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Physical Therapy is a profession which development and conceptual framework have been performed in the twentieth century. One of the major challenges of Physical Therapy in the twenty-first century is to identify the intellectual basis of its scientific domain. The aim of the present paper is to analyze the evolution of Physical Therapy research throughout scientific literature published in Web of Science (WoS) and Scopus databases. In order to perform the analysis, WoS and Scopus bibliographic databases were used to download all records. A set of journals with overall topics in Physical Therapy discipline with the largest history in the Journal Citation Report were selected: Physiotherapy, Physical Therapy, and Australian Journal of Physiotherapy/Journal of Physiotherapy. The bibliometric tool SciMAT was employed to perform a science mapping analysis in order to detect and visualize the research themes and their evolution across three periods: 1951–1984, 1985–2000, and 2001–2013. The analysis carried out shows that Physical Therapy research field is mainly divided into nine thematic areas: Middle-Aged People, Muscle Function Alterations and Recovery, Health Education, Gait and Biomechanics, Central Nervous System, Heart Rate and Exercise, Diagnosis, Low Back Pain, and Animals. In conclusion, Physical Therapy citations and production are primarily focused on two large thematic areas, diseases that involve middle-aged population and muscle function and its alterations. Results can be used to provide a historical perspective on research conducted in this emerging field and to provide a scientific evidence-based practice model on which future studies can be built.
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INTRODUCTION

The development and conceptual framework of Physical Therapy have been produced in the twentieth century (Massey, 2001, 2003; French and Dowds, 2008). Its body of knowledge is continually growing and becoming more specific (García-Ríos et al., 2010). In relation to that knowledge, in the twenty-first century, Physical Therapy has a challenge to identify the intellectual basis of its scientific domain (Martínez-Fuentes et al., 2014). Furthermore, it would be interesting to see the evolution of Physical Therapy research over time and to know which themes are currently the most important and which can be the future trends.

In this way, bibliometrics allows automatically classify studies over time into different themes and topics in order to facilitate the analysis of a research field (van Raan, 2005). It is commonly employed to quantify academic research output (van Leeuwen and Wouters, 2017), which is used for practice-based research (Gutiérrez-Salcedo et al., 2017). Particularly, Science Mapping Analysis (SMA) (Cobo et al., 2011b) is a potent bibliometric technique, which combined with bibliometric co-word networks, is able to identify the structure of a research field through the use of the most important terms or keywords that compound the documents (Callon et al., 1983).

Taking into account the scientific literature, several bibliometric studies about the impact of the Physical Therapy research field can be highlighted. First, Tilson et al. (2016) performed an analysis of the American Physical Therapy Association journals in order to discover the statistical terms used from 2011 to 2012. They concluded that 81 representative terms constituted the 90% of all concurrences (a total of 532 terms). Simon et al. (2014) analyzed the content and scientific trend of the articles published in the Journal of Manual & Manipulative Therapy from 1993 to 2012. As conclusion, the research for adolescents, older adults, and for upper and lower extremity were considered as important for the future. Saragiotto et al. (2014) described the study designs employed in the Brazilian Physical Therapy production, addressing that most of the research used levels II and III of evidence. Martínez-Fuentes (2014) and Martínez-Fuentes et al. (2014) treated to characterize the intellectual basis of the Physical Therapy area through a co-citation analysis in three international impact journals (Physical Therapy, Physiotherapy, and Australian Journal of Physiotherapy). They stated that the Physical Therapy area is a young discipline with an interest on the evidence-based practice. Wiles et al. (2012) analyzed the research production in Physical Therapy Journal from 1945 to 2010. The study led to the conclusion that the production comprising high-quality research from large research concentrations from different countries and affiliations. Coronado et al. (2011) conducted a bibliometric analysis of the articles published from 1980 to 2009 in Physical Therapy Journal. They stated that there was an increment in the interest on articles focused on evidence-based practice and clinically based research. Vernaza-Pinzón and Álvarez-Bravo (2011) characterized the Physical Therapy scientific literature output in Latin America from 2000 to 2007, concluding that Brazil is the country with the higher production and it was centered on the community-based rehabilitation. Lastly, Wakiji (1997) performed a study where Physical Therapy literature was mapped analyzing the articles’ cited references in Physical Therapy Journal and Archives of Physical Medicine and Rehabilitation. The high citation from journals of the Physical Therapy (representing the 77% of the cites) area was highlighted. In views of this background, the present study adds new knowledge about the impact and evolution of the Physical Therapy research.

Therefore, the main aim of this analysis is to describe the scientific evolution of Physical Therapy research through articles published in Physiotherapy, Physical Therapy Journal, and Journal of Physiotherapy/Australian Journal of Physiotherapy from 1951 to 2013. This paper describes how a longitudinal SMA was undertaken to identify this emerging field of research, its structure, its conceptual evolution over time, and the future research directions.

MATERIALS AND METHODS

Data Extraction

In order to carry out the analysis, Web of Science (WoS) and Scopus databases were used to retrieve the documents indexed in the three classics journals that compose the Physical Therapy core scientific publications in Rehabilitation category: Physiotherapy, Physical Therapy Journal, and Australian Journal of Physiotherapy/Journal of Physiotherapy. The last two journals could be considered as one, since the title changed in 2010 from Australian Journal of Physiotherapy to Journal of Physiotherapy. These journals were selected because they are those with a higher number of years indexed in WoS Rehabilitation category and focused on the general knowledge domain, covering the professional development of this discipline and with a higher number of documents. Furthermore, this approach was previously applied in research (Martínez-Fuentes, 2014; Martínez-Fuentes et al., 2014).

Web of Science and Scopus were used together in order to obtain the whole production, Physiotherapy (Scopus: 1986–2004; WoS: 2005–2013), Physical Therapy Journal (WoS: 1964–2013), and Journal of Physiotherapy/Australian Journal of Physical Therapy (Scopus: 1973–2008; WoS: 2009–2013). An amount of 8,146 documents (articles and reviews) was downloaded from 1951 to 2013 (WoS: 6,700; Scopus: 1,446). The citations retrieved count up to May 2014. The authors’ keywords and keywords plus from WoS and authors’ keywords and index keywords from Scopus were jointly used to build the different diagrams and networks.

Data Analysis

Through the analysis, SMA (Cobo et al., 2011b) highlights the relation among disciplines, fields, specialties, and individual documents or authors into the research production by means of spatial representation (Small, 1999; Chinchilla-Rodríguez et al., 2016). It monitors a research field and determines the structure and evolution of the discovered research areas, displaying its conceptual, intellectual, and social aspects (Noyons et al., 1999; Börner et al., 2003; Morris and Van Der Veer Martens, 2008; Vargas-Quesada et al., 2017). The open-source software SciMAT is used to carry out the SMA analysis performed in the present article (Cobo et al., 2012).

Different bibliometric tools are available to perform this kind of study (Cobo et al., 2011b), but SciMAT contains some characteristics that distinguish it from other SMA software tools. SciMAT divides the analysis into four phases. A detailed explanation of the four phases can be found elsewhere (Cobo et al., 2012; Moral-Munoz et al., 2014), although a brief description is shown below:

1. Research themes detection: in this phase, the aim is to detect the research problems and/or centers of interest that are attracting the researchers’ attention. A normalized co-word network using the keywords co-occurrence is built. After the network generation, the simple center algorithm (Coulter et al., 1998) is employed to define the themes of relevance in the research area.

2. Generation of the strategic diagrams. A two-dimensional strategic diagram is obtained by plotting each detected cluster (Callon et al., 1991). Once the research themes are mapped into a two-dimensional space, they can be classified into four groups (Cobo et al., 2011a): (1) Motor themes: appear in the upper-right quadrant and are considered well developed and important for the structuring of a research field. (2) Basic and transversal: appear in the lower-right quadrant and are considered important for a research field but are not yet developed. (3) Emerging or declining: appear in the lower-left quadrant and are considered weakly or marginally developed. (4) Highly developed and isolated: appear in the upper-left quadrant and are considered to be well developed but of marginal importance for the field.

3. Discovery of thematic areas. In order to discover the origins and interrelationships of the primary thematic areas, the evolution of the different research themes detected before is analyzed over a set of different periods. In the visualization, columns correspond to the different subperiods established to divide the whole time span. The spheres’ volume is proportional to the number of documents associated with each theme. When both themes have the same name, or they share a part of the name, they are linked by solid lines. Furthermore, if the themes share elements but not the name, they are linked by a dotted line. The color-shadows group the themes that belong to the same thematic area. If a theme does not have a shadow, it means that it does not belong to any thematic area.

4. Performance analysis. In order to measure the relative contribution of the research themes and thematic areas quantitatively and qualitatively, some performance values can be added to these sets: number of published documents, number of received citations, and h-index (Hirsch, 2005; Alonso et al., 2009). Once the sets of documents are associated with each cluster [using a document mapper function (Cobo et al., 2011b)] and the performance values are added, the most prominent, productive, and highest-impact subfields may be identified.

Before performing the analysis mentioned above, document’s keywords were submitted to different pre-processing tasks: (i) a de-duplicating process was applied to group the synonymous, such as the plural and singular forms, in order to identify a single word representing a concept; (ii) furthermore, descriptive keywords were manually added to ensure completeness, because several documents did not contain any keywords; and (iii) finally, meaningless keywords in this conceptual framework, such as stop words, or words with general or wide meanings, were removed (e.g., outcomes, disease, system, and so on). In Figure 1, the workflow of the SMA performed is shown.
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FIGURE 1 | Workflow of the analysis performed.



In order to establish the number of periods to analyze, two, three, and four subperiods were tested. Finally, three subperiods were established during the whole period (1951–2013), because using two subperiods, no evolution was analyzed; and with four subperiods, there were not enough document count to obtain an appropriate analysis. Likewise, it is common to use subperiods of the same number of years, but in the first years, the number of researchers and publications were low (Figure 2). Therefore, the documents were grouped inequality to obtain an adequate number of documents in each defined subperiod, in order to have enough keywords to perform the analysis previously described. Then, a first subperiod of 34 years (1951–1984), a second subperiod of 16 years (1985–2000), and a third subperiod of 13 years (2001–2013) were established.
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FIGURE 2 | Evolution of the Physical Therapy production from 1951 to 2013.



RESULTS

Once the analysis was performed, some results were obtained about the different themes detected and the thematic evolution of the Physical Therapy field.

Visualization of Themes

A strategic diagram was built using SciMAT, in order to analyze the most notable themes for each subperiod. In these spatial representations (Figures 3–5), the spheres’ volume is proportional to the number of documents associated with each theme. In brackets, the number of citations associated with each theme is also depicted. On the other hand, different tables (Tables 1–3), with information about the performance values (number of documents, h-index, and number of citations), are addressed in order to provide an overview of the themes’ impact. Furthermore, the information about the main documents that compose the themes is used to make some observations.
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FIGURE 3 | Strategic diagram for the subperiod 1951–1984.
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FIGURE 4 | Strategic diagram for the subperiod 1985–2000.
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FIGURE 5 | Strategic diagram for the subperiod 2001–2013.



TABLE 1 | Bibliometric indicators of period 1951–1984.
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TABLE 2 | Bibliometric indicators of period 1985–2000.
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TABLE 3 | Bibliometric indicators of period 2001–2013.
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Period 1951–1984

Relating to the strategic diagrams shown in Figure 3 and bibliometric indicators in Table 1, some results are remarkable.

The motor themes of Central Nervous System and Education and the emerging/declining theme Psychological Aspect present similar high publications values, considered as highlighted themes. The theme Central Nervous System is focused on child psychomotor development and alterations derived from the cerebrovascular accident (Duncan et al., 1983; Holden et al., 1984). The theme Education, although with a high number of publications, has a low h-index. It is a broad theme that involves issues concerning academic aspects to conform the Physical Therapy curricula (Emery, 1984). The theme Psychological Aspect is composed of articles related to different variables that could influence health problems (e.g., geographic distribution, economic aspect, and so on) (Short et al., 1984).

The basic and transversal themes Diagnosis, Knee, and Gait along with the motor theme Muscle Contraction obtain the best performance results with the highest h-index and citations count. The theme Diagnosis is composed of documents that enhance the importance of the physical therapy diagnosis (Boone et al., 1978). The theme Knee is related to diseases, treatments, and disability assessment of the knee joint (Gajdosik and Lusin, 1983; Rothstein et al., 1983). Another main theme, Gait, is related to movement disorders and orthopedic equipment, being important in relation to posture and locomotion assessment (Holden et al., 1984). Finally, the theme Muscle Contraction even has better performance values than Knee and Gait with less number of documents. It is mainly related to muscle physiology and biomechanics (Murray et al., 1980).

Finally, it is interesting to highlight the isolated and highly developed theme Animal and the motor theme Heart. The theme Animal has low-performance values, but it is the origin of a thematic area in Physical Therapy research focused on animal experimentation (Gossman et al., 1982). Otherwise, the theme Heart has moderate performance values, but it is the beginning of a thematic area in the whole period. It is related to the rehabilitation of conditions of the cardiovascular system (Dull and Dull, 1983).

Period 1985–2000

According to the strategic diagrams (Figure 4) and bibliometric indicators (Table 2), some observations should be remarked.

The motor theme Middle Aged presents the highest performance values. It has more than double of citations respect to theme Gait, ranked second in number of citations and h-index. This theme is wide and is related to different middle-aged population health aspects, such as activities of daily living (Jevsevar et al., 1993), cerebrovascular accident (Malouin et al., 1992), or time factors (Lord and Castell, 1994). As mentioned above, it is remarkable the motor theme Gait with the second better performance values but with less number of documents than Education or Diagnosis. This theme is related to anatomical body parts involved in gait, walking aids, biomechanics, and gait disorders.

The motor theme Education has a high number of documents published with the second place in number of documents, but its scientific impact seems to be low. There are also three remarkable themes, the basic or transversal themes Diagnosis and Low Back Pain, and the motor theme Quadriceps Femoris Muscle; they present high impact values with half of the documents that Middle Aged or Education. According to the above, the theme Diagnosis has less strength and in the next period, it disappears. In this period, the theme Low Back Pain strongly appears becoming a cornerstone of a new thematic area. It is related to anatomical aspects, pain assessment, and treatments of this disease (Lindstrom et al., 1992). The theme Quadriceps Femoris Muscle is focused on different knee injuries and thigh muscles aspects (Winter et al., 1990); it is also remarkable the relationship with electric stimulation (Snyder-Mackler et al., 1994).

Besides, the themes Pain, Body Equilibrium, and Muscle Function obtain high performance values, especially in h-index. The theme Pain is related to different diseases and treatments and focused on the differences in pain thresholds among people (Hogeweg et al., 1996). Body Equilibrium is related to cerebral aspects involved in equilibrium and it is evident the importance in geriatric research (Shumway-Cook et al., 1997). The third theme worthy to mention, Muscle Function, is focused on biomechanical and physiological aspects of muscle activity (Bandy et al., 1997).

Finally, the isolated or highly developed theme Animal is present in this period but with low-performance values. It disappears in next period and it forms along with the first period a little thematic area.

Period 2001–2013

According to the strategic diagrams (Figure 5) and bibliometric indicators (Table 3) obtained in this period, different findings should be remarked.

In this period, the motor theme Middle Aged is consolidated. It also presents the highest-impact values. The basic and transversal theme Follow Up and the motor theme Body Equilibrium also have very high and similar performance values. The theme Follow Up is related to research documents based on different health aspects that require time control [e.g., neck pain treatment (Cleland et al., 2007), quality of life (Chien et al., 2008), and so on]. Body Equilibrium gets a higher production in this period, becoming the third theme with better performance values.

Kinesiotherapy, Cerebrovascular Accident, Evidence-Based Practice, and Low Back Pain compose another group that also presents high performance values. The basic and transversal theme Kinesiotherapy is focused on musculoskeletal disorders and treatments (Smidt et al., 2005). Cerebrovascular Accident appears as an important motor theme and is mainly related to morbidities due to this disease (Blum and Korner-Bitensky, 2008). Otherwise, the theme Evidence-Based Practice appears as a signal about this Physical Therapy approach to clinical practice. Finally, it is interesting to highlight that theme Low Back Pain also appears in this period and seems to have a growing pattern.

The basic or transversal theme Education loses strength in this period, this fact could reflect that the Physical Therapy curricula is highly developed. According to previous studies (Coronado et al., 2011), the research in Physical Therapy education is high due to its development but in this period education aspects seem to be established. On the other hand, the isolated theme Exercise Test is related to different form of evaluation during exercise [e.g., oxygen consumption (Berney and Denehy, 2003), exercise tolerance (Folpp et al., 2006), and so on]. This theme has less importance in Physical Therapy research, but seems to be a clear research line related to exercise and cardiovascular aspects.

Thematic Evolution Over Time

In relation to the thematic evolution, nine thematic areas have been identified over these three subperiods: Middle-Aged People, Muscle Function Alterations and Recovery, Health Education, Gait and Equilibrium, Central Nervous System, Diagnosis, Low Back Pain, Heart Rate and Exercise, and Animal. Thus, to analyze the evolution of this field, Figure 6 and Table 4 show several findings that need to be remarked to note thematic relationships about composition, structure, and impact.
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FIGURE 6 | Thematic evolution of Physiotherapy (1951–2013).



TABLE 4 | Performance values for the Physical Therapy thematic areas.
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In line with the thematic composition of the research area, several findings should be pointed out: the thematic area Middle-Aged People is composed of motor and emerging/declining themes. It includes the two last periods one important motor theme, called as this thematic area. Gait and Equilibrium starts with a basic theme focused in gait and it develops into a motor theme in last period, more related to equilibrium. It is mainly composed of basic and motor themes.

The thematic area Muscle Function Alterations and Recovery is mainly composed of motor and basic themes and is the thematic area with higher number of themes. The theme Muscle Contraction seems to be the main motor theme. Health Education has the theme Education as motor theme along whole time span. This thematic area is composed of other emerging themes that accompany the main theme.

The thematic area Central Nervous System starts from a motor theme that names it and it develops into other motor themes that are in relation to this wide theme. Heart Rate and Exercise is composed of motor themes in first two periods, but in the last period, it develops into an isolated theme.

The thematic area Diagnosis is consolidated as a basic theme throughout the first two periods but it disappears in the last period. Low Back Pain seems to be an important thematic area in future research, it starts in the second period and is composed of basic and emerging themes. Lastly, the thematic area Animal is formed by two isolated themes.

Relating to the structural evolution, it should be pointed out that the research field presents great cohesion, because the majorities of detected themes are included into a thematic area and originated in a related previous subperiod. Furthermore, the majority of these evolutions take part of a common thematic nexus. There are themes from the last period (e.g., Intensive Care Units, Ankle Injuries, and Psychometry) there were not included in any thematic area. In theses cases, they could be considered as emergent new thematic areas. Thematic areas are composed of themes that clearly reflect their topic. Generally, the thematic areas present a structural growing pattern.

According to the performance values, some findings should be remarked. The thematic area Middle-Aged People is the most important topic with reference to the number of documents and citations, obtaining the highest-impact index and h-index. On the other hand, in second position, Muscle Function Alterations and Recovery is the thematic area with higher performance values. The thematic areas Health Education and Gait and Equilibrium also present a high citation value and h-index. All thematic areas present a growing trend in the number of documents published.

DISCUSSION

The present study describes the structure of the Physical Therapy research field based on its conceptual evolution. The conceptual themes and thematic areas of this research field have been visualized using papers published in WoS and Scopus.

Nine thematic areas have been identified in the Physical Therapy research field. Among these, there is one, focused on diseases and health aspects in relation to middle-aged people, very important in the development of Physical Therapy research field. This thematic area achieves the highest performance values. Its appearance is related to Simon et al. (2014) conclusions: “the main participants in Journal of Manual & Manipulative Therapy studies were young to middle-aged symptomatic adults with low back and/or neck pain.” The importance of muscle function, diseases, and anatomical aspects is high; their performance values are good, especially the thematic area focused on muscle contraction aspects. On the other hand, it should be pointed out the relation between gait and equilibrium, at the beginning the research is more centered in biomechanical aspects of gait and it has evolved to equilibrium. It seems to keep growing in that way, the theme equilibrium is becoming important in Physical Therapy research. The thematic area Health Education has an important theme called Education; it starts as a motor theme and presents high performance values. Throughout time span the theme Education is decreasing in scientific production and impact, it is more important in first years when the Physical Therapy curricula were developing. This fact is supported by Coronado et al. (2011) conclusions. Nevertheless, it is evident the current interest on educational aspects (Lopes et al., 2016; O’Connor et al., 2017). Otherwise, we can see how the Physical Therapy research field is becoming more specific in other thematic area as Heart Rate and Exercise. First, it is composed of themes such as Heart or Heart Rate, but in the last period, it is focused on Exercise. The thematic area Diagnosis at the beginning is more focused on diagnosis aspects, but they become less frequent in recent publications. Last, it is interesting to highlight the theme Low Back Pain,which seems to be a growing thematic area with a growing pattern in the future. The presence of these themes is also related to those topics suggested by Simon et al. (2014).

The thematic area Middle-Aged People reaches the best impact values with reference to the number of citations and h-index. This suggests that the importance of Physical Therapy in this population group is capturing the attention of the Physical Therapy research field. This finding is interesting and could be related to the concept of quality of life. The thematic area Muscle Function Alterations and Recovery is another highly developed thematic area with a high amount of documents. The number of documents published and the relation to different issues suggest that anatomical aspects and different injuries related to muscles are a major focus in this field. Overall, all thematic areas show a consistent development along the period studied. There has been an increment of the citations categorized in these thematic areas in the last period, indicating that there is a growing research interest in them.

Nevertheless, some study limitations can be highlighted. First, the use of WoS and Scopus as bibliographic sources implies that articles not indexed in the database have not been analyzed. Second, the journals selection was performed by choosing the most important among the professionals. Some important publications could have been excluded. If they would be taken into account, the detected thematic areas could change.

CONCLUSION

In relation to the study results, some conclusions can be made. The scientific community can now identify the interest focused, over time and trend, on the different thematic areas. It can be concluded that the Physical Therapy citations and production are primarily focused on two large thematic areas, diseases that involve middle-aged population and muscle function and its alterations. On the other hand, other thematic areas are important in terms of research interest. These include gait and equilibrium, health education, and central nervous system. Results show the fast growing of this research field and they suggest that it will follow attracting more research in the future. The findings reported in this study could be used to provide a historical framework of the research conducted in this field and an evidence-based model on which future research can be built.
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