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Purpose: The objectives of this study were to investigate the nature of recently
published prosthodontic literature, to investigate the types of collaboration and funding
as well as their relationship, and to analyze the associations between collaboration
and extramural funding. Materials and Methods: Three peer-reviewed prosthodontic
journals were used for the analysis of articles published in 1998, 2003, and 2008.
The articles were analyzed based on associations between the type of article, type
of original research, collaboration, and funding. The chi-square test and logistic
regression were used for data analysis (a = .05). Results: From 998 articles, a
significant decrease in reviews (P < .001) and an increase in case reports (P = .001)
were observed. Articles regarding dental materials ranged from 53% to 58% of the
total original research, and the amount of collaboration among disciplines (P = .012),
institutions (P < .001), and countries (P = .014) increased from 1998 to 2008. Most
studies (77.5%) did not report funding, and articles related to dental materials had
the most collaboration and funding. Dental materials (48%), clinical care (37%), and
education/public health research (7%) were supported by private companies, and
biomedical and translational studies were mostly supported by a university (13%) or
the government (7%). A strong association was noted between collaboration (P =.010),
extramural funding, and original research, especially related to education/public health
(P < .001), clinical care (P = .013), and dental materials (P = .004). Conclusion:

An increase in original research and collaboration was observed from 1998 to

2008. Studies that reported funding remained constant. A strong association with
collaboration and funding was observed, along with studies involving clinical care,
education, public health, and dental materials. Int J Prosthodont 2011;24.473—-478.

Several authors have examined the research trends,
such as types of articles and subjects of research,
in their specialty.”* An increase in the number of pub-
lications with a significant increase in collaborative
efforts with other disciplines has been observed.>5-8
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In prosthodontics, there has been a significant in-
crease in the number of available publications,® which
may reflect the breadth of research activities occur-
ring within the discipline and possible author collabo-
ration with individuals in other disciplines.
Collaboration has been described as “cross-
fertilization of fields""® or “boundary crossing,”"-*
and it has played a significant role in new knowledge
production because of friendlier problem-solving ap-
proaches.” Some have expressed that through col-
laboration, scientists enhance the impact of their
research by exploring literature beyond their tradi-
tional disciplinary boundaries,'® and these collabora-
tive efforts are associated with creativity, progress,
innovations, and many intellectual breakthroughs.!”
Benefits also arise from collaborative efforts, since
an increase in research activities and publications
may warrant the need for more research funding.
Obtaining grants and extramural funding has been
considered a main factor for academic advancement
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and success,'® as well as advancement for the spe-
cialty itself. Several studies have reported that the
increased number of funded research in medical
fields'®2% was not necessarily linked to the increased
amount of collaboration. In prosthodontic research,
financial support can come from universities, the gov-
ernment, foundations, or private companies. The rela-
tionship between collaboration and source of funding
in prosthodontics has not been investigated widely.

Given the complex nature of prosthodontics, from
the interdisciplinary patient care to the wide use of
dental materials, different forms of collaboration
can be expected for research projects. Several re-
searchers have described the trends in prosthodontic
research and advocated the need for more collabo-
ration.2'-28 However, research and collaboration in
prosthodontics have not been well documented.

Using three prosthodontic journals and three pub-
lication years, the objectives of this study were to (7)
investigate the nature of recently published prostho-
dontic literature; (2) investigate the types of collabo-
ration, funding, and their relationship; and (3) analyze
the associations between collaboration and extra-
mural funding. The hypothesis was that the trends
for collaborative efforts and extramural funding for
original research would increase with time and that
an increase in collaboration would correlate with in-
creased extramural funding.

Materials and Methods

Three peer-reviewed prosthodontic journals were
used for the analysis of articles published in 1998, 2003,
and 2008. The journals were selected based on high
circulation rate, the representation of prosthodontics
and prosthodontic organizations, availability, and be-
ing written in the English language. The three journals
selected for this study were: International Journal of
Prosthodontics, Journal of Prosthetic Dentistry, and
Journal of Prosthodontics. Abstracts, letters to the ed-
itor, editorials, and book reviews were excluded from
the analysis. After gathering data from the first issue
of 1998 of all three journals, three investigators were
calibrated on the methods of data collection, catego-
rization, and interpretation of the variables to ensure
consistency. Calibration again occurred after gather-
ing data from the rest of 1998 from all three journals.
The investigators then were assigned to each journal,
and the articles were assessed.

For each article, the following parameters were
collected:

¢ C(lassification for published articles: The classifica-
tion of the published articles was modified from a
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study by Kanavakis et al.? The published articles
were classified using five descriptors: original re-
search (articles that included measurements and
analysis of data), review (not experimental), case
report, technique, or other (not classifiable under
the identified categories).

e Description of original research: After the stud-
ies were classified, only the original research was
further examined. The categorization was modi-
fied based on the publication from Smollin and
Nelson.?® Six categories were used to identify the
type of research: clinical care, dental materials, ed-
ucation/public health, biomedical science, transla-
tional science, or other (not classifiable under the
identified categories).

e Collaboration: The number of institutions, disci-
plines, and the countries involved in the study
were identified. Classification for collaboration
was adapted from a study by Rosenzweig et al.5
Multi-institutional collaboration was defined as a
study involving authors from two or more institu-
tions, hospitals, military or research facilities, etc.
Multidisciplinary collaboration was defined as a
study involving authors from two or more special-
ties/disciplines. Multinational collaboration was
defined as a study involving authors from two or
more countries.

e Extramural funding: The sources of funding were
identified for the original research. The classifica-
tion for extramural funding was modified from a
study by Birkhahn et al.! They were classified as
private, university, government, no funding report-
ed, or other (not classifiable under the identified
categories). If the study reported more than one
source of funding, it was classified as multiple.

Data were collected and entered into Microsoft
Excel 2003 (Microsoft). Descriptive statistics includ-
ing the frequencies and percentages of article types
and topics in original research; frequencies and per-
centages of multidisciplinary, multi-institutional, and
multinational studies; and the frequencies of fund-
ing and sources were calculated. Statistical software
(SPSS version 17.0, SPSS) was used for more in-depth
analyses. A significance level of .05 was used for all
tests. Chi-square tests were performed to evaluate
the difference from 1998 and 2008 in the types of
published articles, types of original research, collabo-
ration, and funding. Logistic regression models were
constructed for multivariate analysis to assess the as-
sociations of types of original research with funding.
A second logistic regression analysis was performed
to evaluate the association between funding and col-
laboration within the original research studies.
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Fig 1 Distribution of article types in 1998, 2003, and 2008.
*P < .001, **P = .001.

Fig 2 Distribution of type of original research in 1998, 20083,
and 2008.
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Fig 3 Distribution of multi-institutional, multidisciplinary, and
multinational collaborative efforts in prosthodontics in 1998,
2003, and 2008. *P < .001, **P = .012, ***P = .014.

Results

A total of 998 articles were identified in the three rep-
resentative years: 334 were published in 1998, 345
were published in 2003, and 319 were published in
2008. The change in the percentage of type of articles
over the study period is shown in Fig 1. The decrease
in reviews (x> = 21.66, df = 1, P < .001) and the in-
crease in case reports (x> = 10.17, df = 1, P = .001)
from 1998 to 2008 was statistically significant.

The distribution of the types of original research
is shown in Fig 2. Original research related to dental
materials ranged from 53% to 58%, and clinical care
ranged from 27% to 30%. Education/public health,
biomedical science, translational science, or other

Fig 4 Distribution of funding type for original research in
1998, 2003, and 2008.

comprised 10% or less of the research types. The dis-
tribution of original research among all categories did
not change significantly over time.

The amount of collaboration among different dis-
ciplines, institutions, and countries all increased over
time, and the greatest increase was seen in collabo-
ration between institutions (Fig 3). The increase in
multidisciplinary (x> = 6.38, df = 1, P = .012), multi-
institutional (x? = 39.10, df = 1, P < .001), and multi-
national (x> = 6.05, df = 1, P = .014) collaboration from
1998 to 2008 was statistically significant.

Of 998 articles, 773 (77.5%) articles did not report
any type of funding. The articles that reported extra-
mural funding remained fairly consistent from 1998 to
2008 (Fig 4). No significant changes were observed.
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Table 1 Distribution of Collaboration Based on Type of Original
Research

Multi-institutional ~ Multidisciplinary ~ Multinational

Dental materials 144 (57%) 174 (51%) 42 (51%)
Clinical care 68 (27%) 101 (29%) 27 (33%)
Education/public health 19 (8%) 27 (8%) 8 (10%)
Biomedical science 5 (2%) 17 (5%) 2 (2%)
Translational science 4 (2%) 8 (2%) 1(1%)
Other 13 (5%) 17 (5%) 2 (2%)

Table 2 Distribution of Source of Funding Based on Type of Original

Research
Private University ~ Government  Multifunded

Dental materials 40 (48%) 21 (68%) 31 (53%) 14 (39%)
Clinical care 31 (37%) 3 (10%) 13 (22%) 13 (36%)
Education/public health 6 (7%) 1 (3%) 5 (9%) 3 (8%)
Biomedical science 2 (2%) 4 (13%) 4 (7%) 3 (8%)
Translational science 0 (0%) 0 (0%) 4 (7%) 0 (0%)
Other 4 (5%) 2 (7%) 2 (3%) 3 (8%)

Table 3 Logistic Regression Models for Indicators of
Extramural Funding for Type of Original Research and
Collaboration

Odds ratio
(95% CI) P

Type of original research
Clinical care 3.1(1.3-8.0) .013*
Education/public health 3.4 (2.0-5.8) < .0071*
Dental materials 2.7 (1.4-5.5) .004*
Biomedical science 0.9 (0.4-2.2) 798
Translational science 0 996
Other 0 .996
Type of collaboration
Multidisciplinary 1.0 (0.8-1.3) .825
Multi-institutional 1.6 (1.2-2.3) .008*
Multinational 1.9 (1.2-3.2) .010*

ClI = confidence interval.
*P < .05.

The proportions of the collaboration and funded
studies are described in Tables 1 and 2. Original re-
search related to dental materials had the highest
proportion of collaboration and funding in all catego-
ries. Dental materials, clinical care, and education/
public health research were mostly supported by
private companies, whereas biomedical and transla-
tional studies were mostly supported by a university
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and the government, respectively. The relationship
between extramural funding, collaborative efforts,
and the type of original research is presented in Table
3. Within all types of original research, the logistic
regression model showed a strong association with
extramural funding when the type of article was re-
lated to education/public health, clinical care, and
dental materials (odds ratio: 3.4, 95% confidence in-
terval [CI]: 2.0 to 5.8; odds ratio: 3.1, 95% CI: 1.3 to 8.0;
odds ratio: 2.7, 95% Cl: 1.4 to 5.5, respectively). There
was a strong association between collaboration and
extramural funding for original research (odds ratio:
2.8, 95% CI: 2.0 to 4.2). Within the collaborative ef-
forts, the logistic regression model showed a strong
association with multinational and multi-institutional
collaboration (odds ratio: 1.6, 95% CI: 1.2 to 3.2; odds
ratio: 1.9, 95% Cl: 1.2 to 2.3, respectively).

Discussion

In this study, a significant increase in the collabora-
tion between disciplines, institutions, and countries
was observed that paralleled other research disci-
plines.26-8 Prosthodontic treatments are often com-
plex and comprehensive; therefore, certain clinical
trials may involve multiple disciplines. For example,
clinical trials involving dental implants may use other
surgical disciplines or multiple institutions. Some clini-
cal trials have been criticized for poor design in the
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past,?*and through collaborative efforts, studies could
be designed and conducted with better approaches.

Many studies on dental materials involved col-
laboration. Traditionally, research on dental materials
has analyzed physical properties or clinical perfor-
mance.?® Biocompatibility, biologic outcome, or host
response have become a large part of dental mate-
rials research.?%28 This study found a wide range of
collaboration with other disciplines, such as chemi-
cal engineering, oral biology, and microbiology. This
study did not examine the specific subject of clinical
care or dental materials, so it is difficult to determine
the reason for the increased collaboration. However,
data provided in this study do support the notion that
more collaboration is occurring in prosthodontics
with a variety of disciplines and locations.

Collaborative efforts in scientific research have
been viewed both positively and negatively. Positive
aspects of collaboration include new knowledge
production,’® enhanced impact on research,'® and
increased creativity, progress, and innovations."”
Collaborative works have been cited more frequently
in scientific journals, suggesting that collaborations
can produce higher quality research that has a higher
impact.?” On the other hand, collaborative research
has been criticized as being a threat to the motiva-
tion of scientists and having adverse effects on the
accountability of the research.?® Other distinguished
journals in different dental specialties may report ex-
tensive collaboration and funding; this study solely
examined the prosthodontic specialty. Whether col-
laboration has a positive or negative impact, this
study has shown an increase in the collaborative ef-
forts. The scientific community can learn to embrace
this trend and explore new areas while maximizing
creativity and teamwork.

In the prosthodontic literature examined, studies
related to dental materials encompassed the high-
est percentage of original research articles for all
three years. In addition, “dental materials” was the
topic that received the most amount of funding. The
majority of dental materials and clinical study fund-
ing was from private companies. Private companies
may develop relationships with institutions for testing
of their products, so they may be willing to provide
materials needed for studies as well as funding for
some research projects.?®30 Similar to our findings,
Moses et al'® showed that there has been tremendous
growth in biomedical research, and the majority of the
funding came from private companies. Even though
private companies may invest in research and devel-
opment with good intentions, there may be interest in
commercial opportunity as well.3' Some studies have
found a strong association between industry-funded

studies and statistically significant positive results,
which may suggest that certain funded studies can
introduce bias that is favorable for the company.3233
Critically assessing areas of greater need in research,
developing programs, and using funds to improve
those areas could potentially be beneficial for the
growth and advancement of prosthodontics.

Articles related to public health, biomedical sci-
ence, or translational science were fewer in num-
ber compared to dental materials or clinical care. A
similar trend was observed in a review by Akagawa in
2006.2% According to the author, the proportion of ar-
ticles written about topics such as biology, sociology,
psychology, and epidemiology were small compared
to dental materials when the International Journal of
Prosthodontics and the Journal of Prosthetic Dentistry
were analyzed from 2004 to 2005. It may be possible
that few prosthodontists are involved in public health
or biomedical or translational science compared to
other areas or that they may publish their work in
nonprosthodontic journals. Nevertheless, based on
impact to the restorative component of prosthodontic
practice, the selected journals were expected to have
the greatest impact.

The overall incidence of extramural funding did not
change significantly over time. Original research in
the areas of clinical care, education and public health,
and dental materials showed a strong association as
predictors for extramural funding. However, the pro-
portion of published articles in education and public
health ranged from 6% to 10% of the total prostho-
dontic literature. Thus, this may not be a true rep-
resentation of the association between extramural
funding and studies in education and public health.
The numbers of original research articles that were
funded by the government represented 6% of all re-
search. This was similar to a report by Lipton,3* in
which it was found that prosthodontics represented
9% of the NIH scientific award program in the past. A
recent report from the NIH3® showed examples of the
collaborative efforts and distribution of funds. With
a strong association between collaboration and ex-
tramural funding, data from this study can serve as
encouragement for more prosthodontic researchers
to collaborate.

Several limitations existed in this study that could
affect the reported publication and collaboration re-
sults. Only three representative years within a 10-year
span were examined. The trends described within this
study were merely observations, based on three jour-
nals, and may not accurately represent all character-
istics of the specialty. In addition, regarding source of
funding, when no funding was reported, investigators
assumed no extramural funding was involved in the
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study, which may not have been accurate. Another
limitation was that the study included three journals
only from the field of prosthodontics. As described
by Nishimura et al,® articles related to prosthodon-
tics may appear in over 50 different dental journals.
Many prosthodontic researchers may actively publish
articles in different journals other than the three in-
cluded in this study.

Conclusion

Three leading prosthodontic journals and their ar-
ticles from 1998, 2003, and 2008 were examined for
trends in research, collaboration, and extramural
funding. While the topics in original research re-
mained constant, a small increase in the number of
original research publications was observed. Data
showed a significant increase in the amount of col-
laboration among different institutions (P < .001), dis-
ciplines (P = .012), and countries (P = .014), while the
number of funded studies remained fairly constant.
Collaboration and research in the areas of clinical
care (P = .013), education/public health (P < .001),
and dental materials (P = .004) had strong associa-
tions with extramural funding.

References

1. Birkhahn RH, Van Deusen SK, Okpara Ol, Datillo PA, Briggs WM,
Gaeta TJ. Funding and publishing trends of original research by
emergency medicine investigators over the past decade. Acad
Emerg Med 2006;13:95-101.

2. Kanavakis G, Spinos P, Polychronopoulou A, Eliades T,
Papadopoulos MA, Athanasiou AE. Orthodontic journals with
impact factors in perspective: Trends in the types of articles and
authorship characteristics. AmJOrthod Dentofacial Orthop 2006;
130:516-522.

3. Powers RD. Multiple authorship, basic research, and other
trends in the emergency medicine literature (1975 to 1986). Am
J Emerg Med 1988;6:647-650.

4. Wilson MP, ltagaki MW. Characteristics and trends of pub-
lished emergency medicine research. Acad Emerg Med
2007;14:635-640.

5. Rosenzweig J, Van Deusen SK, Okpara Ol, Datillo PA, Briggs
WM, Birkhahn RH. Authorship, collaboration, and predictors of
extramural funding in the emergency medicine literature. Am J
Emerg Med 2008;26:5-9.

6. Bourke P, Butler L. Institutions and the map of science: Matching
university departments and fields of research. Research Policy
1998;26:711-718.

7. Hayashi T, Fujigaki Y. Differences in knowledge production be-
tween disciplines based on analysis of paper styles and citation
patterns. Scientometrics 1999;46:73-86.

8. Hinze S. Collaboration and cross-disciplinarity in autoimmune
diseases. Scientometrics 1999;46:457-471.

9. Nishimura K, Rasool F, Ferguson MB, Sobel M, Niederman
R. Benchmarking the clinical prosthetic dental literature on
MEDLINE. J Prosthet Dent 2002;88:533-541.

478 The International Journal of Prosthodontics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Crane D. Invisible Colleges: Diffusion of Knowledge in Scientific
Communities. Chicago: University of Chicago Press, 1972.
Pierce SJ. Boundary crossing in research literatures as a
means of interdisciplinary information transfer. J Am Soc Inf Sci
1999;50:271-279.

. Small H. A passage through science: Crossing disciplinary

boundaries. Library Trends 1999;48:72-108.

Gieryn T. Boundary-work and the demarcation of science from
non-science: Strains and interests in professional ideologies of
scientists. Am Soc Rev 1983;6:781-795.

Davis M. Disciplines, interdisciplinarity and migration in family
research. Res Eval 1992;2:177-187.

Foray D, Gibbons M. Discovery in the context of application.
Technol Forecast Soc Change 1996;53:263-277.

Steele TW. The impact of interdisciplinary research in the envi-
ronmental sciences: A forestry case study. J Am Soc Inf Sci 2000;
51:476-484.

Morillo F, Bordons M, Gomez . Interdisciplinary in Science: A
Tentative Typology of Disciplines and Research Areas. J Am Soc
Inf Sci Technol 2003;54:1237-1249.

Masella RS, Thompson TJ. Dental education and evidence-
based educational best practices: Bridging the great divide.
J Dent Educ 2004;68:1266-1271.

Moses H 3rd, Dorsey ER, Matheson DH, Thier SO. Financial
anatomy of biomedical research. JAMA 2005;294:1333-1342.
Smollin CG, Nelson LS. Publication of abstracts presented at
2001 NAACT. J Med Toxicol 2006;2(3):97-100.

Carlsson GE, Omar R. Trends in prosthodontics. Med Princ Pract
2006;15:167-179.

Stohler CS. Prosthodontic research: Breaking traditional barri-
ers. J Can Dent Assoc 2005;71:332.

Akagawa Y. The future value of prosthodontics. Prosthodont Res
Pract 2006;5:2-9.

Sjogren P, Halling A. Quality of reporting randomized clinical tri-
als in dental and medical research. Br Dent J 2002;192:100-103.
Edgerton M, Levine MJ. Biocompatibility: Its future in prosth-
odontic research. J Prosthet Dent 1993;69:406-415.

Wataha JC. Principles of biocompatibility for dental practitio-
ners. J Prosthet Dent 2001;86:203-209.

Figgs WD, Dunn L, Liewehr D, et al. Scientific collaboration
results in higher citation rates of published articles. Pharmaco-
therapy 2006;26:759-767.

Wray KB. Scientific authorship in the age of collaborative re-
search. Stud Hist Philos Sci 2006;37:505-514.

Prosthodontic Group of the International Association of Dental
Research. http://www.iadr-prosthodontics.org/studfellowship.
pdf. Accessed January 2009.

International Team for Implantology. http://www.iti.org/html/
101who/who_103found.html. Accessed 25 January 2010.
DeAngelis CD. The influence of money on medical science.
JAMA 2006;296:996-998.

Bhandari M, Busse JW, Jackowski D, et al. Association between
industry funding and statistically significant pro-industry find-
ings in medical and surgical randomized trials. CMAJ 2004;
170:477-480.

Shah RV, Albert TJ, Bruegel-Sanchez V, Vaccaro AR, Hilibrand
AS, Grauer JN. Industry support and correlation to study out-
come for papers published in Spine. Spine (Phila Pa 1976) 2005;
30:1099-1104.

Lipton JA. The Dentist Scientist Award program and prosth-
odontics. J Prosthet Dent 1996;75:666-670.

National Institutes of Health DoHaHS. Report of Trans-National
Institutes of Health Research Conducted in Fiscal Year 2008.
http://opasi.nih.gov/collaboration/2008_Report_of Trans-NIH_
Research.pdf. Accessed December 2008.

©2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY..
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Copyright of International Journal of Prosthodonticsis the property of Quintessence Publishing Company Inc.
and its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for individual use.



