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Background: The field of rehabilitation medicine plays an essential role in

the comprehensive management of osteoporosis and its consequences. The

benefits of therapeutic exercise are increasingly being recognized in this area,

which receives an increasing number of publications. this study was designed

to comprehensively identify collaborative networks, parse and track research

trends, spotlight present hotspots, and accurately predict frontiers and focus

on the health topics related to osteoporosis rehabilitation.

Methods: This research adopted computer retrieval of osteoporosis

rehabilitation-related research published in the Web of Science Core

Collection (WoSCC) from inception to June 14, 2022. The bibliometric

visualization and comparative analysis involving countries, institutions,

journals, authors, references, and keywords were performed using the

CiteSpace and VOSviewer software.

Results: A total of 3,268 articles were included, and the number of articles

published each year has demonstrated a steady increase. The United States

and the University of Melbourne were the highest productive country

and institution, with 1,325 and 87 articles, respectively. The journal of

osteoporosis international has published the greatest number of articles, with

221 publications, and the journal of bone and mineral research ranked first

in the co-citation counts (cited by 11,792 times). The most productive and

highly-cited authors were Heinonen A and Cummings S, with 35 publications

and 680 citations.

Conclusions: At present, “physical activity,” “weight bearing exercise,” “muscle

strength,” “whole body vibration,” “postmenopausal women,” “older women,”

children, men are the noteworthy research hot topics. Future research that

focus on the major modes and parameters of physical activity/exercise

for osteoporosis (including whole body vibration, weight bearing exercises,

resistance training), targeted multicomponent training regimens, rehabilitation

therapy for postmenopausal women, older women, children and men,

osteoporosis related-sarcopenia and fractures, and mesenchymal stem cells
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are becoming frontiers and focus on the health topics related to osteoporosis

rehabilitation in the upcoming years, which are worthy of further exploration.

KEYWORDS

osteoporosis, rehabilitation, physical activity, bibliometric analysis, CiteSpace,

VOSviewer

Introduction

Osteoporosis is a multifactorial disorder of bone metabolism

associated with low bone mineral density and impaired

microarchitecture that results in increased skeletal fragility

and susceptibility to bone fracture (1). Consequently, patients

who suffer from osteoporosis and fragility fractures frequently

experience disability and therefore have decreased independence

in daily life, and a low health-related quality of life (2–

4). According to the National Osteoporosis Foundation, 10.2

million Americans suffer from osteoporosis, and an additional

43.4 million have decreased bone mass. It is predicted that

by 2030, there will be will increase to 71 million low bone

density and osteoporosis among adults (5), And more than nine

million fractures are caused by osteoporosis worldwide every

year one in five men and one in two women who are 50 years

old will experience an osteoporotic fracture in their lifetime.

Among women, the 10-year risk of developing fracture rises

from 9.8 at 50 years to 21.7% at the age of 80 (6). Osteoporotic

fractures often required hospitalization, especially hip fractures,

which commonly account for 50% of osteoporotic fracture-

related hospitalizations (7). Once in hospital, these patients

have a high risk of complications including thrombosis (27%),

urinary tract infections (12–61%), and pneumonia (7 %) (7),

which increase the mortality and morbidity of patients with

osteoporotic fractures. Therefore, osteoporosis and osteoporotic

fractures pose a heavy public health burden on society. The

research (7) showed that the average cost of a patient with

a fracture in a hospital is close to $13,000 for all sorts

of fractures.

The prevention and treatment of osteoporosis should

incorporate both non-pharmacological and pharmacological

approaches in order to minimize fracture risk (8). It is

noteworthy that rehabilitation medicine takes a primary

role in the comprehensive management of osteoporosis

and its consequences, taking into account the benefits

of therapeutic exercise for fall prevention as well as the

functional recovery after fragility fractures, and it also can

affect bone metabolism and thus enhance bone strength.

Consequently, these fields receive an increasing number of

publications. Exercise training interventions are recommended

for osteoporosis management in many guidelines. Many

clinical guidelines strongly recommend weight-bearing, muscle-

strengthening exercises for maintaining bone health, preventing

bone loss and falls, reducing discomfort (9–13), improving

quality of life and according to Exercise and Sports Science

Australia (ESSA) (14) evidence, muscle strength, balance,

and mobility training also helps to minimize the risk of

falling. Additionally, studies have evaluated the guidelines for

osteoporosis using the AGREE II tool. The results showed that

patients with osteoporosis and fragility fractures may benefit

from moderate intensity therapeutic exercise, according to

some guidelines, and a majority of the guidelines were high

quality (15). In addition, there have been a large number

of randomized controlled clinical trials and review that have

demonstrated resistance training (RT) and impact training,

whole-body vibration training, balance exercise programme

can improve bone mineral density (BMD), physical function,

muscle strength, balance and reduce fear of falling and pain

(8, 16–23). However the majority of the studies discussed

above have focused on specific and limited aspects. Research

on osteoporosis rehabilitation and prevention, and the general

overview of this field is lacking.

Bibliometric visualization analysis is a quantitative analysis

integrating mathematics and statistical methodologies, which

can assist researchers in understanding the characteristics of

the field’s development over time (24). It is possible to perform

an in-depth assessment of research trends and the focus of

a specific topic employing comprehensive indexes such as

journals, authors, countries, and institutions (24, 25). Authors

with a high number of total citations are recognized for

their scientific achievements by their peers (26). In addition,

bibliometric evaluation results can also provide suggestions for

further research and decision-making. CiteSpace visual analysis

software produces co-citation networks based on reference

citations to expose the structure of a research field, enabling

visual knowledge discovery in bibliographic databases. VOS

viewer is another scientometric application for producing and

viewing network maps. Those knowledge maps can illustrate

the output of authors and institutions, cooperation linkages,

geographic dispersion, the most cited and critical documents,

the emergence of research topics, highlighting disciplinary

development and research tendencies within a particular area.

In recent years, CiteSpace and VOS viewer have been used in a

variety of fields, including medical treatment,machine learning,

cities or communities research, agriculture and environment

management (27–31). There are also currently studies evaluating

bisphosphates for osteoporosis, research trends on male

osteoporosis, miRNAs in osteoporosis-related research (32–

34). However, there is no targeted bibliometric analysis of
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FIGURE 1

The summary of the flowchart and study design.

worldwide scientific studies on rehabilitation therapies for

osteoporosis. Therefore, the aim of this study is to provide a

summary of the global research base, as well as hotspots and

frontiers of rehabilitation treatment for osteoporosis through

bibliometric analysis.

Materials and methods

Data source and search strategy

All published literature was obtained online from the

Science Citation Index-Expanded (SCI-E) of the Web of

Science Core Collection (WoSCC) on June 14, 2022.The

following retrieval strategy were conducted for search

publications (Supplementary Table S1), which the main

topic focused on physical therapy and osteoporosis research.

The range of publication dates was selected from inception

to June 14, 2022. According to the previous bibliometric

research (35, 36). The “articles or reviews” were chosen

for analysis, and the language was limited to “English,”

non-English articles and other document type, such as

conference abstracts, letters, reviews, news, were excluded.

An overview of the comprehensive search approach and

inclusion criteria used in this research was showed in

Figure 1.

Literature screening and data extraction

Screening was conducted in two stages, namely, preliminary

screening was conducted according to the title and abstract,

and then full-text screening was carried out using the inclusion

and exclusion criteria. Studies were included should meet all

of the following criteria: (1) Articles in English; (2) The main

topic focused on physical therapy and osteoporosis research;

(3) the study was article or reviews paper. Accordance with the

following exclusion criteria, records were excluded: (1) not in

the English language; (2) not osteoporosis disease; (3) physical

therapy was not used for the intervention programs; (4) not

full text; (5) other document type: conference abstracts, letters,

news, editorial materials, proceeding papers, short reports,

case studies.
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TABLE 1 Ranking of top 10 countries and institutions involved in the osteoporosis rehabilitation field.

Rank Country Publications Centrality Institution Publications Centrality

1 United States 1,325 0.52 University of Melbourne 87 0.05

2 China 390 0.01 University of British Columbia 86 0.11

3 Australia 303 0.21 McMaster University 70 0.08

4 United Kingdom 293 0.25 University of São Paulo 51 0.04

5 Canada 286 0.04 Harvard University 49 0.09

6 Germany 179 0.19 University of Toronto 48 0.04

7 Brazil 152 0 University of Waterloo 40 0.01

8 Japan 145 0.04 University of Colorado 38 0.01

9 Austria 141 0.07 Griffith University 37 0.01

10 Spain 131 0.15 Columbia University 36 0.03

FIGURE 2

Cooperation network diagram of countries (A); Cooperation network diagram of institutions (B).

Data analysis tool and statistical methods

VOS viewer 1.6.18 (Leiden University, Van Eck NJ)

and CiteSpace 6.1.R2 (Drexel University, Philadelphia, PA,

United States) were used for the statistical analyses of extracted

literature. Visualized networks by VOS viewer based on

bibliographic data were presented, including the full counting

bibliographic coupling analysis of journals, co-occurrence of

all keywords, co-citation analysis of cited journals in the

references. The following parameters are chosen: counting

method (full counting), Type of Analysis (co-occurrence),

Unit of Analysis (All Keywords), Minimum number of

occurrences of a keyword (5), Number of keywords to be

selected (1000).

CiteSpace is an important bibliometric analysis software,

we investigated the primary areas of osteoporosis rehabilitation

therapy, as well as research hotspots and frontiers by it. The

parameters are set as follows; time slicing (1965–2022), years

per slice (1), term source (all chosen), node type (one at a time),

the threshold (top N = 50), pruning (Pathfinder, pruning sliced

networks), and visualization (cluster view-static, show merged

network). In order to create the co-citation knowledge graph,

authors, institutions, countries, cited authors were chosen for

node type co-occurrence analysis. the size of the node denotes

the number or frequency of documents. The relationships

between nodes are represented by their connections, such as

coexistence, co-occurrence, or co-citation (37, 38). The purple

outer ring of the circle represents centrality, the wider the

circle, the higher is the centrality. In addition, reference citation

clusters analysis and citation bursts were performed, and the top

10 paper with the highest cited frequency and strongest citation

bursts were also summarized. Reference co-citation clusters were

generated using the log-likelihood ratio (LLR) strategy, with the

selection type adopted “keyword option.” The modularity value
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(Q-value) and the weightedmean silhouette value (S-value) were

used as clustering criteria. As for keyword analysis, the top 30

keywords are summarized, and the top 30 keywords with the

strongest citation bursts also were diagrammed.

Results

The number and growth trend of annual
publications

A total of 3,268 articles were included from 1965 to

2022, the number of publications was summarized in

Supplementary Table S2. The numbers of papers published

each year and the development tendency on physical

therapy of osteoporosis health promotion field is shown

in Supplementary Figure S1. Overall, the number of published

papers increased steadily during three stages. In the first

TABLE 2 Ranking of top 10 authors, co-cited authors in the physical

therapy for osteoporosis research domain.

No. Author N Cited author Frequency

1 Heinonen A 35 Cummings S 680

2 Sievanen H 31 Sinaki M 495

3 Sinaki M 25 Rubin C 472

4 Vuori I 21 [Anonymous] 452

5 Khan KM 20 KANIS JA 429

6 Giangregorio L 19 Frost HM 391

7 Snow CM 18 Heinonen A 367

8 Oja P 17 Cooper C 357

9 Mckay HA 16 Kanis J 342

10 Kannus P 16 RUBIN CT 338

stage (1965–1990), publications remained at a low level of no

more than 10 per year before 1990. After that, the number

of published papers climbed from 35 in 1991 to 102 in 2006,

and broke through 100 for the first time in 2006 in the second

stage (1991–2006). The period from 2007 to 2022 was the third

stage, the annual publication rapidly increased and the average

number of published articles was (136.62 ± 32.25), accounting

for 66.89% of the total publications. Since only 7 months were

included for 2022, the numbers dropped slightly.

Distribution of countries and institutes

The details of the top 10 countries and institutions

in terms of the numbers of publications are showed in

Table 1. The US had the most publications (1,325), followed

by China (390), Australia (303), the UK (293), Canada

(286), and Germany (179 publications). Articles published

in the above six countries accounted for 84.94% of the

total articles. The collaborations among various countries

were showed in Figure 2A. United States had the highest

centrality (0.52), which was followed by United Kingdom (0.25)

and Australia (0.21). According to the relevant definition of

centrality, these countries had close cooperation with other

countries and represented tremendous academic influence.

When publications and centrality analysis were combined,

United States, United Kingdom and Australia were in the

dominant positions. The top 10 institutions by the amounts

of published papers were listed in Table 1. University of

Melbourne (87 publications) was the leading institution,

followed by University of British Columbia (86 publications),

McMaster University (70 publications), University of São Paulo

(51 publications), Harvard University (49 publications). The

FIGURE 3

Network diagram of influential authors (A); Network diagram of influential co-cited authors (B).
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network cooperation map among various institutions were

depicted in Figure 2B. In terms of centrality, University of

British Columbia showed maximum centrality (0.11), followed

byHarvardUniversity (0.09),McMaster University (0.08). Based

on the analysis of the number and centrality of publications,

University of British Columbia, Harvard University and

McMaster University showed close cooperative relationship and

exhibited strong academic influence.

Distribution of authors and co-cited
authors

The top 10 authors, co-cited authors on physical therapy

of osteoporosis research were listed in Table 2. Among the

top 10 authors, Heinonen A had the most publications (35

publications), followed by Sievanen H (31 publications), and

Sinaki M (25 publications). In terms of co-cited authors,

Cummings S had themost cited times (680 cited times), followed

by Sinaki M (495 cited times) and Rubin C (472 cited times).

These authors were actively involved in the physical therapy

for osteoporosis research field. Cooperation between authors

and co-cited authors is analyzed in Figures 3A,B. Connections

showed cooperation relationships among nodes, the bigger the

circle, the more it appears, and lines represents the connections

between authors, the thicker the lines, the closer the connections.

The network diagram of authors in Figure 3A is composed

of 1,608 nodes and 2,054 links the connections between co-

cited authors (nodes = 558, links = 3,288) was illustrated

in Figure 3B. The maps of the authors and co-cited provided

significant information on influential research collaborators,

enabling close collaboration among researchers.

Distribution of journals and co-cited
journals

The publications were concentrated published in 132
scholarly journals, according to the full counting bibliographic

coupling analysis of journals (Figure 4). The top 10 journals
that were most cited were listed in Table 3. Bone and
Mineral Research had 11,222 citations and 123 publications,
making it the most cited journal, followed by Osteoporosis

International with 10,671 citations and 221 publications, the

third is Bone with 6,621 citations and 133 articles. The

most frequently cited in the references, according to the full

counting co-citation analysis of cited journals, were Journal

of Bone and Mineral Research (cited by 11,792 times).

The second was Osteoporosis International (cited by 8,146

times). followed by Bone (cited by 6,396 times) (Figure 5).

The top 10 cited journals in the references were showed

in Table 3.
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FIGURE 4

Bibliographic coupling analysis highly cited journals, weighted by citations, visualized map.

Analysis of reference co-citation

Reference co-citation analysis was utilized to explore

research priorities in academic fields. The co-citation analysis

gained 4,106 recorded and the co-citation network is shown

in Figure 6A, Table 4. Reference co-citation clusters were

generated using the log-likelihood ratio (LLR) strategy,

with the selection type adopted “keyword option.” The

Q-value and S-value were used as clustering criteria.

Estimation strategies with means Q > 0.5 and S > 0.7

suggest that the clustering is convincing. In Figure 6A, the

modularity Q is 0.863 (>0.5), indicating that the clustering

of the network is reasonable, and the S-value is 0.9387

(>0.5), indicating that the homogeneity of the clustering

is acceptable. References with the highest cited frequency

and strongest citation bursts are regarded as the research

basics of frontiers in the future. The top 20 papers with

the strongest citation bursts on osteoporosis rehabilitation

research were showed in Figure 6B. The important 10 articles

integrating the cited frequency and burst strength were

discovered (Table 5).

Analysis of keywords

When the keywords with the equal meaning were combined,

the frequency of the published keywords was statistically

determined and the top 30 keywords are summarized in

Table 6. A map of keywords can present major objects

and hot topics of research. The co-occurrence network of

keywords was performed by applying VOS viewer software.

We created the map based on bibliographic data with a

full counting strategy, which set the minimum number of

occurrences of a keyword as five. 1,062 of 7,677 keywords

met the criterion after being thesaurus-cleaned. Based on

keyword research categories, we incorporated VOS viewer’s

classification and separated keywords into three color-coded

groups (Supplementary Figure S2). In this figure, purple, red,

and grass green are represented for the applications of

Physical Activity/ Exercise in menopausal osteoporosis, age-

related osteoporosis, juvenile osteoporosis, preclinical study,

osteoporosis-related fractures, respectively. These application

domains would be further discussed in the next part.

In addition, we also performed co-occurrence analysis of
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FIGURE 5

Co-citation analysis of most frequently cited journals in the reference lists, weighed by citations, visualized map.

keywords by density visualization and overlay visualization in

Figures 7, 8.

Analysis of the burst of keywords

The “burst words” serve as words that are cited frequently

over a period of time, which can display the frontier topics

and key areas of research. The top 30 keywords with the

strongest citation bursts from 1965 to 2022 was shown in

Figure 9. The top five keywords with the highest strength

burst were calcium supplement calcium supplement (34.24),

young woman (29.28), X-ray absorptiometry (29.17), hormone

replacement therapy (25.23), age (22.64), Quality of Life (21.67),

low magnitude (20.97), older woman (20.47), weight bearing

exercise (20.06). The values in brackets follow the strength of

burst, occurrence burst, The top five keywords with the most

duration of burst included weight bearing exercise (1992–2005),

X-ray absorptiometry (1994–2006), resistance exercise (2008–

2020), fracture risk (2010–2020). During the decade of 1990–

2000, Trabecular bone, lumbar spine, calcium supplement grew

to be the focal point of research in this time period. From 2015

to 2022, keywords with the strongest citation bursts including

fracture risk, mesenchymal stem cell, Quality of Life, sarcopenia

were widely mentioned and studied.

Discussion

International research status of
osteoporosis rehabilitation

The research presented the first bibliometric analysis

of the global research trends in rehabilitation therapy for

osteoporosis. Until 1991, there was a very low number of

published documents per year, a sharp rise was observed in

the following year. Throughout the investigated period of 31
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FIGURE 6

Co-citation clustering of osteoporosis rehabilitation studies (A). The top 20 references with the strongest citation bursts on osteoporosis

rehabilitation research (B).

years, the number of papers produced per year shown a gradual

upward trend. Particularly, over the past decade, there has

been a continual and significant growth in the number of

publications published. There were 197 articles published in

2021, which is a historical peak, indicating an increase in

interest in osteoporosis rehabilitation research. Several factors

contribute to the rapid advancement of research on osteoporosis

rehabilitation, according to available knowledge.

Research hotspots by country (region)

The USA accounted for approximately one-fourth of the top

10 countries’ documents, reflecting its strong research capacity

and commitment to the advancement of the field. A noteworthy

fact is that China ranked second in terms of the number

of articles published. This indicates that China is placing a

greater emphasis on research advancements in this subject. In
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TABLE 4 Co-citation clustering of osteoporosis rehabilitation studies that were published from 1965 to 2022.

Cluster ID Size Silhouette Silhouette mean (Year) Label (LLR)

0 271 0.872 2009 Whole body vibration

1 211 0.983 2017 Osteosarcopenia

2 178 0.929 1995 Meta-analysis

3 168 0.892 2003 Exercise

4 159 0.945 1989 Bone mass

5 153 0.907 1991 Calcium

6 125 0.923 1997 Bisphosphonates

8 81 0.957 1999 Physical activity

10 72 0.994 1981 Physical education

12 55 0.97 2002 Population based

13 51 0.991 1980 Young women

14 37 0.965 2011 Microgravity

15 35 0.996 2012 Pulsed electromagnetic fields

16 32 0.992 2011 Dairy consumption

17 24 0.99 2018 Irisin

19 19 0.998 2017 Bone regeneration

23 11 0.997 2005 Occupational activity

26 10 0.992 2017 Low intensity pulsed ultrasound

51 4 0.998 2008 Treadmill training

addition, the USA is also followed by high-developed countries

such as the UK or Australia. This is due to the fact that

they have been well represented and consolidated within the

World Confederation for Physical Therapy, an organization that

provides support and promotes research pertaining to physical

therapy (PT). Furthermore, since the USA possessed the highest

degree of centrality, it also serves as the central collaborator of

other countries.

Research hotspots by institutions

Among the research institutions, University of Melbourne

published the greatest number of articles, which could be

attributable to universities’ robust academic environments and

scientific research foundations. Researchers can acquire timely

information regarding osteoporosis rehabilitation research.

Cooperation between institutions is mainly distributed in

European and American countries based on the cooperation

network of institutions. Unfortunately, despite China’s large

population, research on osteoporosis rehabilitation therapy

is still in its infancy, and interinstitutional collaboration is

lacking. Asian countries were not represented in the top 10

institutions for osteoporosis rehabilitation research, which could

impediment the development of this field. Collaboration among

osteoporosis rehabilitation researchers helps advance the field.

Consequently, we advised strengthening collaboration networks

between European, American, and Asian research institutes.

Research hotspots by journals

The top three published journals are Osteoporosis

International, Bone, and Journal of Bone and Mineral

Research. Osteoporosis International journal established by

the International Osteoporosis Foundation and the National

Osteoporosis Foundation of the USA. It facilitates the exchange

of ideas about osteoporosis and other metabolic bone diseases

Journal of Bone is an unsurpassed reputation for excellence

international journal that dealing with both normal and

pathological processes affecting bone metabolism. The Journal

of Bone and Mineral Research provides a diverse, highly

impactful research with the latest insights into musculoskeletal

system and mineral metabolism. It is worth noting that

New England Journal of Medicine, with its impact factor

of 74.699, has also published many studies on osteoporosis

rehabilitation. Furthermore, four out of the 11 leading prolific

publications were dedicated to the scope of rehabilitation

therapy: Medicine and Science in Sports and Exercise, Sports

Medicine, Scandinavian Journal of Medicine & Science in

Sports, Archives of Physical Medicine and Rehabilitation. In

spite of the fact that other journals such as Calcified Tissue

International, Journal of Clinical Endocrinology & Metabolism

are not exclusively PT-oriented, these journals have a significant

advantage in our results. This may be due to osteoporosis being

a multidisciplinary field, which typically provides authors with a

variety of publishing alternatives, the dynamics of these journals

should therefore be considered in future research.
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TABLE 5 The top 10 papers with the highest cited frequency and strongest citation bursts on osteoporosis rehabilitation research.

No. Author/Year Cited frequency Burst Centrality Document title Source

1 (39) 81 41.27 0.02 Effects of high-intensity strength training on multiple risk

factors for osteoporotic fractures: a randomized controlled

trial

JAMA-J AMMed Assoc

2 (40) 73 26.73 0.04 Exercise for preventing and treating osteoporosis in

postmenopausal women.

Cochrane DB Syst Rev

3 (41) 69 41.74 0.09 Weight-bearing exercise training and lumbar bone mineral

content in postmenopausal women

Ann Intern Med

4 (42) 65 23.47 0.04 Physical therapy approaches to reduce fall and fracture risk

among older adults

Nat Rev Endocrinol

5 (43) 60 31.07 0.18 Can vigorous exercise play a role in osteoporosis prevention?

A review

Osteoporosis int

6 (44) 59 29.62 0.01 Exercise effects on bone mass in postmenopausal women are

site-specific and load-dependent

J Bone Miner Res

7 (45) 57 28.66 0.03 Effects of resistance training on regional and total bone

mineral density in premenopausal women: a randomized

prospective study

J Bone Miner Res

8 (46) 53 26.6 0.02 Randomized controlled trial of effect of high-impact exercise

on selected risk factors for osteoporotic fractures

Lancet

9 (47) 52 27.23 0 The Effect of Exercise Training Programs on Bone Mass: A

Meta analysis of Published Controlled Trials in Pre- and

Postmenopausal Women

Osteoporosis Int

10 (48) 50 18.72 0.2 Interventions for preventing falls in older people living in

the community.

Cochrane Database Syst Rev
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TABLE 6 The top 30 keywords of osteoporosis rehabilitation-related

studies that were published from 1965 to 2022.

Rank Frequency Centrality Keyword

1 2,024 0 Bone mineral density

2 972 0 Postmenopausal women

3 928 0.02 Physical activity

4 893 0.01 Exercise

5 827 0.02 Muscle strength

6 827 0.01 Fracture

7 814 0.02 Risk factor

8 549 0.05 Women

9 464 0.05 Randomized controlled trial

10 340 0.03 Calcium supplementation

11 338 0.04 Prevention

12 328 0.08 Bone

13 273 0.06 Men

14 260 0.08 Body composition

15 238 0.02 Quality of life

16 200 0.06 Age

17 193 0.04 Health

18 167 0.01 Older adult

19 164 0.03 Hormone replacement therapy

20 162 0.05 Cigarette smoking

21 157 0.03 Young women

22 149 0.06 Skeletal muscle

23 145 0.04 Weight bearing exercise

24 144 0.05 Estrogen

25 142 0.05 Older women

26 131 0.02 Children

27 130 0.01 Whole body vibration

28 127 0.04 Metabolism

29 126 0.04 Parathyroid hormone

30 125 0.04 Therapy

Research hotspots by author

Based on author contribution and co-citations, influential

authors include Heinonen A, Sievanen H, Sinaki M. Cummings

S and Rubin C. The researchers Heinonen A and Sievanen

H, both of whom are affiliated with the UKK Institute for

Health Promotion Research, have contributed 66 publications

Heinonen’s key academic achievements were published in the

Lancet joins an increasing number of controlled trials that

provide concrete evidence of the positive effects of exercise on

the skeletal system a (46). According to Sievanen H, Among

vitamin D-supplemented older adults living in the community,

strength and balance training may be the most effective and

feasible way to prevent injurious falls (49). Sinaki M is a

well-known rehabilitation specialist from Mayo Clinic, she has

designed a variety of exercise programs for strengthening the

back muscles to reduce back pain, kyphosis, vertebral fractures,

and the risk of falls. She also advocated that the Rehabilitation of

Osteoporosis Program-Exercise (ROPE) incorporates complete

osteoporosis management. Her research reported that exercise

for patients with osteoporosis, providing recommendations

for management of vertebral compression fractures and trunk

strengthening for fall prevention (50). Cummings S is a

famous professor from University of California San Francisco,

Cummings’s the major research contribution was to explore

the role of various drugs such as Raloxifene, zoledronic acid,

alendronate, Estrogen replacement therapy for the treatment

and prevention of osteoporosis and osteoporotic fractures.

Several of his articles have been published in internationally

renowned magazines, including JAMA, New England Journal

of Medicine, Lancet (51–56). Rubin C is from Stony Brook

University and his research was focused on the effects of

mechanical stimulation on bone cell and osteoporosis (57–

61). He proposed that mechanical targeting of the bone

marrow stem-cell pool might serve as a potentially effective,

drug-free strategy of reversing the age-related decline of the

musculoskeletal system (62). The authors mentioned above have

published a lot of far-reaching literature on the prevention

and treatment of osteoporosis and osteoporotic fractures,

particularly in the area of rehabilitation for osteoporosis. It is

therefore recommended that those concerned with osteoporosis

pay more attention to these experts.

Citation information

Top 10 co-cited references are listed in Table 5, The 10

important articles discovered by integrating the cited frequency

and burst strength. the disciplinary framework and knowledge

basis of rehabilitation studies on osteoporosis by analyzing these

key papers can be gained. Dalsky et al. (41) assessed the effect

of weight-bearing exercise training and subsequent detraining

on lumbar bone mineral content in postmenopausal women

and Nelson et al. (39) investigated the effectiveness of high-

intensity strength training on multiple osteoporotic fracture

risk factors. Which these two studies represented a strong

research hotspot with burst strength as 41.74 and 41.27. One

reviews by Howe et al. (40) focusing on the effectiveness of

exercise programs in preventing bone loss and fractures in

postmenopausal women published in Cochrane Database of

Systematic Reviews, and exercise may be a safe and effective

strategy to prevent bone loss in postmenopausal women.

Karinkanta et al. (42) provided insights that they concentrate

on evidence-based physical therapy approaches such as exercise,

vibration training and enhancements of security at home and

during periods of mobility for reducing fall and fracture risk

among older adults. In recent years, Watson et al. (17) showed
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FIGURE 7

Co-occurrence analysis of keywords by density visualization.

that High-intensity resistance and impact training (HiRIT)

program improved indices of bone strength and functional

performance in postmenopausal women with low bone mass.

HiRIT was effective and caused no unfavorable events under

highly supervised prerequisites for the healthy postmenopausal

women with low to very low bone mass. Sherrington et al. (63)

provided insights that exercise programs help older adults in

the community experience fewer falls and at a lower rate of

occurrence, exercise program to reduce falls mainly involves

balance and functional exercises. Beck et al. (14) provided

detailed, evidence-based guidelines for safe and effective exercise

prescription for osteoporosis prevention or management.

The hotspot and frontiers

Keyword co-occurrence and reference co-citation analysis

may be performed to establish the current research focus and

development trends of a specific area. Based on the overlay and

density visualizations and the detection of burst keywords, we

identified the research hotspots and development frontiers in

osteoporosis rehabilitation-related research as discussed in the

following paragraphs.

The significance of physical activity and
exercise in the prevention and
management of osteoporosis

The terms physical activity encompasses leisure time

physical activities (exercise and sport), daily activities, household

tasks and work (64), physical activity can vary significantly

in terms of both intensity and duration. Exercise refers to

a planned, systematic, and repetitive physical activity that

involves bodily movements with or without a specific goal for

improving fitness (65). Greater levels of physical activity have

frequently been related with improved health and quality of life,

whereas low levels of physical activity are linked to negative

health outcomes.

A variety of physical activity interventions have been

designed and evaluated, and its benefits for healthy aging

are well established (66). The management of osteoporosis

Frontiers in PublicHealth 13 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1022035
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2022.1022035

FIGURE 8

Co-occurrence analysis of keywords by overlay visualization.

can be improved by engaging in physical activity according

to various guidelines. Some research indicated that physical

activity programs probably increase bone mineral density in the

lumbar spine and hip (femoral neck), and additionally improves

muscle strength, balance, and joint proprioception reduce the

risk of falls and fractures (67). Interestingly, physical activity

and exercise seem to improve BMD both cross-sectionally and

prospectively, at least appearing to exert a homeostatic effect on

BMD during aging (68). Specifically, in older adults, research

suggests that resistance training and weight-bearing exercise

are most effective at maintaining and increasing BMD (68).

Weight-bearing and resistance training can increase balance,

posture, agility, and strength, which may lower the risk of

falling. Moreover, some types of weight-bearing exercise may

boost bone density are walking, jogging, Tai Chi, climbing

stairs, and dancing. muscle-strengthening exercises usually

involve weight training and other resistance exercises (9).

For optimizing musculoskeletal health and function, targeted

multimodal programs integrating conventional and high-

velocity progressive resistance training (PRT), weight-bearing

impact exercises, and challenging balance/mobility activities

seemed to be the most effective (69). As reported in a meta-

analysis byMartyn-St James and Carroll, that integrating jogging

with low-impact exercise or trying to combine impact activities

with high-intensity exercise (i.e., resistance training) is effective

for maintaining BMD in postmenopausal women (70). A

systematic review also revealed that multicomponent training

(MT) comprising of strength, aerobic, high-impact, and weight-

bearing exercises can improve or at the very least slow the age-

related loss of bone mass (71). However, it is not clear which MT

method will achieve better results. Therefore, further research

is required to determine the appropriate multicomponent

training regimens.

Furthermore, whole body vibration (WBV) training is

regarded relatively safe, and does not require a high level of

motivation for its practice therefore, it may be presumed as

an adjunctive therapy to counteract BMD loss, particularly

for those with barriers in the practice of high-impact physical

exercise. Some meta-analysis and RCT demonstrated WBV

significantly increased bone density (21, 72). WBV may be a

practical and effective strategy to decrease well-recognized risk

factors for fractures and falls, as well as to enhance balance
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FIGURE 9

Top 30 keywords with the strongest citation burst in osteoporosis rehabilitation-related field.

and some aspects of neuromuscular function (73). However,

parameters used in WBV (frequency, magnitude, cumulative

dose, positioning on the oscillation board, and type of vibration)

are extremely heterogeneous, which makes it difficult for studies

to be compared. Furthermore, there has been a lack of high-

quality trials showing positive associations so far. To address

the knowledge gap regarding the osteogenic effects of WBV and

the underlying processes in regulating osteoporosis treatment,

future research should assess the effects of variousWBV training

protocols on bone health.

Enhancing the management of physical
activity/ exercise on osteoporosis in
adolescents and men

Postmenopausal and senile osteoporosis are the two most

common types of osteoporosis, accordingly, more investigation

has been conducted on these two forms of osteoporosis.

It is worth noting that a growing body of research has

been conducted on osteoporosis in adolescents and men in

recent years as well. There are a variety of strategies for

combating osteoporosis, with the optimization of peak bone

mass (PBM) throughout childhood being one of the most

frequently utilized preventive therapy (74). PBM is a critical

determinant of osteoporotic fracture risk. It has been proven

that when PBM increases by 10% in children and adolescents,

the risk of osteoporotic fracture was reduced by 50%, and

when BMD increases by 5%, the risk will decrease by 40%

(75, 76). Multiple studies have demonstrated that premenarche,

and even prepubertal vs. early pubertal, are stages of greater

bone response to exercise relative to postmenarche (77–80).

Therefore, childhood and adolescence are pivotal periods

to adopt lifestyle interventions that may prevent osteopenia

and osteoporosis-related fractures in later stages of life.

Jumping exercises during childhood and adolescence enhance

bone density, mineral content, and structural characteristics

without causing any adverse outcomes. To enhance bone mass

during early childhood these types of measures should thus

be employed (81). Recent systematic reviews found weight-

bearing activities in childhood and adolescence can dramatically

increase bone mineral content (BMC) and bone mineral density

(BMD) (82).

Research on osteoporosis and physical activity commonly

focused on women, male osteoporosis is still underrecognized

and underdiagnosed, which logically leads to a lack of therapy

options for men. The quality of life (HRQoL) of these

patients may be impaired by the inadequate management of

osteoporosis in males. A recent systematic review and meta-

analysis revealed that males with osteoporosis had a decreased

HRQoL than men without the condition, with hip fracture,

vertebral fractures, or wrist fractures dramatically reducing

HRQoL of men. Importantly, BMD at the spine and femur was

strongly associated with HRQoL (83). Research showed that

higher BMD was maintained in older males who engaged in
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high-impact, quick-impact physical activity, and a lower risk

of falling was associated with higher energy expenditure (84).

However, some study indicated that physical activity has almost

no effect on BMD at the total hip and little or no effect on BMD

at the femoral neck, lumbar spine, and whole body (85). The

main reasons for inconsistent study results may be the diversity

of the interventions, the small sample size, and the (relatively)

short duration of the interventions. To improve the quality of

the evidence, future research should enlarge sample size, identify

interventions, engage in comprehensive reporting of HRQoL

outcomes and prolong long-term interventions.

The key role of physical activity and
exercise in the prevention and
management of osteoporosis-related
sarcopenia and fractures

Osteosarcopenia was first established by Duque and

coworkers to represent a subpopulation of elderly individuals

impacted by osteoporosis and sarcopenia (86) osteosarcopenia

is a unique syndrome characterized by poor bone density and

decreased muscle mass, strength, and/or functional capacity

(87). The researchers revealed that osteosarcopenia dramatically

raised the likelihood of fractures, falls, and mortality (88).

Compared to those without osteosarcopenia, with sarcopenia

alone, and those with osteoporosis alone, women with

osteosarcopenia were more likely to have previously suffered

a fracture (89). Therefore, the elderly people should be

mindful of the risks associated with osteosarcopenia. The

researchers investigated the efficacy of non-pharmacological

(exercise and/or dietary) therapies on musculoskeletal measures

and outcomes in osteosarcopenic individuals and found that

RT can boost gains in muscle mass, strength, and quality, as

well as increase or maintain BMD in older osteosarcopenic

adults (90). A study by Kemmler also showed that high intensity

dynamic resistance exercise (HIT-DRT) on devices especially

when combined with moderate protein supplementation was

proven to be a safe, appealing, highly efficient and effective

strategy for managing osteosarcopenia in older men with

sarcopenia and osteoporosis (91). As far as muscle quality

(MQ)parameters are concerned, intermittent exercise regimens

with intervals of 6 months or longer should be substituted

with largely continuous regimens (92). Consequently, suitable

therapy routes involving moderate-to-high intensity supervised

RT should be promoted in clinical settings for individuals

with osteosarcopenia. For osteosarcopenia upstream prevention,

current recommendations should emphasize large-scale RT

programs that are aimed at increasing participation of older

adults. These strategies may ultimately lessen the socioeconomic

impact of this geriatric disease.

Bone fragility caused by osteoporosis is common in

older persons and is associated with a higher of fragility

fracture. However, osteoporosis may not be detected until the

patient has suffered multiple fragility fractures. It is estimated

that 319 million adults aged 50 years or more will be at

significantly higher risk for osteoporotic fractures worldwide

(93). Individuals who suffer fragility fractures are at higher risk

of developing subsequent fracture at a different site. Based on a

meta-analysis conducted by Kanis and colleagues, prior fractures

are associated with an 86% increased risk of further fracture at

any new site (94). Therefore, The International Osteoporosis

Foundation offers a best practice suggestion for secondary

fracture prevention, emphasizing the need to diagnose patients

early, identify their future fracture risk, evaluate the patient in

a reasonable timeframe, and then determine the next measure.

Exercise approach is usually advised for persons who are

deemed to be at low or moderate risk for osteoporotic fractures

(95). According to the study, multimodal exercise can reduce

the risk of falling in participants at high risk of primary

osteoporotic fractures when compared with a control group

(96). PRT can enhances physical function, life quality, and

relieves pain. Current research suggests that PRT should be

prescribed for those at risk of fracture, however determining

the optimal frequency or intensity of PRT is difficult due

to its heterogeneity and limitations. A hip protector is one

of the many multifactorial interventions that can be used to

prevent fall and fractures among patients living in high-risk

residential settings. A systematic review found moderate quality

evidence supporting a small reduction in hip fracture risk (97).

Generally, Fractures of conservative treatment indicated the

benefits of early initiation of exercise therapy and physiotherapy.

Nevertheless, reliable data on the optimal duration and intensity

of physiotherapy and use of orthoses remain lacking (98).

A sufficient number of studies have not been conducted to

determine whether exercise affects incident fractures, falls, or

adverse events. High-quality randomized trials are required

in the future to determine the safety and efficacy of exercise

in reducing the incidence of fractures and falls, improving

patient-centered outcomes (pain, function) in individuals with

fractures (99).

Application of mesenchymal stem cells
(MSCs) in the prevention and treatment
of osteoporosis

During osteoporosis pathogenesis and treatment, MSCs play

a vital role due to their multi-directional differentiation potential

and self-renewal ability (100). On the one hand, a number of

factors contribute to the pathogenesis of osteoporosis, including

homing disorders, impaired osteogenic differentiation,

senescence of MSCs, an imbalanced microenvironment (such
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as transcription factors, signal pathways, and microRNAs),

and disrupted immunoregulation (101). On the other hand,

a number of preclinical studies have shown that MSC

transplantation can enhance osteogenic differentiation, increase

bone mineral density, and slow down osteoporosis progression

(101). The latest techniques, such as gene modification

(overexpressing osteogenic and angiogenic genes, knocking

down bone destruction genes, modifying homing-related genes,

causing MSCs to delay senescence), targeted modification,

and co-transplantation, offer promising results for enhancing

MSC therapeutic effectiveness (102). Despite this, it remains

unclear which regulatory mechanisms and molecular markers

can be used to assess MSC migration to the bone surface,

which is crucial for bone formation and fracture healing. As a

result, it is difficult to regulate MSC activity when managing

osteoporosis and fractures. In addition, due to some safety

concerns, the effectiveness of transplantation, and uniformity of

manufacturing processes, no pertinent clinical study data have

yet been reported in terms of clinical trial investigations onMSC

for osteoporosis. Therefore, future studies ought to investigate

the regulatory mechanisms of MSCs in the management

of osteoporosis, and research should concentrate on the

effectiveness of readily available and highly biocompatible

autologous adipose stem cells in the osteoporosis therapy.

Strengths and limitations

Based on bibliometric and visual analyses, this study

examined the progress and trends in global scientific research

into osteoporosis rehabilitation therapy. With the CiteSpace

and VOSview software, a comprehensive analysis and a visual

literature network for co-occurrence and co-citation were

performed. Moreover, researchers are now able to quickly grasp

the present state of investigation, hot topics, and development

trends in this area through visualization of the top ten references

with the strongest citation bursts. In spite of this, limitations

are unavoidable. First, we put a lot of emphasis exclusively

on publications from solely WoS core databases, consequently,

several crucial studies may be excluded. It would have been

preferable to combine the findings with those from other

databases (such as PubMed and Scopus). Notably, Web of

Science is the most widely used database in scientometrics, and

the majority of bibliometric tools can detect data from this

database. Second, there was limited coverage of literature in

the field of osteoporosis rehabilitation because only articles and

reviews of English-language publications were included, which

may have resulted in the omission of high-quality literature

in other languages. Therefore, publication bias may be caused

by these factors. Additionally, as osteoporosis rehabilitation

has been a developing research field in recent years, some

recently published, high-quality papers may have a low citation

frequency due to their short publication time. There is therefore

a discrepancy between the research results and the actual

situation. Last but not least, the bibliometric analysis is only

a tool, and the results may vary from what you see in real-

world research.

Conclusion

During the last few years, the number of published studies

on the rehabilitation of osteoporosis has increased significantly.

Osteoporosis rehabilitation therapy will continue to receive

an increasing number of publications. In conclusion, the

study presented the first bibliometric and visual analysis of

international research on osteoporosis rehabilitation utilizing

the Web of Science database, CiteSpace and VOS view software,

and displayed a relatively scientific and intuitive overview of

osteoporosis rehabilitation research. We rigorously evaluated

publishing data pertaining to the number of published articles,

influential nations and institutions, authors and co-cited

authors, published journals, and collaborative networks.

In addition, we presented both historical and prospective

insights into osteoporosis rehabilitation strategies, as well as

information regarding major research hotspots, development

trends, and frontiers. At present, the major modes and

parameters of physical activity/exercise for osteoporosis

(including WBV, weight bearing exercises, resistance training),

targeted multicomponent training regimens,rehabilitation

therapy for postmenopausal women, older women, children

and men, osteoporosis related -sarcopenia and fractures, and

mesenchymal stem cells are among the frontiers and hotspots

of research. These areas indicate the development trend for

future research and can serve as a guideline for future research.

In summary, our findings may provide useful resources to

scholars for understanding the present state and trend of studies

on osteoporosis rehabilitation and providing references and

suggestions for future research in this area.
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