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Background: The development of Achilles tendon treatment modalities has been rapid, and it is increasingly difficult for clinicians
to stay up to date with the most influential studies in this field. In order to fully understand the current state of the literature regarding
Achilles tendon injury, it is invaluable to be familiar with the foundational articles and studies upon which the field is built.

Purpose: To objectively determine the 50 most frequently cited studies in Achilles tendon pathology and to conduct a bibliometric
analysis.

Study Design: Cross-sectional study.

Methods: The Clarivate Analytics Web of Knowledge database was used to gather data and metrics of Achilles tendon research.
The 50 most cited articles were selected for analysis from an initial 17,244 identified articles. The information extracted for each
article included author name, publication year, country of origin, journal name, study type, and level of evidence.

Results: For these 50 studies, the total number of citations was calculated to be 13,159, with a mean of 263.2 citations per paper.
The most cited article collected 657 citations. The publication dates of the 50 studies included in this analysis spanned 41 years
(1972-2013). The largest number of articles were published by Swedish authors (n = 14); however, many other countries were
represented, including Canada and Finland (n = 6 articles each). The most prevalent study designs were cohort studies (n = 13)
with level 4 evidence studies being the most common (n = 14).

Conclusion: Among the 50 most influential articles in Achilles tendon pathology, the study designs most commonly used were
cohort studies and review articles. Sweden was the country of origin for the most studies included on this list, which reflects this

country’s interest and commitment to researching Achilles tendon injuries and treatments.
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The Achilles tendon is the primary plantarflexor of the foot
and is formed by the confluence of 2 muscles in the lower
leg, the gastrocnemius and the soleus. Achilles tendon
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ruptures and other pathologies are common musculoskele-
tal injuries, particularly in active and athletic indivi-
duals.’®?° The treatment of Achilles tendon injuries has
seen many changes and innovations over the past several
centuries. The initial description of Achilles tendon rup-
tures dates all the way back to 1575 with Ambrose-Pare
describing his treatment, which consisted of bandages and
a rigid strapping technique.?” However, it was not until the
early 20th century when surgical management of Achilles
tendon ruptures became the recommended treatment
option. Surgeons such as Abrahamsen, Quenu, and
Stoianovitch were among the earliest pioneers of surgical
Achilles tendon rupture repair and reported the first posi-
tive outcomes associated with surgical management.2®
Currently, there is no universally accepted treatment for
Achilles tendon injuries; many options, both operative and
nonoperative, exist. Additionally, the state of the Achilles
tendon injury literature has rapidly advanced over the past
several decades with new studies regarding rehabilitation
protocols, surgical technique, stem cell treatment, platelet-
rich plasma potential, mechanisms of injury, and updated
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epidemiology being released daily.?11:16:33:36:45 With this
rapid expansion of the Achilles tendon pathology literature,
it has become increasingly difficult for medical profes-
sionals and learners to stay up to date with the most
impactful articles in this field.

Citation analyses are an effective method that can objec-
tively determine the degree of impact a grouping of articles
has had on a particular field or subject of interest.’1%1527
The number of citations an article has collected over its
publication life is a valuable metric that reflects the influ-
ence it has had in its subject area.! Moreover, it is of value
to readers less familiar with a body of work to understand
common characteristics of the mot cited pieces of research
on a certain topic. Items such as author name, country of
origin, level of evidence, and study type provide unfamiliar
readers with a better understanding about the state of the
literature, its major contributors, and potential future
directions.

Within the field of orthopaedic surgery, there have been
numerous bibliometric analyses with the goal of collecting
and characterizing the most impactful studies in the field.
Analyses in the fields of arthroscopy,”2%3% arthroplasty,'”
pediatric orthopaedics,* knee surgery,? concussion,?® and
hand surgery®® have all been performed. Additionally,
Lefaivre et al?! performed a bibliometric analysis for the
top 100 most cited studies in all of orthopaedics; however,
no studies pertaining to Achilles tendon injuries were
included. Therefore, the purpose of this study was to objec-
tively determine the 50 most frequently cited studies in
Achilles tendon pathology and to analyze them with a bib-
liometric analysis. We hypothesized that publication year
would have a substantial impact on the total number of
citations that a given article was able to accumulate. In
addition, given the extensive history of Achilles tendon
treatments, we hypothesized that the top 50 most cited
articles would be primarily level 1 and 2 evidence studies.

METHODS

Approval from the institutional review board was deemed
unnecessary due to the public nature of this data set. The
Clarivate Analytics Web of Knowledge database was
utilized to obtain the data and metrics reported in this
analysis.'? Similar methods were followed to those reported
in other orthopaedic bibliometric analyses.¥ The literature
search occurred on December 18, 2021. Varying Boolean
queries were utilized in order to capture all iterations of
Achilles tendon pathology relevant to orthopaedic surgery
and sports medicine. The most inclusive Boolean search
query resulting in the most total searches was used for
analysis. The final Boolean search phrases were (Achille’s
OR Achilles OR Achille’s tendon OR Achilles Tendon OR
Calcaneal tendon) AND (rupture OR repair OR injury OR
surgery OR surgical repair OR disorder OR disease OR
treatment OR rehabilitation OR reconstruction). This

IReferences 1, 5, 6, 14, 15, 19, 23, 24, 26, 31, 34, 38, 40, 42.
YReferences 2, 4, 7, 8, 17, 21, 25, 30, 32, 43.
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search resulted in 17,244 total articles. A search of biblio-
graphies was not performed.

The search results were then reordered in descending
order of total citations so that articles with the most total
citations were at the top of the list. The title and abstract of
each search result were then reviewed to determine the
relevance to Achilles tendon pathology. An article was
excluded from further analysis if it did not present infor-
mation on surgical techniques, management, surgical out-
comes, complications of treatment (operative or
nonoperative), rehabilitation, biomechanical mechanisms
of injury, or epidemiologic trends in relation to Achilles
tendon pathology, rupture, or injury. Articles with periph-
eral mention of Achilles tendon pathology were excluded. If
the inclusion or exclusion of an article was in question, the
full manuscript was obtained and reviewed by 2 authors
(M.L.M. and R.J.H.) to ultimately decide.

A total of 279 search results were reviewed before reach-
ing 50 articles that met the above inclusion criteria. The
full manuscripts for these final 50 articles were obtained
and reviewed to obtain the following information: first and
last author name; year of publication; country of origin;
publishing journal name; article category (rupture, tendi-
nosis, tendinopathy, injuries, epidemiology); focus of
the article; study type (expert opinion, review article,
descriptive study, case report, case series, case-control
study, cohort study, randomized controlled trial); and the
respective level of evidence. The level of evidence is a
measure of the article’s relative risk of bias and the Journal
of Bone and Joint Surgery guidelines were utilized to clas-
sify the selected studies.** The level of evidence and study
type were determined by a consensus opinion between the
first and second authors (M.L.M. and R.J.H.) If there was a
disagreement between the first and second authors, the
senior author (K.A.P.) was consulted. If an article was a
review or commentary on a subject with no clearly charac-
terized systematic review of the literature, it was classified
in the “expert opinion” category. The citation density for
each article was also calculated, which represents the total
number of citations divided by the number of years since
publication (as of 2021).

RESULTS

The 50 Achilles tendon articles included in this study are
listed in Appendix Table Al. They have been cited 13,159
times, with a mean of 263.2 citations per article. The earli-
est article publication occurred in 1972, while the latest
publication was from 2013; this represents a range of 41
years. Of the 50 total articles, 33 were published since
2000, and over half of the included studies were published
after 2002. In addition, 2002 was the year with the most
articles published (n = 6) followed closely by 2005 (n = 4)
(Figure 1).

The most cited article in this collection, by Alfredson
and Lorentzon,® was cited a total of 657 times. The next
most commonly cited articles were by de Vos et al'?
and Robinson et al,3® which accumulated 512 and 422
total citations, respectively. The difference between the
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Figure 1. The top 50 most cited Achilles tendon pathology articles by publication year.
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Figure 2. The number of citations accumulated by the top 50 most cited articles about Achilles tendon pathology per year.

most cited article (657 citations; Alfredson and Lorent- Citation density, the total number of citations divided by
zon®) and the least cited (164 citations; Olsson et al®®) the number of years since publication, was also calculated
was also substantial. Across the 41-year period that this for each of the 50 articles included in this analysis. The top
collection of influential articles spanned, the most cita- 3 articles stratified by citation density can be attributed to
tions in a single year occurred in 2017 (880 citations), de Vos et al'® (46.5 citations/year), Sanchez et al*! (29.9
followed closely by 2018 and 2016 (840 and 835 citations, citations/year), and Alfredson and Lorentzon® (28.6 cita-
respectively). Moreover, across the 41-year span, the tions/year) (Appendix Table Al). The oldest article in this
total number of citations accumulated each year has analysis, published in 1972 by Lea and Smith,?° ranked last
risen exponentially. This rise has been most prevalent in terms of citation density (3.5 citations/year). The newest

since 1996 (Figure 2). article included in this analysis, published in 2013 by
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TABLE 1
The Most Represented Authors Among the Top 50 Most Cited Achilles Tendon Articles and Their Respective Total Citations

No. of First-Author No. of Last-Author No. of Articles in Top No. of Mean Citations per

Author Name Articles Articles 50 Citations Article
Maffulli 4 5 9 1993 221.4
Alfredson 2 4 6 1888 314.7
Tol 0 3 3 921 307.0
Khan 1 2 3 907 302.3
Karlsson 0 4 4 885 221.3
Lorentzon 0 2 2 859 429.5
Astrém 2 0 2 570 285.0
Ohberg 2 0 2 527 263.5
Nilsson- 2 0 2 515 257.5

Helander
Jarvinen 0 2 2 435 217.5
Paavola 2 0 2 435 217.5
de Jonge 2 0 2 409 204.5
Rompe 2 0 2 386 193.0

TABLE 2 Hungary |taly  Spain
Journals That Published Most Cited Achilles Tendon Australia _2% 2% 2%
Pathology Articles 2% _\ |
Germany
No. of  Impact 4%

Journal of Origin Articles Factor England
American Journal of Sports Medicine 17 6.202 4%
Journal of Bone and Joint Surgery-American 9 5.284

Volume
British Journal of Sports Medicine 6 13.8
Clinical Orthopaedics and Related Research 3 4.176
Clinical Journal of Sport Medicine 2 3.165
Knee Surgery Sports Traumatology 2 4.342

Arthroscopy
Scandinavian Journal of Medicine & Science 2 4.221

in Sports
Sports Medicine 2 11.136
Acta Orthopaedica Scandinavica 1 3.717
The Journal of Foot and Ankle Surgery 1 2.705 Scotland
Foot and Ankle Clinics 1 1.653 10%
Journal of Applied Physiology 1 3.531
Journal of the American Medical Association 1 56.272
Journal of the Royal Society of Medicine 1 5.344 . . .
Skeletal Radiology 1 2,199 Figure 3. The top 50 most cited Achilles tendon pathology

Olsson et al,® ranked eighth in citation density (20.5 cita-
tions/year).

With regard to the most represented authors of these 50
influential articles, Maffulli, Alfredson, and Karlsson pos-
sessed the most first or last/senior author papers in this
analysis. Maffulli had a total of 9 articles that had accumu-
lated 1993 total citations or 15.1% of the total citations
generated by the entire collection of 50 articles. A total of
13 authors had >2 articles included in this analysis (Table
1.

All 50 articles included in this analysis were published in
English and originated in 15 scientific journals. The mean
impact factor of the origin journals was 8.5 + 13.6. The
American Journal of Sports Medicine had the most articles

articles according to country of origin.

represented (n = 17), followed by the Journal of Bone and
Joint Surgery-American Volume (n = 9) and the British
Journal of Sports Medicine (n = 6) (Table 2). These influ-
ential articles originated from 13 countries with Sweden
(n = 14), Canada (n = 6), and Finland (n = 6) accounting
for the most (Figure 3).

With regard to article category, Achilles tendon rupture
was the most common study classification (n = 23) followed
by tendinopathy (n = 16) and tendinosis (n = 6). Achilles
injury treatment was the most common article focus
(n = 25) followed by epidemiology (n = 8), literature review
(n = 7), surgical technique (n = 3), imaging (n = 2), ques-
tionnaire validation (n = 2), rehabilitation (n = 2), and
biomechanics (n = 1). The most common study design was
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Figure 4. The top 50 most cited Achilles tendon pathology
articles by level of evidence.

a cohort study (n = 13) followed by review article (n = 11),
randomized controlled study (n = 8), case series (n = 8),
descriptive article (n = 6), case-control (n = 2), and expert
opinion (n = 2). Finally, most of the 50 articles had an
evidence level of 4 (n = 14), followed by levels 1 and 2
(n = 11 each), level 3 (n = 8), and level 5 (n = 6) (Figure 4).

DISCUSSION

The major finding of our research was that the majority of
the top 50 most cited articles about Achilles tendon pathol-
ogy have been published since 2002, are cohort studies or
review articles, and have an evidence level of 1, 2, or 4. A
large number of these articles originated in non-US coun-
tries such as Sweden, Canada, and Finland. In addition,
most of these highly influential articles can be categorized
as representing tendon rupture, tendinopathy, or tendino-
sis with special focus on treatment options/algorithms, epi-
demiological trends, literature review and summation, and
surgical technique description and comparison.

As noted previously, the treatment and management of
Achilles tendon injuries and disease has a long history dat-
ing back hundreds of years. As a result, the current litera-
ture surrounding Achilles tendon pathologies is relatively
well developed. This observation is supported by the large
number of evidence level 1 and 2 studies and randomized
controlled trials, cohort studies, and review articles (sys-
tematic reviews and meta-analyses). These findings are
representative of high-quality evidence that reflects a
mature state of the literature and can objectively guide
management.

This is in contrast to other fields such as orthopaedic
arthroscopy and sports concussion, which had very few ran-
domized controlled trials and level 1 and 2 studies. For
example, in a study by McQuivey et al,?® of the top 100 most
cited articles in sport concussion research, 63% of articles
were level 4 or 5 evidence and there were zero randomized
controlled trials and level 1 evidence pieces of literature.

Top 50 Achilles Tendon Pathology Articles 5

Similarly, studies by Murphy et al,3> Moore et al,?° and

Barbera et al,” in orthopaedic knee, shoulder, and hip
arthroscopy, respectively, found similar trends of predom-
inantly level 4 and 5 evidence and fewer pieces of high-
impact, level 1 research. This finding is encouraging for
orthopaedic sports medicine and foot and ankle surgeons,
as the state of the Achilles tendon pathology literature is
very robust and consists of high-quality pieces of literature
from which to learn and influence practice.

Interestingly, despite the earliest publication arising in
1972 and the wide range of publication years in the study,
the majority of the most influential articles have been pub-
lished in the past 20 years. Therefore, despite the state of
the Achilles tendon injury literature being relatively robust
and mature, there still exists great opportunity for new,
innovative research to be conducted on this subject.
For example, several of the most cited articles in this
analysis published in the past 20 years have focused on the
application of emerging technologies such as platelet-rich
plasma/stem cells, minimally invasive surgical techniques,
and innovative methods of rehabilitation and nonoperative
treatment options.

In addition to many of the most cited articles being pub-
lished in the past 20 years, the newest studies also have
significantly greater citation densities when compared with
older studies (P < .01). In fact, when dividing the 50 studies
by those published before and after 2002, those published
after 2002 had a mean citation density of 17.4 citations/year
while those published before had an mean density of 10.9
citations/year. This finding demonstrates the known ten-
dency of foundational articles experiencing slowing of cita-
tion frequency as they age and newer pieces of literature
replacing them. This phenomenon is known as “obliteration
by incorporation.”'® Obliteration by incorporation occurs
when ideas and theories within a scientific field become
so well known and accepted that the original contributors
of this knowledge are no longer cited or recognized. This
finding is common in many dynamic scientific fields where
the state of the literature is constantly evolving and chang-
ing. Moreover, it is also likely that the observed incidence of
highly cited articles occurring over the past 2 decades may
be due to a growing volume of article submissions. In ortho-
paedics specifically, scientific manuscript submission
volumes have increased at a cumulative annual growth
rate of 10.2%.22 Therefore, the observed incidence of highly
cited, high citation-density articles occurring over the past
2 decades is likely due to obliteration by incorporation and a
rising rate of article submission and acceptance.

Unlike other similar analyses, the most influential arti-
cles in this field have not originated from American
authors. In fact, European authors accounted for 78% of the
top 50 most cited articles while American authors only
represented 10% of the collection. Sweden was responsible
for the most articles in this analysis (28%), and Nordic
countries as a whole accounted for nearly half of the most
influential articles. This finding is in stark contrast to a
study performed by Lefaivre et al,2! which found that
72% of the most influential articles in all of orthopaedic
surgery originated from US authors. In the field of Achilles
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tendon injury treatment and rehabilitation, Sweden and
other Nordic countries have led the field.

Limitations

This study has several limitations. First, the selection cri-
teria used to obtain the top 50 most cited studies, while well
defined, were partially subjective in nature. Articles being
considered for inclusion were often questionable due to
unique study designs, vague methodology, or unclear pur-
pose statements that did not fall exactly within the bounds
of our exclusion and inclusion criteria. However, the
authors introduced as much objectivity as possible in the
selection of articles by having multiple authors review
selections, particularly if ambiguity was noted. Addition-
ally, the reviewing authors were second- and third-year
allopathic medical students with extensive experience con-
ducting bibliometric analyses. Second, while citations are
an important metric used to assess an article’s influence
and impact on its field, it is not the only factor that
measures an article’s overall effect. Articles with fewer
total citations, but large impacts on the field, may have
been overlooked. However, total citations are an objective
metric used to stratify the literature and avoid ambiguity
and subjective decisions. Finally, the Web of Knowledge
database was utilized for this study. While this database
is comprehensive, it is possible that some high-impact
articles may have been excluded by either the search crite-
ria or tabulation of the citations.

CONCLUSION

Among the 50 most influential articles on Achilles tendon
pathology, the study designs most commonly used were
cohort studies and review articles. Sweden was responsible
for the most studies included on this list, which reflects this
country’s interest and commitment to researching Achilles
tendon injuries and treatments. This article serves as a
reference to direct orthopaedic practitioners to the 50 most
influential studies in Achilles tendon rupture repair.
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