeline visualization of
keyword clusters. (b) Top keywords with the strongest citation bursts. Red-green lines indicate
the overall observation period, while red segments denote the years in which the corresponding
keywords experienced strong citation bursts.

The burst keyword analysis further shows this temporal shift. Earlier bursts, including
energy cost (2008–2010), pole reaction forces (2009–2011), primary health care (2011–2013),
and physical health (2012–2014), were mainly related to physiological demand, movement
characteristics, and general health promotion. Later bursts, such as metabolic syndrome,
Parkinson’s disease, physical rehabilitation, and postural balance, reflected increasing
attention to disease-related rehabilitation and functional outcomes. More recent bursts,
including quality of life (2019–2021), coronary artery disease (2020–2023), physical activity
(2021–2022), geriatric medicine (2021–2022), peripheral arterial disease (2023), sedentary
behavior (2023), and systematic review (2023), suggest that current research has become
more closely connected with clinical relevance, ageing-related health, lifestyle behavior,
and evidence synthesis (Figure 6b).

3.5. LDA-Based Latent Topic Identification

To characterize the latent thematic structure of the corpus, LDA topic modeling was
performed on the titles and abstracts of the included records. Candidate LDA models
with K values ranging from 2 to 10 were evaluated using the C_v coherence score and
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the interpretability of the resulting topic keywords. As shown in Figure 7a, the coherence
scores reached their highest value at K = 7. Figure 7b shows that perplexity continued
to decrease as K increased, but the incremental reduction became smaller after K = 7. In
addition, inspection of the topic keyword profiles indicated that the seven-topic solution
produced interpretable and distinguishable topics. Therefore, K = 7 was selected as the
final topic number for subsequent topic identification and temporal analysis.

 
(a) (b) 

Figure 7. Coherence and perplexity plots for LDA topic-number selection. (a) C_v coherence score
plot. (b) Perplexity plot.

Based on the selected seven-topic solution, the LDA visualization revealed a latent
semantic structure with several related but distinguishable thematic areas. As shown in
Figure 8, the intertopic distance map showed that the seven topics were distributed across
different regions of the semantic space, suggesting that the corpus was not dominated by
a single homogeneous topic. The salient terms across the corpus, including gait, patient,
muscle, pole, quality, strength, cognitive, body composition, resistance, pressure, and rehabilitation,
indicate that the literature was broadly organized around the links between Nordic walking,
physical function, rehabilitation, physiological adaptation, and health-related outcomes
across different populations. Topic labels were assigned according to high-probability terms,
topic-specific relevant terms, and semantic coherence within each topic. Topic-specific
relevant-term distributions are provided in Supplementary Figure S1.

 
Figure 8. Intertopic distance map and salient terms of the LDA model. In the intertopic distance map,
each circle corresponds to one LDA topic, and its size reflects the topic’s relative prevalence in the
corpus. The spatial distance between circles represents semantic dissimilarity across topics. The bar
chart displays the top salient terms across the corpus.
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Topic 1 was labeled “Health outcomes and evaluative evidence.” This topic repre-
sents a broad evaluative cluster centered on the health-related effects and evidence base of
Nordic walking. Its high-probability terms included quality, health, outcome, risk, therapy,
treatment, disease, fall, musculoskeletal, systematic, database, randomized, report, and
assessment. Together, these terms indicate studies that assessed Nordic walking in relation
to quality of life, disease or fall risk, musculoskeletal health, and general intervention out-
comes. At the same time, terms such as systematic, database, randomized, and assessment
suggest that this topic also included work concerned with evidence synthesis and outcome
evaluation. Compared with topics focused on a specific mechanism or disease group,
Topic 1 therefore reflects a more general evidence-oriented strand of the literature, where
Nordic walking is evaluated as a health-promoting intervention across broader populations
and outcomes.

Topic 2 was labeled “Metabolic health and cardiovascular risk indicators.” This topic
was defined by terms such as glucose, blood, pressure, lipid, overweight, metabolic,
cholesterol, systolic, anthropometric, weight, body, mass, diet, patient, and rehabilitation.
These terms indicate a focus on quantifiable cardiometabolic and anthropometric outcomes,
including blood glucose, blood pressure, lipid profile, cholesterol level, body weight, and
body composition-related indicators. In contrast to the broader evaluative orientation of
Topic 1, Topic 2 reflects a more measurement-based strand of the literature, where Nordic
walking is examined in relation to chronic disease risk factors and metabolic health. Terms
such as program, week, control, and rehabilitation further suggest that this topic was often
embedded in structured intervention or rehabilitation settings, where changes in health
indicators were evaluated over a defined training period.

Topic 3 was labeled “Clinical rehabilitation and functional fitness improvement.” This
topic was defined by terms such as patient, walking, test, rehabilitation, outcome, fitness,
capacity, distance, functional, balance, score, cardiovascular, coronary, heart, pain, speed,
and knee. These terms indicate a focus on rehabilitation-oriented applications of Nordic
walking, with outcomes commonly related to walking distance, balance, exercise capac-
ity, functional test scores, pain, and physical fitness. The appearance of cardiovascular,
coronary, heart, and treadmill suggests that some studies also involved cardiac or car-
diovascular rehabilitation settings. In contrast to Topic 2, which centered on measurable
cardiometabolic indicators, Topic 3 reflects a more function-oriented strand of the literature,
where Nordic walking is examined in relation to physical capacity, mobility, and practical
rehabilitation outcomes.

Topic 4 was labeled “Exercise physiology and energy metabolism.” This topic was
defined by terms such as pole, walking, body, energy, oxygen, rate, force, intensity, physio-
logical, speed, heart, expenditure, metabolism, consumption, and response. These terms
indicate a focus on the physiological and metabolic demands of Nordic walking, including
energy expenditure, oxygen uptake, exercise intensity, heart-related responses, movement
speed, and force production. In contrast to Topic 2, which centered on cardiometabolic risk
indicators, Topic 4 was more closely related to the acute physiological load and exercise-
response characteristics of Nordic walking. The appearance of pole, limb, force, and
parameter further suggests that movement mechanics and pole-assisted locomotion were
also important elements of this topic.

Topic 5 was labeled “Cognitive function and health maintenance.” This topic was
characterized by terms such as walking, Nordic, cognitive, function, test, adult, week,
aerobic, elderly, functional, capacity, session, control, health, healthy, ability, functioning,
vitamin, serum, and maintain. These terms suggest that this topic focused on the role of
Nordic walking in cognitive function and the maintenance of functional health, particularly
among older or generally healthy adults. In contrast to the rehabilitation-oriented focus
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of Topic 3, Topic 5 was more closely related to preventive health, regular aerobic activity,
cognitive performance, and functional capacity. The appearance of blood, serum, vitamin,
and beta further suggests that some studies also considered biological or nutritional markers
alongside cognitive or functional outcomes.

Topic 6 was labeled “Body composition, muscle strength, and nutritional supplemen-
tation.” This topic was defined by terms such as woman, muscle, body, strength, mass,
composition, functional, elderly, vitamin, upper, performance, test, supplementation, post-
menopausal, extremity, and flexibility. These terms indicate a focus on body composition,
muscle strength, functional performance, and flexibility, particularly in women, older
adults, or postmenopausal populations. In contrast to Topic 2, which centered on car-
diometabolic risk indicators, Topic 6 was more closely related to musculoskeletal function
and body structure. The appearance of vitamin and supplementation further suggests
that some studies also considered nutritional or supplementation-related factors alongside
Nordic walking when examining physical function and health maintenance.

Topic 7 was labeled “Gait parameters and Parkinson’s disease rehabilitation.” This
topic was characterized by terms such as gait, pole, walking, speed, length, Parkinson,
parameter, disease, step, pattern, motor, stride, motion, phase, posture, cycle, velocity, and
movement. These terms suggest that the topic focused on gait characteristics and motor-
control outcomes, including walking speed, step or stride length, gait pattern, movement
phase, posture, and velocity. The appearance of Parkinson, motor, and disease further
indicates a close connection with rehabilitation studies involving Parkinson’s disease or
movement-related conditions. Compared with Topic 3, which captured broader functional
rehabilitation outcomes, Topic 7 was more specifically concerned with walking structure,
locomotor control, and neuromotor rehabilitation.

Across the seven topics, broad terms related to walking, health, function, and the body
appeared in more than one topic, whereas the dominant analytical emphasis of each topic
differed. Topic 1 covered broad health-outcome evaluation and evidence synthesis; Topic 2
focused on cardiometabolic risk and anthropometric indicators; Topic 3 addressed func-
tional and clinical rehabilitation; Topic 4 examined physiological responses and movement
mechanics; Topic 5 concerned cognitive health and preventive functional maintenance;
Topic 6 focused on body composition, musculoskeletal function, and supplementation-
related factors; and Topic 7 addressed gait characteristics, locomotor control, and Parkin-
son’s disease-related rehabilitation. Collectively, these topics represented complementary
thematic emphases spanning health-outcome evaluation, risk indicators, physiological
mechanisms, functional rehabilitation, and population-specific applications.

3.6. Topic Strength and Temporal Dynamics

Average topic strength was used to compare the relative weight of each latent topic
across the corpus. The results show that thematic attention was not evenly distributed
across the seven LDA topics (Figure 9). Topic 3 had the highest average strength (0.185),
suggesting that clinical rehabilitation and functional fitness improvement represented the
most prominent semantic focus. Topic 6 followed closely (0.180), indicating strong attention
to body composition, muscle strength, and nutritional supplementation. Topics 4 and 5
showed comparable intermediate strengths (0.155 and 0.154, respectively), reflecting sus-
tained interest in exercise physiology, energy metabolism, cognitive function, and health
maintenance. Topic 1 had a moderate strength value (0.127), whereas Topics 7 and 2
showed lower values (0.103 and 0.095, respectively), suggesting that gait-oriented Parkin-
son’s disease rehabilitation and cardiometabolic risk indicators were more focused but less
dominant thematic streams.
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Figure 9. Average topic strength across the seven LDA topics.

The yearly topic-strength results show temporal variation in the relative prominence
of the seven LDA topics. In the early years, Topic 3 and Topic 4 showed relatively higher
values in several individual years. These early-year values are interpreted as initial thematic
signals rather than stable temporal peaks. Topic 3 was associated with clinical rehabilita-
tion and functional fitness improvement, whereas Topic 4 reflected attention to exercise
physiology, energy expenditure, oxygen uptake, and exercise-response characteristics.

From the middle period onward, the thematic structure became more diversified.
Topic 2 increased during 2014–2016, indicating a temporary rise in attention to metabolic
health and cardiovascular risk indicators. Topic 5 showed noticeable values in 2008, 2012,
and again during 2019–2022, suggesting continued interest in cognitive function and health
maintenance. Topic 6 became more visible after 2018 and reached its highest value in 2024
(0.36), indicating growing attention to body composition, muscle strength, and nutritional
supplementation. In the most recent years, Topic 1 increased from 2022 onward and peaked
in 2025 (0.28), while Topic 7 also rose in 2025 (0.16), suggesting renewed attention to
health-outcome evaluation and gait- or Parkinson’s disease-related rehabilitation.

Overall, the temporal topic-strength patterns suggest that Nordic walking research
did not develop along a single linear trajectory. Early studies were more strongly centered
on functional rehabilitation and physiological response, whereas later studies showed a
broader distribution across metabolic health, cognitive function, body composition, health-
outcome evaluation, and gait-related rehabilitation (Figures 10 and 11).

Figure 10. Topic Strength Heatmap Over Time (2006–2025).
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Figure 11. Topic Strength Over Time.

As illustrated in Figure 12, the topic–keyword network was constructed to show
how the seven LDA topics were connected through their associated terms. The net-
work does not present the topics as isolated categories. Instead, several shared or cen-
trally located terms, including walking, Nordic, health, function, body, week, control,
fitness, woman, and elderly, form a semantic core that links the different topic branches.
These terms indicate that most topics were grounded in a common intervention context:
Nordic walking as a structured exercise activity evaluated through health, functional, and
population-related outcomes.

Figure 12. Topic–keyword relationship network derived from the LDA model.

Around this shared core, the network separates into several more specific branches.
Topic 1 extends toward evaluative and health-outcome terms such as quality, systematic,
database, risk, fall, musculoskeletal, and impact, reflecting the evidence-evaluation strand
of the corpus. Topic 2 is connected with glucose, pressure, lipid, cholesterol, overweight,
anthropometric, and systolic, showing a clear cardiometabolic and risk-indicator branch.
Topic 3 is positioned close to terms such as rehabilitation, capacity, balance, distance,
pain, knee, and score, indicating a clinically oriented functional-rehabilitation branch.
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Topic 4 is grouped around oxygen, energy, force, intensity, expenditure, consumption, and
metabolism, representing the physiological-response and energy-metabolism branch. The
upper and left parts of the network further show how the remaining topics extend this
structure. Topic 5 is linked with cognitive, ability, functioning, regular, serum, vitamin, and
maintain, suggesting a branch concerned with cognitive function and health maintenance.
Topic 6 is associated with muscle, strength, composition, flexibility, postmenopausal, sup-
plementation, and extremity, indicating a body-composition and musculoskeletal-function
branch, particularly in women or older populations. Topic 7 forms a gait- and neuromotor-
oriented branch through terms such as gait, Parkinson, motor, stride, velocity, posture,
phase, cycle, and movement. This pattern indicates that the LDA topics were not isolated
categories but were connected through shared terms related to Nordic walking, functional
assessment, health outcomes, and rehabilitation contexts.

4. Discussion
4.1. Main Findings

This study mapped the research landscape of Nordic walking in ageing-related popu-
lations from 2006 to 2025 using CiteSpace and LDA topic modeling. The retrieved literature
was not organized around a single research direction. Instead, it covered several connected
areas, including exercise physiology, physical activity, functional health, metabolic and
cardiovascular risk-related outcomes, gait analysis, and rehabilitation-related applications.
This interdisciplinary structure suggests that Nordic walking has developed beyond a tech-
nical variation of walking or an isolated exercise intervention. It has increasingly become a
research context for examining relationships among exercise characteristics, physiological
responses, functional performance, rehabilitation, and ageing-related health outcomes.

The concentration of publications in several European countries, together with rela-
tively dispersed institutional connections, indicates that the field has developed through a
number of active regional research groups rather than through a highly integrated inter-
national network. Reporting these country-level patterns provides a broader overview of
where Nordic walking research has been concentrated and may help identify opportunities
for wider international collaboration. These patterns describe research activity and collabo-
ration within the field, rather than differences in the health effects of Nordic walking across
locations. Greater multicentre and international collaboration may support methodological
comparability in future studies [27–29].

The principal contribution of the present study is not simply the identification of
seven topics, but their integration into a layered interpretation of the field. The literature
can be understood as involving four connected levels: (1) exercise and biomechanical
characteristics; (2) physiological and physical adaptations; (3) functional performance; and
(4) clinical, cognitive, quality-of-life, and broader ageing-related health outcomes. This
structure suggests that the field has developed from characterizing Nordic walking as
an exercise modality toward investigating how its mechanisms and physical adaptations
may relate to meaningful functional and health outcomes [30]. These levels should not be
interpreted as a causal pathway validated by the present analysis. Rather, they provide
a conceptual structure for explaining how the major themes within the WoSCC-indexed
corpus are connected. The academic contribution therefore lies in clarifying the internal
organization of the field and identifying where relationships among exercise mechanisms,
physical adaptations, functional performance, populations, and health outcomes remain
insufficiently examined.
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4.2. Shift in Research Focus Toward Applied Health Contexts

The early concentration on exercise physiology and biomechanics reflects a founda-
tional stage in Nordic walking research. Because pole-assisted walking involves active
upper-body engagement and altered locomotor coordination compared with conventional
walking, early studies needed to establish its distinctive physiological and biomechanical
profile. Research on energy expenditure, oxygen uptake, exercise intensity, pole forces,
and movement coordination therefore provided the basis for later work on functional and
clinical applications [31].

As this profile became clearer, research attention shifted from defining the exercise
mode to examining its relevance across ageing-related and clinical contexts. Nordic walking
retains the familiar movement pattern of walking while allowing adjustments in speed,
terrain, pole technique, session duration, and training progression. Its relatively low
equipment requirements and active upper-body involvement have supported its use in
supervised rehabilitation, organized group exercise, and community-based programs for
people with different levels of functional capacity [32–34].

This development can be interpreted as a movement from mechanism to function and
application. In ageing-related populations, physiological adaptation, musculoskeletal func-
tion, mobility, cognition, and clinical status are interconnected rather than isolated concerns.
The expansion of the literature toward functional capacity, rehabilitation, chronic disease-
related applications, cognitive health, and broader health outcomes therefore reflects the
need to examine Nordic walking within this multidimensional context [35,36]. Future
research should further connect physiological and gait-related measures with functionally
and clinically meaningful outcomes through population-specific study designs.

4.3. LDA Topic Structure and Thematic Relationships

The LDA results complement the CiteSpace analysis by explaining how the visible
research hotspots are connected at the semantic level. Instead of treating the seven topics as
separate categories, the topic structure suggests that Nordic walking research is organized
around a common intervention context, with several extensions toward health evaluation,
rehabilitation, physiological mechanisms, and population-specific applications.

One important relationship is the connection between general health-outcome evalua-
tion and measurable clinical risk indicators. Topic 1 and Topic 2 together suggest that Nordic
walking has been evaluated through two complementary pathways. The first pathway
focuses on broad health outcomes, such as quality of life, fall risk, musculoskeletal health,
and evidence synthesis. The second pathway focuses on more specific cardiometabolic
indicators. This relationship suggests that Nordic walking is not only discussed as a gen-
eral health-promoting activity, but also as an intervention that can be examined through
measurable risk-related outcomes. However, these two evaluation pathways appear to
remain only loosely connected in the existing topic structure. Future studies could further
examine how changes in cardiometabolic indicators are related to broader health outcomes
such as quality of life, functional independence, and fall-related risk [37,38].

A second relationship appears between functional rehabilitation and gait-oriented
recovery. Topic 3 and Topic 7 are closely related because both concern rehabilitation
and physical function, but they differ in emphasis. Topic 3 reflects a broader functional-
rehabilitation direction, including walking capacity, balance, pain, exercise capacity, and
clinical rehabilitation outcomes. Topic 7 is more specific to gait parameters, locomotor con-
trol, Parkinson’s disease, motor function, posture, and movement patterns. This distinction
indicates that Nordic walking rehabilitation research has developed at two levels: a general
functional-recovery level and a more detailed gait and neuromotor-control level. The
potential gap is that functional outcomes and gait-mechanism outcomes are often discussed
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as separate points. More integrated studies are needed to clarify whether improvements
in gait parameters or motor control translate into clinically meaningful gains in balance,
mobility, pain reduction, or daily functional performance [39].

A third relationship links physiological mechanisms with population-specific appli-
cations. Topic 4 provides the physiological basis of Nordic walking, including energy
expenditure, oxygen uptake, exercise intensity, force, and exercise response. Topic 5 and
Topic 6 extend this mechanism-oriented perspective toward specific health and population
contexts, including cognitive function, health maintenance, body composition, muscle
strength, nutritional supplementation, and older female populations. This pattern indicates
that research attention has expanded from mechanism-oriented studies toward broader
functional, clinical, and population-specific applications. Nevertheless, the current topic
structure suggests that mechanism-oriented studies and population-specific intervention
studies are not yet fully integrated. Future research could better connect physiological
load, muscle function, cognitive outcomes, and body-composition changes within specific
groups such as older adults, women, or patients with chronic conditions [14,40]. Together,
these relationships suggest that the next stage of Nordic walking research should place
greater emphasis on linking mechanisms, outcomes, and target populations rather than
examining them as separate research directions.

4.4. Future Research Directions

Based on these findings, several areas appear particularly important for future Nordic
walking research, including intervention standardization, mechanism–outcome integration,
population-specific protocols, and stronger research collaboration.

First, future studies should strengthen the design and reporting of Nordic walking
interventions. As Nordic walking is applied to different populations and health conditions,
differences in intervention duration, weekly frequency, session intensity, supervision, pole
technique, progression, and comparator conditions become more important. Comparative
research on Nordic walking and ordinary walking in ageing-related populations may
provide further insight into the development of the field. Such work could help clarify
which outcomes are shared across walking-based exercise and which warrant more specific
attention in relation to pole-assisted walking. More standardized reporting of training dose,
adherence, progression, technique instruction, comparator conditions, and adverse events
would improve the comparability and cumulative value of future evidence.

Second, future research should better connect physiological mechanisms with func-
tional and clinical outcomes. The topic structure shows related but still partly separated
areas involving exercise physiology, energy metabolism, rehabilitation, and gait parame-
ters. Future studies could examine how changes in oxygen uptake, energy expenditure,
muscle activation, force production, or gait parameters are associated with improvements
in balance, walking capacity, pain, quality of life, or disease-specific function. This would
help move the field from parallel outcome reporting toward clearer explanations of how
Nordic walking may produce health-related changes.

Third, more population-specific research is needed. The LDA topics and temporal
findings indicate growing attention to older adults, women, postmenopausal populations,
patients with Parkinson’s disease, cardiometabolic risk, coronary artery disease, and periph-
eral arterial disease. These groups may differ in baseline function, safety considerations,
training tolerance, and outcome priorities. Future studies should therefore develop tailored
Nordic walking protocols and outcome sets for different populations rather than treating
Nordic walking as a uniform intervention.

Fourth, the relatively dispersed institutional collaboration network suggests a need
for stronger cross-institutional and international collaboration. Multi-center studies, shared
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intervention protocols, harmonized outcome measures, and open data practices could help
reduce fragmentation and improve the cumulative value of Nordic walking evidence.

4.5. Strengths and Limitations

This study has several strengths. First, it combined CiteSpace-based science mapping
with LDA topic modeling, allowing the analysis to capture both external knowledge
structures and internal semantic themes. CiteSpace provided information on collaboration
patterns, co-citation structures, keyword hotspots, and temporal research fronts, whereas
LDA identified latent topic structures and topic-strength changes over time. Second, the
study examined Nordic walking research from multiple angles, including geographical
distribution, institutional collaboration, intellectual foundations, visible hotspots, emerging
fronts, and latent thematic relationships. This multi-layered approach provides a more
comprehensive overview than a single bibliometric or narrative method alone.

Several limitations should also be considered. First, the dataset was based on the
selected bibliographic database and search strategy. Although this approach ensured
relatively standardized metadata for bibliometric analysis, some relevant studies indexed
in other databases or published in less visible sources may not have been included. In
addition, although the corpus was retrieved using Topic-field terms associated with ageing-
related Nordic walking research rather than participant age as an explicit eligibility criterion,
some general-population-related terms emerged in the topic analysis. This does not alter
the field-level focus of the present study on Nordic walking research relevant to ageing-
related populations. In addition, although the corpus was retrieved using Topic-field terms
associated with ageing-related Nordic walking research rather than participant age as an
explicit eligibility criterion, some general-population-related terms emerged in the topic
analysis. Physiology- or biomechanics-oriented records may also have entered the corpus
and contributed to Topic 4 when their titles, abstracts, or indexed keywords linked them
to ageing-related Nordic walking research. This does not alter the field-level focus of the
present study on Nordic walking research relevant to ageing-related populations. Future
studies could compare findings across multiple databases to further test the robustness of
the research landscape identified here.

Second, the results of science mapping and topic modeling are influenced by method-
ological decisions, including keyword cleaning, parameter settings, text preprocessing, and
topic labeling. To reduce arbitrary interpretation, the present study combined network-
based results with LDA topic modeling and interpreted the topics according to high-
probability terms, topic-specific relevant terms, and semantic coherence. Even so, alterna-
tive settings may produce slightly different topic structures.

Third, this study was designed to map the knowledge structure and thematic develop-
ment of Nordic walking research rather than to evaluate the effectiveness of Nordic walking
interventions. Therefore, the findings should be interpreted as a research-landscape and
topic-structure analysis, not as direct evidence of intervention effects. Future systematic
reviews, meta-analyses, and well-designed intervention studies are needed to examine the
clinical and functional effects of Nordic walking in specific populations.

5. Conclusions
This study mapped Nordic walking research in ageing-related populations from 2006

to 2025 using CiteSpace-based bibliometric analysis and LDA topic modeling. Rather than
showing only an expansion in the range of outcomes examined, the mapped literature
suggests a change in how Nordic walking is framed. Early research mainly characterized
pole-assisted walking through physiological, biomechanical, and gait-related features.
Later work increasingly connected these features with functional capacity, rehabilitation,
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and ageing-related health concerns in specific populations. The field is therefore becoming
organized not around isolated outcome domains, but around the relationship between
movement characteristics, functional needs, and population-specific applications. This
perspective moves Nordic walking beyond its description as a distinct walking modality
and highlights its place at the intersection of movement science, rehabilitation, and healthy-
ageing research. Future studies should build on this structure by defining the target
population and functional problem more precisely, reporting pole technique and training
dose in sufficient detail, and relating gait or physiological measures to predefined functional,
clinical, or health-related outcomes. Such work can clarify which changes are common to
walking-based activity and which may be more closely linked to the specific characteristics
of Nordic walking, while improving the comparability of evidence across rehabilitation
and healthy-ageing contexts.
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