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INTRODUCTION

Breast reconstruction is the remaking of a women’s breast to 
correct the disfigurement resulting from mastectomy in women 
with breast cancer, which affects one in every nine women in 

the United States [1]. Mastectomy is frequently needed in the 
management of breast cancer, so breast reconstruction has been 
increasingly incorporated into the management of patients diag-
nosed with breast cancer [2-4]. One option for reconstruction 
is insertion of breast implants such as saline-filled and silicone 
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gel-filled implants. Use of the patients’ own tissues (autologous 
reconstruction) such as abdominal muscles is another option for 
patients [1].

The first mastectomy was performed in 1889 by William Hal-
sted to surgically control breast cancer [5]. With more appraisal 
of the necessity of mastectomy for breast cancer patients, the 
field of breast reconstruction evolved. Czerny [6], a professor 
of surgery at Heidelberg, performed the first true breast recon-
struction surgery in 1895 [6]. Developments in breast recon-
struction ranged from the ‘‘walking flap’’ of Gilles to the free 
perforator flap using autogenous tissue for recreation of a breast 
‘‘mound’’. Use of tissue expanders for breast reconstruction has 
also been improved over the last three decades. Breast recon-
struction has now become an advantageous choice for women 
undergoing mastectomy [7]. 

The breast cancer rate increased 3.8% per year through the 
1980s, but it has been stable from the 1990s to the present [8]. 
Breast reconstructive techniques have significantly evolved 
over the past several decades, and in the last decades of the 20th 
century these techniques were critically evaluated to recom-
mend the best management strategy. In 1990, the US National 
Institutes of Health recommended breast—conserving surgery—
“lumpectomy” in which only the tumor and surrounding tissues 
are removed-along with radiation as the preferred treatment for 
unilateral breast cancer [9]; thus breast reconstruction became 
an important part of the management of these patients [10,11]. 
In the United States, the overall rate for mastectomy patients 
undergoing reconstruction rose from 4.3% in 1988 to 10.8% in 
1995 (a two-fold increase) [12]. As the requests for this surgery 
rose, the attention of researchers to this field also increased. 
Therefore, many investigators have published articles in this field 
in the last two decades. However, there has been no systematic 
analysis of this increasing number of papers. The bibliometric 
method is useful for assessing the scientific advancements and 
motivations of researchers and determining current research 
directions in a specific field; such data would be extremely useful 
for guiding subsequent research designs as it will predict how 
this field would move forward [13,14]. The aim of this study was 
to perform a scientometric analysis of articles on breast recon-
struction from 1990 to 2010 by bibliometric indicators using the 
Institute for Scientific Information (ISI) Web of Science.

METHODS 

Data source
A descriptive bibliometric study of scientific papers about breast 
reconstruction was conducted. For this aim, the ISI Web of Sci-
ence database, available at http://www.isiknowledge.com was 

chosen because it is one of the major sources for bibliometric, 
citation and other academic impact information of scientific 
articles in various branches of sciences. The prevalence of breast 
cancer in different countries was retrieved from the World Health 
Organization website [15]. 

Search strategies
For choosing the best keywords, the list of Medical Subject 
Headings provided by the National Library of Medicine to 
index the contents of PubMed was considered. The adopted 
search strategy was as follows: breast reconstruct* was used as a 
search keyword, which yielded a total of 3,259 publications. The 
‘* ’ is a wildcard that can take any value. Our search covered pa-
pers published between 1990 and 2010 and was performed on 
May 20, 2011. All retrieved documents, including original ar-
ticles, review articles, case reports, letters, and meeting abstracts 
were included in the analysis.

Data analysis
Specific parameters such as the publication year, articles’ lan-
guage, geographical distribution, first author, main journals in 
this field, citations of the paper by other papers, and institutional 
affiliations were retrieved from the ISI and analyzed using the 
Analyze function provided by the ISI database. Each journal’s 
impact factor was retrieved from the Journal Citation Reports 
available at http://scientific.thomson.com/products/jcr. All 
statistical analyses were performed using Microsoft Excel 2003 
computer spreadsheet software.

Articles about breast reconstruction were analyzed to obtain 
a view of the topic’s structure, history, and document relation-
ships using HistCite software. The bibliography retrieved from 
the Web of Science database was imported to HistCite. A histo-
riography of the breast reconstruction field between 1990 and 
2010 was created by including articles that had been cited 60 or 
more times. 99 documents which had these characteristics are 
listed in Supplemental Appendix 1.  

 

RESULTS

There was a total of 3,259 articles on breast reconstruction in the 
ISI Web of Science during 1990-2010, of which, 1,911 (58.6%) 
were articles, 472 (14.5%) proceeding papers, 304 (9.3%) letters, 
190 (5.8%) editorial materials, 185 (5.7%) meeting abstracts, 
125 (3.8%) reviews, and 32 (1.0%) notes.

Annual publication number during 1990-2010
In Fig. 1, time trend of the number of articles is shown. The 377 
published articles in 2010 compared to 30 articles in 1990 shows 
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a 12-fold increase. A historiography of the articles that have been 
cited more than 60 times is shown in Fig. 2.

Citation profile of articles
In total, 3,259 articles related to breast reconstruction published 
since 1990 were cited 34,894 times. The average citations per 

paper (C/P) was 10.71. The H-index is based on the distribu-
tion of citations received by a given scientist/journal. A scien-
tist/journal has an index H if H of its Np papers have been cited 
at least H times each, and the other (Np−H) papershave been 
cited no more than H times each. In other words, a publishing 
source (scientist/journal) with an index of H has published H 
papers, each of which has been cited in other papers at least H 
times. Thus, the H-index reflects both the number of articles 
and the number of citations per article.

The H-index of all articles was 70,888 articles, among which 
3,259 remained uncited (27%). Thirty-nine articles (1.1%) were 
cited more than 100 times. Two articles had been cited more 
than 300 times. Table 1 shows the journals which published the 
articles that had been cited 100 or more times. Fig. 3 shows the 
trend of citations during the period (Supplemental Appendix 1).

Subject analysis and publisher of documents
The most common topics of papers were surgery (77.8%), on-
cology (15.8%), and obstetrics and gynecology (4%). Table 2 
shows the top journals with the largest number of documents 
on breast reconstruction. 

Fig. 2. Historiography of breast reconstruction literature

Historiography of the breast reconstruction literature regarding articles that had been cited more than 60 times. The circles represent papers. The 
size of the circle is relative to that paper’s citations. The number inside the circle is the article number. An arrow pointing from one article to the 
next, usually to an older paper, indicates the citational relationship between papers, that is, the arrowhead points to the article that was cited. 

Table 1. Journals in which highly cited articles (more than 100 citations) were published

 Name of journal No. of cited articles 5-Year impact factor Citations per paper

 New England Journal of Medicine   1 51.41 388
 Annals of Plastic Surgery   2 1.482 250.5
 Annals of Surgery   2 9.502 141
 British Journal of Plastic Surgery   5 140
 Cancer   1 5.551 132
 Journal of the National Cancer Institute   2 15.620 130
 Plastic and Reconstructive Surgery 22 3.158 122.45
 Journal of Plastic Reconstructive and Aesthetic Surgery   1 1.610 115
 European Journal of Cancer   1 4.388 103
 Annals of Surgical Oncology   1 4.443 102
 Surgery   1 3.793 100

Fig. 1. Time trend of number of articles 

Time trend of number of articles published in the field of breast recon- 
struction research (1990-2010).
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Geographical distribution
In general, 68 countries contributed to the promotion of the field 
of breast reconstruction by publishing articles. North Ameri-
can countries (the US, Canada, Mexico), with 1,496 articles 
(45.9%), are the main source of breast reconstruction studies. 
The United States, with 1,408 (43.2%) articles, is the most ac-

tive country in this field. Among European countries, the United 
Kingdom, with 354 (10.86%) articles, ranked first, followed 
by Germany. Among Asian countries, Japan, with 91 (2.79%), 
ranked first, followed by Turkey, with 55 (1.68%), and South 
Korea, with 45 (1.38%) articles (Table 3).

Language and author profiles of publications
Most breast reconstruction articles were in English (95.61%) 
followed by German (1.99%), French (1.9%), and Spanish (0.18 
%). In total, the articles were written in eight languages. Stephen 
Kroll, with 63 articles (1.93%), had the largest number of pub-
lications in the field of breast reconstruction. William Rosen 
from the University of Melbourne, with 56 articles (1.72%); 
Mark Ashton from the University of Melbourne, with 43 articles 
(1.32%); and Maurice Nahabedian, Georgetown University, 
with 39 articles (1.2%) had also published a large number of ar-
ticles in this field (Table 4). Most of the top ten universities and 
institutions in the list are from the United States. The first two 
of them are the University of Texas and Sloan Kettering Cancer 
Center with 137 (4.2%) and 72 (2.2%) articles respectively, and 
the third is Harvard University (Table 5).

Table 2. Top journals publishing articles in the field of breast reconstruction

 Name of journal Record count Percent (%) 5-year impact factor

 Plastic and Reconstructive Surgery 950 29.15 3.158
 Annals of Plastic Surgery 437 13.41 1.482
 Journal of Plastic Reconstructive and Aesthetic Surgery 162 4.97 1.610
 British Journal of Plastic Surgery 122 3.74 -
 Aesthetic Plastic Surgery   77  2.36 1.286
 Journal of Reconstructive Microsurgery   75 2.30 0.884
 Microsurgery   70 2.15 0.740
 Clinics in Plastic Surgery   67 2.06 1.255
 Annals of Surgical Oncology   52 1.60 4.443
 Scandinavian Journal of Plastic and Reconstructive Surgery and Hand Surgery   52 1.60 0.74 

Table 3. Geographical distribution of scientific production about breast reconstruction

 Name of country No. of articles  
(%)

Total  
citations

Total citations 
without  

self-citation

Average  
citations per  

article

Percent of  
self citations  

(%)

Prevalence of 
breast cancer  
(per 100,000 

females)

 United States 1,408 (43.20) 20,436 6,003 14.51 71 76
 United Kingdom 354 (10.86) 2,404 1,518 6.79 37 89.1
 Germany 158 (4.85) 1,149 920 7.27 20 81.8
 Italy 148 (4.54) 938 635 6.34 32 86.3
 France 122 (3.74) 936 645 7.67 31 99.7
 Australia 114 (3.50) 1,118 743 9.81 34 84.8
 Sweden 99 (3.04) 1,032 738 10.42 28 79.4
 Japan 91 (2.79) 792 641 8.7 19 42.7
 Canada 85 (2.61) 734 597 8.64 19 83.2
 Belgium 70 (2.15) 1,670 1,036 23.86 38 109.2

Fig. 3. Time-trend of citations of articles 

Time-trend of citations of articles about breast reconstruction between 
1990 and 2011. 
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DISCUSSION 

There was a trend toward an increasing number of articles on 
breast reconstruction despite temporary decreases at several 
points in time. Also, there was an accelerated growth pattern 
in the ratio of the number of citations to articles, proof of the 
increasing attraction of the medical community to the subject. 
As the mortality rate of women with breast cancer is decreasing 
[15,16] and the incidence is increasing, especially in the United 
States [15,17], there are more women with a disfigured breast 
due to mastectomy, and thus breast reconstruction surgery is 
considered a very important topic as it affects the lives of mil-
lions of women [18]. 

Regarding the historiography of the breast reconstruction field, 
4 important clusters of articles in the evolution of this field were 
found. 1: There is a cluster of articles (papers are identified by 
the numbers in the Citation Map and Supplemental Appendix 
1 [highlighted numbers: 240, 309, 380, and 501]) with the 
topic of introducing new autologous flaps during 1990-1996 
(the numbers in brackets are the number of articles in Fig. 2). 
In 1994, Allen and Treece [19] described the deep inferior epi-

gastric perforator (DIEP) flap for use in breast reconstruction 
[highlighted number: 240]. The transverse rectus abdominis 
myocutaneous (TRAM) flap and DIEP flap are the most popu-
lar flaps for use in breast reconstruction [4]. The TRAM flap 
was introduced by Holmstrom [20] for the first time in 1979. 
Allen and Tucker [21] proposed the superior gluteal artery per-
forator (SGAP) free flap in 1995 [highlighted number: 380]. 2: 
After 1996, controversy arose about the suitable choice for flap 
harvest, given the donor site benefits of the DIEP flap and the 
vascularity benefits of the TRAM flap [4]. The articles with this 
topic (576, 924, 933, 950, and 1,190) shaped the second cluster 
of articles between 1996 and 2002. Nahabedian et al. [22] finally 
developed a classification system based on the degree of muscle 
sparing (MS) of the rectus abdominis muscle, which made pos-
sible the comparison of donor site complications and functional 
outcomes between the groups (1,190) [4]. Among the methods 
they classified, both the MS-2 TRAM flap for breast reconstruc-
tion and the DIEP flap are widely used as primary choices for 
autologous breast reconstruction today [4]. 3: Within the same 
years, some articles with the topic of skin-sparing mastectomy 
(552, 561, 726, 827, 1,159, 1,161, and 1,329) also formed the 
third cluster. These papers introduced new methods of reduc-
tion of mastectomy scar length allowing for the transposition of 
incisions to sites that might have a better potential for healing 
and concealment [4]. 4: After 2006, flap preparation and tis-
sue harvest for autologous breast reconstruction have also been 
modified with the usage of computed tomography. Articles on 
this topic (1,779, 1,780) constituted the last cluster. However, 
an article about the use of Doppler flowmetry in the planning of 
perforator flaps written in 1998 could be considered the begin-
ning of this cluster (637).

Surgery was the most repeated subject in the publications 
because most of the articles introduce new techniques for this 
surgery and compare them [23]. Breast reconstruction offers 
women who have undergone mastectomy following breast can-

Table 4. Top ten authors with the largest number of articles

 Author Record count Percentage of  
6,407 articles (%) Country Institution

 Stephen Kroll 63 1.93 US The University of Texas
 Warren Rozen 56 1.72 Australia University of Melbourne
 Mark Ashton 43 1.32 Australia University of Melbourne
 Maurice Nahabedian 39 1.20 US Georgetown University
 Robert Allen 38 1.17 US Louisiana State University Health Sciences Center
 Geoffrey L Robb 38 1.17 US University of Texas
 Joseph Disa 34 1.04 US Memorial Sloan-Kettering Cancer Center
 Jean Petit 34 1.04 Italy European Institute of Oncology
 Peter Cordeiro 33 1.01 US Memorial Sloan-Kettering Cancer Center
 Marie Wickman 32 0.98 Sweden Karolinska University Hospital

Table 5. Top ten institutions to which breast reconstruction 
articles are affiliated

 Institution name Country Record 
count

Percent 
(%)

The University of Texas US 137 4.2
Sloan Kettering Cancer Center US   72 2.2
Harvard University US   71 2.2 
University of Melbourne Australia   59 1.8
University of Michigan US   49 1.5
Emory University US   44 1.4 
University of California, Los Angeles US   44 1.4 
Louisiana State University US   38 1.2 
Karolinska University Hospital Sweden   35 1.1 
Georgetown University US   34 1.0 
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cer some excellent options for creating a near-normal-appearing 
breast. Therefore, it has become a significant part of breast can-
cer management; this might be a reason why oncology is the 
second most popular topic in this field [1,4,24].

Nine out of ten of the top journals focus on plastic surgery, 
consistent with the topic of the articles [25]. Plastic and Recon-
structive Surgery with an impact factor of 3.1, alone included 
29% of the articles. It has also published about 60% of the highly 
cited articles. The Annals of Plastic Surgery, the only independent 
journal devoted to general plastic and reconstructive surgery, 
with an impact factor of 1.3, has published about 13.4% of the 
articles in this field. It also has the second highest rank in the 
number of citations per paper of highly cited articles. The Journal 
of Plastic Reconstructive and Aesthetic Surgery (JPRAS) is one of 
the world’s leading international journals, covering all the recon-
structive and aesthetic aspects of plastic surgery. JPRAS, with an 
impact factor of 1.508, ranked third with 162 articles (4.97%) in 
this field. Almost all of the highly cited articles were published 
in professional journals of surgery or cancer and just one highly 
cited article was published in a general journal.

We analyzed the subject of highly cited papers (Supplemental 
Appendix 1). Most of the highly cited papers are surgical reports 
discussing various aspects of flaps. Interestingly, few papers with 
the subject of quality of life and emotional outcome after breast 
reconstruction surgery were among the highly cited papers. 
Other subjects which were topics of few reports in the highly 
cited papers were the following: 2, radiation therapy and breast 
reconstruction surgery; 3, skin-sparing mastectomy; 4, physi-
ology of the abdominal wall after mastectomy; 5, immediate 
versus late breast reconstruction; and 6, free tissue transfer. No 
epidemiological, molecular, or basic science studies were among 
these highly cited articles. No report regarding the biomaterials 
of implants was included in these papers.

The United States produced the largest number of articles, with 
about half of all of the articles we analyzed. One possible reason 
is that the Women’s Health and Cancer Rights Act became fed-
eral law on January 1999, mandating health care payer coverage 
for post-mastectomy breast reconstruction and making this 
surgery widely available to those covered by health insurance, 
which might be a reason for the high volume of research on this 
type of surgery in the US [12]. The articles from the US also had 
the highest percentage of self-citation. In addition, most of the 
first authors were from the US. After the US, the United King-
dom, with a prevalence of 89.1; Germany, with 81.8; and Italy, 
with 86.3 per 100,000 females contributed to the research in this 
field. Belgium, with the highest prevalence of breast cancer of 
any country worldwide, had a very average number of citations 
per paper. English was the predominant language of articles on 

breast reconstruction, representing 95.6% of the total. Only 4.4% 
of the articles were not in English. The main reason is due to the 
widespread use of English as a language of scientific publication. 
It is also due to the fact that the United States and the United 
Kingdom were the predominant countries producing articles on 
breast reconstruction.

The top contributing universities or research institutions were 
the University of Texas, Memorial Sloan-Kettering Cancer Cen-
ter, and Harvard University from the US. 

This was the first breast reconstruction scientometric analysis, 
representing the papers’ characteristics and the trends of scien-
tific production in this field. The number of articles on breast 
reconstruction has increased in recent years, consistent with the 
number of citations. There were four clusters of articles in the 
development of breast reconstruction research and flaps were 
the subject of most of the highly cited papers.
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The authors have conducted a scientometric analysis of publica-
tions, breast reconstruction being the sole parameter based on a 
bibliographic search obtained from Institute for Scientific Infor-
mation. The results showed a constant increase in the number of 
papers, and in the citation rate reflecting a general trend toward 
an increase in interest in or the frequency of actual practice of 
this special field of medical science. 
 Of note is what has been described as the time categorized 
four main clusters of articles: autologous flaps (1990 to 1996), 
donor site benefit and vascularity of deep inferior epigastric per-
forator flaps (1996 to 2002), skin sparing mastectomy (2002), 
and computed tomography imaging in flap harvest (2006−). 
This finding not only guides the readers on the contemporary 
evolution of breast reconstruction, but also poses questions re-
garding the future with regards to the same frame of context.
 It is not surprising that the United States was the leading 
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publication source for this subject considering the large number 
of cases and the leading role it has played in the development of 
medical expertise in this field of plastic surgery. Upon consider-
ing such data, this discussant finds it curious that a comparative 
analysis of publications between Occidental and Oriental lit-
erature may show some chronological or content-related differ-
ences.
 I disagree with the author’s assumption that the technical 
aspect of surgery would draw higher publication rates since the 
trend has been such. It would be more rational to suppose that 
subjects addressed with less frequency may be advantageous for 
future publication. Actually such areas of opportunity for pub-
lication have been listed well in the author’s analysis on citation 
rates, where epidemiological-, molecular-, basic science-, and 
biomaterials-related topics showed the lowest citation rates. 
 In all, this article offers readers more insight and valuable 
information than could have been expected from glancing at the 
title. The authors’ ingenious effort is well congratulated.
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