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Abstract

Objective. To determine the 50 most cited articles in orthopedic cartilage surgery and their characteristics. Design. A
systematic review of the Science Citation Index Expanded was performed for articles related to cartilage surgery published
in the 66 journals under the category “Orthopedics.” The 50 most cited articles were determined, and the following
characteristics were analyzed for each article: authors, journal and year of publication, number of citations, geographic
origin, article type (basic science or clinical), article subtype by study design, and level of evidence. Citation density (total
number of citations/years since publication) was also computed. Results. The 50 most cited articles ranged from 989 to
172 citations, with citation density ranging from 71.5 to 4.1. The publication years spanned from 1968 to 2008, with the
2000s accounting for half (25) of the articles and the highest mean citation density (14.6). The 50 most cited articles were
published in |1 journals. The majority of the articles (29) were clinical, with level IV representing the most common level
of evidence (10). The remaining basic science articles were most commonly animal in vivo studies (14). Stronger level of
evidence was correlated with overall number of citations (P = 0.044), citation density (P < 0.001), and year of publication
(P = 0.003). Conclusions. Articles with stronger levels of evidence are more highly cited, with an increasing trend as
evidence-based practice has been emphasized. This article list provides clinicians, researchers, and trainees with a group of
“citation classics” in orthopedic cartilage surgery.
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surgery, there have been numerous reports identifying the
most referenced articles across a variety of orthopedic sub-
specialties and subject areas, including shoulder,'* hand,"*"*
foot and ankle," arthroscopic surgery,'® elbow,'” hip and
knee arthroplasty,'® pediatric orthopedics,'® and trauma sur-
gery.”® In seeking these “citation classics,” others have
reported bibliometric analyses on the top cited orthopedic
articles from individual journals®'** and geographic ori-
gins.” In all instances, these reviews provide a frame of

Introduction

Orthopedic surgery is approaching an exciting transitional
period as advances in the understanding of musculoskeletal
basic science and technology translate into novel techniques
and interventions. Cartilage surgery, in particular, has ben-
efited from research efforts as knowledge regarding tradi-
tional methods in cartilage repair and restoration have
resulted in significant innovation that has led to rapid devel-
opment of new surgical techniques.'™ Within the orthope-
dics community, there has been a recent effort to chronicle

these efforts, both for historical purposes among research-
ers and for the education of trainees in standardized reading
curricula.

Within academic medicine, the number of times an arti-
cle is cited by other authors has been widely considered to be
areliable indicator of its academic merit and influence within
a subject area.”” Indeed, metrics of research productivity and
merit such as the h-index for authors and the impact factor for
journals are computed using the number of citations associ-
ated with the journals that they publish.'® Since Lefaivre
et al."" determined the 100 most cited articles in orthopedic
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reference for the quality of research and evolution of prac-
tice, controversy, and research goals within their respective
fields.

The purpose of this study was to determine the 50 most
cited articles in orthopedic cartilage surgery and the charac-
teristics that make them important to practitioners and
researchers within the field. To do this, we used data from
the Thomson Reuters Web of Science citation indexing ser-
vice to perform a comprehensive, systematic citation search
of all orthopedic-specific publications journal by journal.
Given the nature of the field, we hypothesized that a signifi-
cant proportion of observed citations would be basic sci-
ence studies. Additionally, given the recent emergence of
popular cartilage repair/restoration techniques, we believed
the majority of top citations would be composed of modern
studies from the past few decades.

Methods

As of August 2014, the Thomson Reuters Science Citation
Index Expanded (formerly known as the Institute for
Scientific Information Science Citation Index) listed 66
journals under the subject category selection of “Orthopedics.”
This search engine provides a systematic, objective means to
critically evaluate the leading scientific literature with cita-
tion data. The identified journals (Table 1) range from gen-
eral and subspecialty-specific clinical journals to basic
science journals both directly and peripherally related to the
practice of orthopedic surgery. In September 2014, we que-
ried each of the 66 journals individually using the Web of
Science “Cited Reference Search” to list published articles
in order of greatest to least number of citations. For each
journal, the titles and abstracts of each of these articles were
reviewed to identify the articles that were related to carti-
lage surgery with the most citations. This list was combined
for all journals to determine a list of the top 50 cited articles
in cartilage surgery.

Following the methods of Lefaivre ef al."' and Namdari
et al.,”” each article in the 50 most cited articles was
reviewed and the following information was recorded:
authors, journal of publication, year of publication, number
of citations, geographic origin of (primary) author, and arti-
cle type (basic science article or clinical research article).
For basic science articles, articles were subtyped as one of
the following: (1) biomechanics, (2) anatomic, (3) in vitro,
(4) animal in vivo, or (5) review article. For clinical articles,
articles were subtyped as one of the following: (1) random-
ized controlled trial, (2) nonrandomized controlled trial, (3)
cohort study, (4) case-control study, (5) case series, (6) case
report, (7) review article, or (8) expert opinion. For each
clinical article, the level of evidence was determined inde-
pendently by 2 authors (S.L.S. and K.J.J.) based on guide-
lines published by The Journal of Bone and Joint Surgery,
American volume.”® Using previous methods, each article

was also categorized as either (1) methodologic, defined as
introducing or testing a new classification/scoring system
or surgical technique or (2) nonmethodologic. For each
article, the citation density (defined as the total number of
citations/years since publication) was also computed.

Comparison of means between groups (methodologic
vs. nonmethodologic) was performed using the independent
samples t test. Inter-rater agreement for categorical items
(level of evidence) was determined using Cohen’s kappa
coefficient. Spearman’s rank correlation coefficient (p) was
used to assess correlation between ordinal and continuous
variables (e.g., level of evidence by citation count, citation
density, year of publication). All statistical analyses were
performed using SPSS 21 software (IBM Corp., Armonk,
NY). Statistical significance was defined as P < 0.05.

Results

The top 50 most cited articles were identified and spanned
from 989 to 172 citations (Table 2). The citation density
ranged from 71.5 to 4.1. The publication years of the most
cited articles ranged from 1968 to 2008, with the 2000s
accounting for the most articles (25). Only 3 articles were
published before 1980 (Fig. 1). Among all decades, the
1980s had the highest mean number of citations (387) while
the 2000s had the highest mean citation density (30.8) (Fig.
2). The articles were published in 11 of the 66 general and
subspecialty journals in the query, with the Journal of Bone
and Joint Surgery, American volume (n = 21) accounting
for the most citations (Table 3).

Though all the articles were published in the English lan-
guage, they originated from 12 countries. The number of
articles by country of origin was led by the United States (n
= 17), followed by Sweden (n = 6), Canada (n = 5), the
United Kingdom (n = 5), Germany (n = 3), Hungary (n = 3),
and Japan (n=13). The Netherlands, Norway, and Switzerland
each contributed 2 articles, while Italy and Lithuania each
contributed one article to the list. The top primary authors
were M. Brittberg, L. Hangody, and L. Peterson, as each
contributed 3 articles to the list as primary authors. G.
Knutsen, S.W. O’Driscoll, R.S. Sellers, J.R. Steadman, and
S. Wakitani each also contributed 2 articles to the list as first
authors. The most cited author overall was M. Brittberg, as
he was a contributing author to 7 articles overall. The pri-
mary author of the top article on this list (S. Wakitani) con-
tributed to 5 articles overall.

Of the top 50 articles, the number of clinical articles
(n = 29) was greater than basic science articles (n = 21)
(Table 4). Among the top clinical articles, case-control stud-
ies (n =9) and randomized controlled trials (n = 7) were the
most common study design. Animal in vivo studies (n = 14)
were the most frequent among the top basic science articles.
Among the most cited articles, 6 were methodologic in
that they proposed a new classification/scoring system or
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Table I. List of 66 Considered Journals Under the Topic
Heading “Orthopedics” on Web of Science.

Journal

Acta Chirurgiae Orthopedicae et Traumatologiae Cechoslovaca
Acta Orthopaedica

Acta Orthopaedica Belgica

Acta Orthopaedica et Traumatologica Turcica

Acta Ortopédica Brasileira

American Journal of Sports Medicine

Archives of Orthopaedic and Trauma Surgery
Arthroscopy: The Journal of Arthroscopic and Related Surgery
BMC Musculoskeletal Disorders

Bone & Joint Journal

Brazilian Journal of Physical Therapy

Chirurgie de la Main

Clinical Biomechanics

Clinical Journal of Sports Medicine

Clinical Orthopaedics and Related Research

Clinics in Podiatric Medicine and Surgery

Connective Tissue Research

Eklem Hastaliklari ve Cerrabhisi: Joint Diseases and Related Surgery
European Spine Journal

Foot & Ankle International

Foot and Ankle Clinics

Gait & Posture

Hand Clinics

Hip International

Indian Journal of Orthopaedics

Injury: International Journal of the Care of the Injured
International Journal of Shoulder Surgery
International Orthopaedics

Isokinetics and Exercise Science

Journal of Arthroplasty

Journal of Back and Musculoskeletal Rehabilitation
Journal of Bone and jJoint Surgery: American Volume
Journal of Foot & Ankle Surgery

Journal of Foot and Ankle Research

Journal of Hand Surgery: American Volume

Journal of Hand Surgery: European Volume

Journal of Hand Therapy

Journal of Orthopaedic & Sports Physical Therapy
Journal of Orthopaedic Research

Journal of Orthopaedic Science

Journal of Orthopaedic Surgery and Research
Journal of Orthopaedic Trauma

Journal of Pediatric Orthopaedics

Journal of Pediatric Orthopaedics Part B

Journal of Physiotherapy

Journal of Plastic Surgery and Hand Surgery

Journal of Shoulder and Elbow Surgery

Journal of Spinal Disorders & Techniques

Journal of the American Academy of Orthopaedic Surgeons
Journal of the American Podiatric Medical Association
Knee

(continued)

Table I. (continued)

Journal

Knee Surgery Sports Traumatology Arthroscopy
Operative Orthopddie und Traumatologie
Orthopdde

Orthopaedic Clinics of North America
Orthopaedic Nursing

Orthopaedics & Traumatology: Surgery & Research
Orthopedics

Osteoarthritis and Cartilage

Physical Therapy

Physician and Sportsmedicine

Prosthetics and Orthotics International

Spine

Spine Journal

Sportverletzung-Sportschaden

Zeitschift fiir Orthopddie und Ullfallchirurgie

technique. There was no statistically significant difference
in the number of citations (378 vs. 317 citations, P = 0.443)
or citation density (24.2 vs. 22.5 per year, P = 0.792)
between methodologic and nonmethodologic articles,
respectively. For the 29 clinical articles, the level of evi-
dence was determined by 2 independent reviewers who had
perfect agreement (k = 1). The most common level of evi-
dence was IV, with 10 of the 29 clinical articles falling in
this category (Fig. 3). The level of evidence was signifi-
cantly correlated with the overall number of citations (p =
—0.262, P=0.044), citation density (p =—0.627, P <0.001),
and year of publication (p = —0.536, P = 0.003). That is, a
lower level of evidence (i.e., greater strength of evidence) is
correlated with a greater number of citations and citation
density, as well as with articles published more recently.

Discussion

In medical literature, the number of times an article is cited
by other authors is often used as an indicator of influence
within a field for authors, journals, and topics of study
alike.” This list of the top 50 most cited articles in orthope-
dic cartilage surgery provides seminal papers in the field for
historical purposes, identifying authors and topics that have
had profound influence on the progression of the field in the
past 50 years. The articles within this list can help chronicle
the evolution of standard practice and controversies as a
guide for future research study and clinical practice. They
may also be used in the development of reference lists used
for resident and fellowship training.

By analyzing the characteristics of these landmark articles,
we sought to determine the characteristics that make these works
important to peers within the field. Here, we found that the
2000s, as a decade, accounted for half of the articles within the
top 50 (Fig. 1) and had the greatest citation density (Fig. 2).
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Table 2. Top 50 Most Cited Cartilage-Specific Articles.

No. of Citations

Rank Article (Citation Density”)

| Wakitani S, Goto T, Pineda §J, Young RG, Mansour JM, Caplan Al, et al. Mesenchymal cell-based repair 989 (49.5)
of large, full-thickness defects of articular cartilage. ] Bone Joint Surg Am. 1994;76(4):579-92

2 Hunziker EB. Articular cartilage repair: basic science and clinical progress. A review of the current status 858 (71.5)
and prospects. Osteoarthritis Cartilage. 2002;10(6):432-63. doi:10.1053/joca.2002.0801

3 Peterson L, Minas T, Brittberg M, Nilsson A, Sjégren-Jansson E, Lindahl A. Two- to 9-year outcome 745 (53.2)
after autologous chondrocyte transplantation of the knee. Clin Orthop Relat Res. 2000;(374):212-34

4 Shapiro F, Koide S, Glimcher MJ. Cell origin and differentiation in the repair of full-thickness defects of 705 (33.6)
articular cartilage. ] Bone Joint Surg Am. 1993;75(4):532-53.

5 Salter RB, Simmonds DF, Malcolm BW, Rumble EJ, MacMichael D, Clements ND. The biological 588 (17.3)

effect of continuous passive motion on the healing of full-thickness defects in articular cartilage. An
experimental investigation in the rabbit. ] Bone Joint Surg Am. 1980;62(8):1232-51

6 Knutsen G, Engebretsen L, Ludvigsen TC, Drogset JO, Grgntvedt T, Solheim E, et al. Autologous 547 (54.7)
chondrocyte implantation compared with microfracture in the knee. A randomized trial. | Bone Joint
Surg Am. 2004;86-A(3):455-64

7 Bentley G, Biant LC, Carrington RW, Akmal M, Goldberg A, Williams AM, et al. A prospective, 473 (43)
randomised comparison of autologous chondrocyte implantation versus mosaicplasty for
osteochondral defects in the knee. | Bone Joint Surg Br. 2003;85(2):223-30

8 Peterson L, Brittberg M, Kiviranta |, Akerlund EL, Lindahl A. Autologous chondrocyte transplantation. 433 (36.1)
Biomechanics and long-term durability. Am ] Sports Med. 2002;30(1):2-12
9 Grande DA, Pitman M|, Peterson L, Menche D, Klein M. The repair of experimentally produced defects 413 (16.5)

in rabbit articular cartilage by autologous chondrocyte transplantation. ] Orthop Res. 1989;7(2):208-
18. doi:10.1002/jor. 1100070208

10 Hangody L, Fiiles P. Autologous osteochondral mosaicplasty for the treatment of full-thickness defects 407 (37.0)
of weight-bearing joints: ten years of experimental and clinical experience. | Bone Joint Surg Am.
2003;85-A(Suppl 2):25-32

I Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R. Autologous chondrocyte implantation and 398 (36.2)
osteochondral cylinder transplantation in cartilage repair of the knee joint. A prospective, comparative
trial. ] Bone Joint Surg Am. 2003;85-A(2):185-92

12 Steadman JR, Briggs KK, Rodrigo JJ, Kocher MS, Gill T}, Rodkey WG. Outcomes of microfracture for 397 (36.1)
traumatic chondral defects of the knee: average | |-year follow-up. Arthroscopy. 2003;19(5):477-84.
doi:10.1053/jars.2003.501 12

13 Wakitani S, Kimura T, Hirooka A, Ochi T, Yoneda M, Yasui N, et al. Repair of rabbit articular surfaces 364 (14.6)
with allograft chondrocytes embedded in collagen gel. ] Bone Joint Surg Br. 1989;71(1):74-80
14 O’Driscoll SW, Keeley FW, Salter RB. Durability of regenerated articular cartilage produced by free 361 (13.9)

autogenous periosteal grafts in major full-thickness defects in joint surfaces under the influence of
continuous passive motion. A follow-up report at one year. ] Bone Joint Surg Am. 1988;70(4):595-606

I5 Mitchell N, Shepard N. The resurfacing of adult rabbit articular cartilage by multiple perforations 337 (8.9)
through the subchondral bone. | Bone Joint Surg Am. 1976;58(2):230-3
16 O’Driscoll SW, Keeley FW, Salter RB. The chondrogenic potential of free autogenous periosteal 324 (11.6)

grafts for biological resurfacing of major full-thickness defects in joint surfaces under the influence
of continuous passive motion. An experimental investigation in the rabbit. | Bone Joint Surg Am.
1986;68(7):1017-35
17 Knutsen G, Drogset JO, Engebretsen L, Grentvedt T, Isaksen V, Ludvigsen TC, et al. A randomized trial 319 (45.6)
comparing autologous chondrocyte implantation with microfracture. Findings at five years. | Bone Joint
Surg Am. 2007;89(10):2105-12

18° Minas T, Nehrer S. Current concepts in the treatment of articular cartilage defects. Orthopedics. 315 (18.5)
1997;20(6):525-38

18° Brittberg M, Nilsson A, Lindahl A, Ohlsson C, Peterson L. Rabbit articular cartilage defects treated with 315 (17.5)
autologous cultured chondrocytes. Clin Orthop Relat Res. 1996;(326):270-83

20 Caplan Al, Elyaderani M, Mochizuki Y, Wakitani S, Goldberg VM. Principles of cartilage repair and 308 (18.1)
regeneration. Clin Orthop Relat Res. 1997;(342):254-69

21 Peterson L, Minas T, Brittberg M, Lindahl A. Treatment of osteochondritis dissecans of the knee 297 (27.0)

with autologous chondrocyte transplantation: results at two to ten years. ] Bone Joint Surg Am.
2003;85-A(Suppl 2):17-24.

(continued)
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Table 2. (continued)

No. of Citations

Rank Article (Citation Density”)

22 Bartlett W, Skinner JA, Gooding CR, Carrington RWV, Flanagan AM, Briggs TW, et al. Autologous 294 (32.7)
chondrocyte implantation versus matrix-induced autologous chondrocyte implantation for
osteochondral defects of the knee: a prospective, randomised study. ] Bone Joint Surg Br.
2005;87(5):640-5

23 Brittberg M, Winalski CS. Evaluation of cartilage injuries and repair. | Bone Joint Surg Am. 279 (25.4)
2003;85-A(Suppl 2):58-69

24 Furukawa T, Eyre DR, Koide S, Glimcher MJ. Biochemical studies on repair cartilage resurfacing 272 (8.0)
experimental defects in the rabbit knee. ] Bone Joint Surg Am. 1980;62(1):79-89

25 Hangody L, Kish G, Karpati Z, Udvarhelyi |, Szigeti |, Bély M. Mosaicplasty for the treatment of articular 263 (16.4)
cartilage defects: application in clinical practice. Orthopedics. 1998;21(7):751-756.

26 Sellers RS, Peluso D, Morris EA. The effect of recombinant human bone morphogenetic protein-2 258 (15.2)
(rhBMP-2) on the healing of full-thickness defects of articular cartilage. ] Bone Joint Surg Am.
1997;79(10):1452-63

27 Matsusue Y, Yamamuro T, Hama H. Arthroscopic multiple osteochondral transplantation to the 254 (12.1)
chondral defect in the knee associated with anterior cruciate ligament disruption. Arthroscopy.
1993;9(3):318-21

28° Homminga N, Bulstra K, Bouwmeester SM. Perichondrial grafting for cartilage lesions of the knee. | 241 (10.0)
Bone Joint Surg Br. 1990;72(6):1003e7

28° Bobi¢ V. Arthroscopic osteochondral autograft transplantation in anterior cruciate ligament 241 (13.4)
reconstruction: a preliminary clinical study. Knee Surg Sports Traumatol Arthrosc. 1996;3(4):262-4

28" Hangody L, Kish G, Karpati Z, Szerb |, Udvarhelyi I. Arthroscopic autogenous osteochondral 241 (14.2)
mosaicplasty for the treatment of femoral condylar articular defects. A preliminary report. Knee Surg
Sports Traumatol Arthrosc. 1997;5(4):262-7

31 Marcacci M, Berruto M, Brocchetta D, Delcogliano A, Ghinelli D, Gobbi A, et al. Articular cartilage 236 (26.2)
engineering with Hyalograft C: 3-year clinical results. Clin Orthop Relat Res. 2005;(435):96-105

32 Breinan HA, Minas T, Hsu HP, Nehrer S, Sledge CB, Spector M. Effect of cultured autologous 231 (13.6)
chondrocytes on repair of chondral defects in a canine model. | Bone Joint Surg Am.
1997;79(10):1439-51

33 Mithoefer K, Williams R] 3rd, Warren RF, Potter HG, Spock CR, Jones EC, et al. The microfracture 229 (28.6)
technique for the treatment of articular cartilage lesions in the knee. A prospective cohort study. |
Bone Joint Surg Am. 2005;87(9):1911-20

34 Saris DB, Vanlauwe ], Victor ], Haspl M, Bohnsack M, Fortems Y, et al. Characterized chondrocyte 225 (37.5)
implantation results in better structural repair when treating symptomatic cartilage defects of the knee
in a randomized controlled trial versus microfracture. Am ] Sports Med. 2008;36(2):235-46

35 Brittberg M, Peterson L, Sjogren-Jansson E, Tallheden T, Lindahl A. Articular cartilage engineering with 208 (18.9)
autologous chondrocyte transplantation. A review of recent developments. ] Bone Joint Surg Am.
2003;85-A(Suppl 3):109-15

36° Ochi M, Uchio Y, Kawasaki K, Wakitani S, Iwasa J. Transplantation of cartilage-like tissue made by tissue 205 (17.1)
engineering in the treatment of cartilage defects of the knee. ] Bone Joint Surg Br. 2002;84(4):571-8

36° Buckwalter JA. Articular cartilage injuries. Clin Orthop Relat Res. 2002;(402):21-37 205 (17.1)

38 Newman AP. Articular cartilage repair. Am J Sports Med. 1998;26(2):309-24 203 (12.7)

39° Hendrickson DA, Nixon A, Grande DA, Todhunter R}, Minor RM, Erb H, et al. Chondrocyte-fibrin 202 (10.1)
matrix transplants for resurfacing extensive articular cartilage defects. | Orthop Res. 1994;12(4):
485-97

39° Repo RU, Finlay JB. Survival of articular cartilage after controlled impact. | Bone Joint Surg Am. 202 (5.5)
1977;59(8):1068-76

41 Steadman JR, Rodkey WG, Rodrigo JJ. Microfracture: surgical technique and rehabilitation to treat 199 (15.3)
chondral defects. Clin Orthop Relat Res. 2001;(391 Suppl):S362-9

42 Mainil-Varlet P, Aigner T, Brittberg M, Bullough P, Hollander A, Hunziker E, et al. Histological 195 (17.7)
assessment of cartilage repair: a report by the Histology Endpoint Committee of the International
Cartilage Repair Society (ICRS). | Bone Joint Surg Am. 2003;85-A(Suppl 2):45-57

43 Kim HK, Moran ME, Salter RB. The potential for regeneration of articular cartilage in defects created by 192 (8.3)

chondral shaving and subchondral abrasion. An experimental investigation in rabbits. ] Bone Joint Surg
Am. 1991;73(9):1301-15

(continued)
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Table 2. (continued)

No. of Citations

Rank Article (Citation Density?®)

44 Chesterman PJ, Smith AU. Homotransplantation of articular cartilage and isolated chondrocytes. An 190 (4.1)
experimental study in rabbits. | Bone Joint Surg Br. 1968;50(1):184-97

45 Behrens P, Bitter T, Kurz B, Russlies M. Matrix-associated autologous chondrocyte transplantation/ 185 (23.1)
implantation (MACT/MACI)—5-year follow-up. Knee. 2006;13(3):194-202

46° Sellers RS, Zhang R, Glasson SS, Kim HD, Peluso D, D’Augusta DA, et al. Repair of articular cartilage 182 (13.0)
defects one year after treatment with recombinant human bone morphogenetic protein-2 (rhBMP-2). |
Bone Joint Surg Am. 2000;82(2):151-60

46° Gudas R, Kalesinskas RJ, Kimtys V, Stankevicius E, Toliusis V, Bernotavicius G, et al. A prospective 182 (20.2)
randomized clinical study of mosaic osteochondral autologous transplantation versus microfracture
for the treatment of osteochondral defects in the knee joint in young athletes. Arthroscopy.
2005;21(9):1066-75

48 Kreuz PC, Steinwachs MR, Erggelet C, Krause §J, Konrad G, Uhl M, et al. Results after microfracture 178 (22.3)
of full-thickness chondral defects in different compartments in the knee. Osteoarthritis Cartilage.
2006;14(11):1119-25

49 Micheli L), Browne JE, Erggelet C, Fu F, Mandelbaum B, Moseley JB, et al. Autologous chondrocyte 174 (13.4)
implantation of the knee: multicenter experience and minimum 3-year follow-up. Clin ] Sport Med.
2001;11(4):223-8

50 Convery FR, Akeson WH, Keown GH. The repair of large osteochondral defects. An experimental 172 (4.1)

study in horses. Clin Orthop Relat Res. 1972;82:253-62

*Citation density = total number of citations/years since publication.
*Two or more citations tied for same rank.

07T Number of Articles in Top 50 by Decade
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Figure I. Number of articles in the top 50 by decade of
publication.

This observation is in contrast to the hand, shoulder, and
arthroscopic surgery literature where the most cited articles
were predominantly from the 1980s and 1990s. This finding
reflects the relatively recent emergence and refinement of
cartilage repair techniques such as autologous chondrocyte
implantation (ACI) and osteoarticular transfer system
(OATS), which were the focus of multiple articles in our
list.”” It is also impressive in light of the fact that time pro-
vides an innate advantage in terms of overall number of
citations, which was the primary inclusion criteria for this
query. It is likely that an even greater proportion of the top

articles would have been published after 2000 had citation
density, which normalizes for publication time, been used
as the primary search criteria. Furthermore, this may reflect
the delayed impact of cartilage basic science and transla-
tional research, which we found to be more frequently cited
in this study than in other subspecialties. Indeed, 21 of the
top 50 articles (42%) were basic science articles compared
with just 16% to 27% in major subspecialties such as shoul-
der, elbow, arthroscopy, and hand.'>"*'®'” These were pre-
dominantly animal in vivo studies that served as models for
pilot investigations and refinement of surgical techniques.
This finding may reflect the importance of incremental test-
ing in the laboratory prior to clinical application. Similarly,
42% of osteoporosis and 46% of anterior cruciate ligament
citation classics were basic science works.”™* We also
found that the most cited articles among peers came from a
small cohort of reputable journals in the orthopedics litera-
ture. Of the 11 general and subspecialty journals that were
responsible for the most cited works (Table 3), 10 are in the
top quartile of journal rankings by the SCImago Journal &
Country Rank under the category of “Orthopedics and
Sports Medicine.” The Journal of Bone and Joint Surgery,
American volume, which was the publisher for 21 out of the
50 articles, had the highest official impact factor in 2014
(5.280) of the 66 queried journals (Thomson Reuters
Journal Citation Reports, www.impact-factor.org).

The level of evidence analysis performed in this review
also yielded interesting results, particularly in light of the
level of evidence gap perceived by some experts within the
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Figure 2. Mean total number of citations and citation density of top 50 articles by decade of publication.

Table 3. Number of Articles on Top 50 List by Source Journal.

No. of

Journal Articles

Journal of Bone and Joint Surgery: American Volume 21
Clinical Orthopaedics and Related Research 7
Bone & Joint Journal

American Journal of Sports Medicine
Arthroscopy: The Journal of Arthroscopic and
Related Surgery

Journal of Orthopaedic Research

Knee Surgery Sports Traumatology Arthroscopy
Orthopedics

Osteoarthritis and Cartilage

Clinical Journal of Sports Medicine

Knee

w w o

— = NNDNDNDN

orthopedic research community.”” Although level of evi-
dence IV was the most common among clinical studies,
there was a greater proportion of level I/II studies (13 of 29
studies) compared with previous studies for both subspecialty
and general orthopedics (Fig. 3).""'>'""° This sizeable num-
ber of randomized controlled trials and prospective cohort
studies reflects the increasing emphasis on evidence-based
practice across all medical disciplines in recent years since the
concept was introduced and popularized in the 1990s.*' Indeed,
this study found that there was a statistically significant

Table 4. Articles Classified by Study Type.

Study Type No. of Articles

Clinical articles (n = 29)
Randomized controlled trial
Nonrandomized controlled trial
Cohort study
Case-control study
Case series
Case report
Review article
Expert opinion

Basic science articles (n = 21)
Animal in vivo
Biomechanics
Anatomic
In vitro
Review article

— U1 — 0V O 0 O N

N O — M N

increase in the quality of evidence with transition into the
modern era after the 1990s and 2000s (P = 0.003).
Furthermore, we observed that a lower level of evidence
(e.g., greater strength of evidence) was correlated with a
greater overall number of citations (P = 0.044) and citation
density (P = 0.003), which demonstrates the importance of
quality research findings among citing peers within the
field. We anticipate that this emphasis on evidence-based
practice will continue to have a delayed effect on the most
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Figure 3. Number of clinical articles within the top 50 by level of evidence.

cited cartilage literature, which will manifest as studies with
higher strength of evidence on such bibliometric analyses in
the future.

Overall, we found a strong widespread presence in carti-
lage-related research. While the United States had the great-
est contribution in the overwhelming majority of other
bibliometric analyses in orthopedic subspecialties,''"'#22*
this study found that only 17 of the top 50 articles (34%) had
corresponding authors from the United States, with Sweden,
Canada, the United Kingdom, and other countries contribut-
ing articles to the most-cited list. Among all authors, the most
frequently cited were M. Brittberg (Sweden), L. Hangody
(Hungary), and L. Peterson (Sweden). This highlights the
influence of international researchers and clinicians whose
contributions have been monumental in the evolution of car-
tilage surgery from both the fundamental understanding and
clinical management of disease processes. It also reinforces
the importance of international discovery and collaboration,
which was been the subject of several bibliometric stud-
ies.” Finally, the stringent regulatory environment and cost
of randomized clinical studies in the United States may
potentially explain why these studies are more likely to
originate from abroad.**>*

This citation analysis study has a number of limitations
that require consideration. First, a query for 50 articles, as
within any other number, is arbitrary. Previous orthopedic
bibliometric analyses have determined lists that range in
size from the top 20 to the top 100.''!%1%2122 Baged on
these studies, we chose to determine the top 50 because it
represents a reasonable number of articles for analysis
based on the size of the overall literature within the subspe-
cialty. Second, the query reviewed a subset of 66 journals
under the category of Thomson Reuters Science Citation

Index Expanded, a search protocol that was initially intro-
duced by Lefaivre et al.'" in their analysis of the most cited
articles in orthopedic surgery and has since been replicated
in all the aforementioned citation analyses. It is conceivable
that other highly cited and influential works related to carti-
lage surgery may be published in general medical or basic
research journals that were not indexed using this search
engine and thus would be appropriately identified using the
study design.'®*® This is particularly important in a field
where basic science and translational research, which may
be published in journals not exclusively associated with
orthopedics, has such a profound impact. Similarly, we are
unable to account for citations in textbooks, lectures, or
other non—peer-reviewed literature. Next, we recognize the
inherent limitation of citations to reflect influence and
impact within a field. The most cited works identified in
this list and others do not necessarily represent the best clin-
ical or basic science. Citations are inherently susceptible to
sources of bias such as self-citation, language of publica-
tion, and timing of publication. While this is partially
accounted for by our analysis of citation density, the top 50
list was determined using total citation number as the pri-
mary metric, and other more recently published articles that
may have a higher citation density, and thus have greater
influence, could be excluded as a result of this disadvan-
tage. We also recognize that in the scientific community
there is a tendency to adhere to paradigm via a “snowball
effect” whereby authors are more likely to cite articles
because of previous citations by authors rather than inde-
pendently analyzing it or other primary literature for con-
tent and quality.”> As such, we acknowledge that this study
potentially excludes other influential articles that would
belong in a historical or teaching curriculum on cartilage
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surgery, and recommend the judicious use of works from
other journal publications, textbooks, instructional course
lectures, and academic venues for historical and training
purposes.

In conclusion, we present the top 50 articles in the sub-
specialty of orthopedic cartilage surgery by the total num-
ber of citations. Our analysis found that the greatest number
of these articles were published after 2000 and were clinical
articles. While the United States accounted for the most works
in the list, there was a strong international presence with the
most cited authors originating from Sweden and Hungary.
Clinical articles were predominantly level of evidence 1V,
though randomized controlled trials and prospective cohort
studies were well represented. Basic science articles accounted
for a sizeable portion, and were predominantly animal in vivo
studies. There was a significant correlation between level of
evidence and year of publication, which underscores the
increasing emphasis on evidence-based practice in recent
years. The publications presented in this article provide clini-
cians, researchers, and trainees alike with a group of “citation
classics” in the subspecialty of orthopedic cartilage surgery.
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