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ibliometric analysis of surgical research has become increasingly prevalent. Citation count (CC) is a commonly used marker of
research quality, but may overlook impactful military research. The disruption score (DS) evaluates manuscripts on a spectrum
from most innovative with more positive scores (disruptive [DR]) to most entrenched with more negative scores (developmental;
DV). We sought to analyze the most DR and DV versus most cited research in military trauma.
METHODS: T
op trauma articles by DS and by CC were identified via professional literature search. All publications in military journals were
included. Military trauma-related keywords were used to query additional top surgical journals for military-focused publications.
Publications were linked to the iCite NIH tool for CC and related metrics. The top 100 DR and DV publications by DS were an-
alyzed and compared with the top 100 articles by CC.
RESULTS: O
verall, 32,040 articles published between 1954 and 2014 were identified. The average DS and CCwere 0.01 and 22, respectively.
Most articleswere published inMilMed (68%). The top 100DR articleswere frequently published inMilMed (51%)with ameanDS of
0.148. Of these, the most cited article was only the 40th most disruptive. The top 100 CC articles averaged a DS of 0.009 and were com-
monly found in J Trauma (53%). Only five publications were on both the top 100 DR and top 100 CC lists; 19 were on both the top DV
andCC lists. Citation countwas not correlatedwithDR (r=−0.134; p=0.07) and onlyweakly correlatedwithDV (r=0.215; p= 0.003).
CONCLUSION: D
S identifies publications that changed military paradigms and future research directions previously overlooked by citation count
alone. The DR and DVarticles are distinct with little overlap between highly cited military articles. Multiple bibliometric measures
should be employed to avoid overlooking impactful military trauma research. (J Trauma Acute Care Surg. 2023;95: S157–S169.
Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.)
LEVEL OF EVIDENCE: D
iagnostic Test or Criteria; Level IV.

KEYWORDS: D
isruption score; developmental score; citation count; military trauma publications.
T he output of academic surgical research is continually in-
creasing and has significantly expanded over the past few

years in an exponential fashion.1,2 This increased amount of re-
search and academic publications has made it difficult to maintain
currency and to evaluate the most impactful and relevant projects.
Bibliometric analysis has gained popularity in the evaluation of
both researchers and thework performed in the surgical community.
Surgeon academic productivity and potential faculty appointments
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have also been impacted by this, as bibliometrics are often an im-
portant factor considered during hiring or promoting academic
surgeons.1,3 Common bibliometrics include citation count and
the H-index and primarily derive their scale from a simple count
of total citations of a published article, both of which are not without
limitations.1,4 Citation counts do not factor the relevance or scientific
impact of the citation or reason for increased citations while the
H-index has similar limitations and is also biased against older
publications.5,6 Additionally, citation counts are confounded by au-
thors citing their ownwork. Not all citations are equal, and the count
simplifies the true impact of the referenced work.1 These measures
were also not designed to capture scientific work that is truly “dis-
ruptive,” or leads tomajor impact and change in a given area of study
that displacesmuch of the previously published research in that field.

The lack of a single metric to properly identify impactful
scientific work led to the development of a new metric called
the disruption score.7,8 The disruption score, a ratio between
−1 and 1, measures the degree to which a published work intro-
duces a new idea compared with previous literature. Negative
scores reflect developmental work and identify publications that
continue to expand upon known ideas and further that current par-
adigm of scientific thought. Positive scores reflect disruptivework
and reflect literature that changes the known paradigm of cited re-
lated work, thus guiding the scientific thought in a new direction.

Disruption score analysis can identify important scientific
work that may be missed by other bibliometric techniques. This
S157
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technique has been used to identify important works in multiple
surgical subspecialties that had previously been overlooked.2,9–16

Disruptive work in the surgical field is rare. Previous analysis has
found that only 25% of the PubMed library have positive disrup-
tive scores, and only 10% have scores >0.10.11 However, this
analysis has not specifically been applied to the trauma surgery
publications. Because current trauma management has been so
heavily impacted by military experiences and research, we sought
to apply disruption score bibliometric analysis to military pub-
lished works. To identify the most disruptive military trauma pub-
lications as well as previously overlooked works, the goal of this
study was to identify the top 100 disruptive and developmental
military trauma publications by disruption score and compare
them to the top 100 publications using the standard citation count
metric. We hypothesize that bibliometric analysis of military
trauma publications using disruption score will identify distinct
academic work compared with publications identified by citation
counts alone.
METHODS

A PubMed search was performed in August of 2022 in or-
der to extract the PubMed identifiers (PMID) of all articles pub-
lished in core military journals from 1954 to 2014. To capture
relevant work published in non-military specific journals, key
military and trauma search termswere used to identify published
work from top surgical academic journals (Supplemental Table 1,
http://links.lww.com/TA/D30). The PMID’s were merged with a
validated dataset that contains the disruption scores on articles
from 1954 to 20147 (Supplemental Data Hyperlink, http://links.
lww.com/TA/D31).

The disruption score listed was determined for each article
by the calculation: “X = (A-B)/(A + B + C), where X = disruption
score for article X, A = # of future articles that cite article Xwithout
article X’s references being cited simultaneously, B = # of future ar-
ticle that cite article X and at least one of article X’s references, and
C = # of future article that cite one of the references of article X, but
not article X itself.”11 Sullivan et al.11 describe the impact of this
calculation as follows: “As an example, an article was cited 100
times. Of those 100 citations, 90 did not include any of the index
article's references (A), and 10 articles included both the index ar-
ticle and the article's references (B). An additional 20 articles cited
any one of the index article's citations, but not the index article itself
(C). This would result in a score of 0.667 = (90–10)/
(90 + 10 + 20).11 Scores with positive ratios are considered disrup-
tive, with results closer to 1 being the most disruptive. Scores with
negative ratios are viewed to be developmental, with scores the fur-
thest from 0 to be the most developmental.

The top 100 disruptive (DR) and top 100 developmental
(DV) articles were identified by disruption score. The top 100
most cited (CC) articles were identified using the National Insti-
tute of Health iCite tool.17 For the top 100 DR articles, analysis
was performed to identify journal location and research design.
Citation counts of the top 100 DR and top 100 DVarticles were
compared with the top 100 CC articles using the Mann-Whitney
U test. Correlation coefficients between disruption scores and ci-
tation counts were estimated. All variables were analyzed IBM
SPSS Statistics 28 software (IBM Corporation, Armonk, NY).
S158
RESULTS

Professional literary search of the PubMed universe iden-
tified 15,537 articles published between 1954 and 2014. Of all
identified articles, 73.8% (n = 11,473) were published in Mili-
tary Medicine; Lancet was the second most common journal
with 5.7% (n = 880). The average disruptive score across all ar-
ticles was 0.01 with a median of 0 [IQR, –0.004 to 0.005]. Sup-
plemental Figure 1, http://links.lww.com/TA/D32, shows the
percent of DR and DS articles from the 10most commonly iden-
tified journals. Regarding citation counts, the average citations
were 22 with a median of 4 [IQR, 1–13].

Tables 1 and 2 report the top 100 DR and top 100 DVarti-
cles, respectively. The top DR articles have disruption scores
ranging from 0.039 to 0.844 and citation counts ranging from 0
to 662. The majority of the DR articles were published inMilitary
Medicine (51%) with the next most common journal being the
Journal of Trauma (18%). The types of articles were most com-
monly retrospective reviews (38%) or editorials/commentaries
(37%) and commonly focused on injury management or wartime
experience (Figs. 1 and 2). Of these, the most disruptive article
was “A profile of combat injury” published in a 2003 issue of
the Journal of Trauma. This article, also the second most cited
of the top DR articles, was a retrospective review of combat inju-
ries and death across multiple military campaigns. The most cited
of the top disruptive articles was “Combat wounds in Operation
Iraqi Freedom and Operation Enduring Freedom” published in a
2008 issue of Journal of Trauma. Similar to the most disruptive
article, this was a review of combat injuries and wounds from
two specific recent military campaigns. However, this was only
the 40th most disruptive, with a score of 0.130.

The publication distribution of the top developmental arti-
cles was similar, with 45% being published inMilitary Medicine
and 28% published in Journal of Trauma. As with the top DR
articles, the top DV articles were most commonly retrospective
reviews (34%). The most developmental article was “Arterial re-
pair during the Korean war” published in Annals of Surgery in
1954. This retrospective review of arterial repair and reconstruc-
tion helped lay the groundwork for later military vascular trauma
research. However, the article was only the 29th most cited of the
top DVarticles. The most cited of the top DVarticles was “The
ratio of blood products transfused affects mortality in patients re-
ceiving massive transfusions at a combat support hospital” pub-
lished in Journal of Trauma. Despite the high citation count
(1006), this article was only the 34th most developmental.

The most cited article identified was “Mild traumatic
brain injury in US soldiers returning from Iraq,” a survey study
published in a 2008 edition of New England Journal of Medi-
cine. This article identified a potential link between combat trau-
matic brain injury and post-deployment post-traumatic stress
disorder. With a negative disruption score, this article was con-
sidered developmental. Upon review, 77% of the top CC articles
had negative disruption scores and were thus classified as devel-
opmental. The top CC articles are most commonly published in
trauma-specific journals, with 59% coming from Journal of
Trauma and Journal of Trauma and Acute Care Surgery.

Only five of the top DR articles were also found among
the top 100 CC articles. Identifying articles by disruption
yielded a distinct sample compared to the top CC articles, as
© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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Figure 3. Scatterplot of citation count by disruption scores of the
top 100 most disruptive military trauma articles.

Figure 1. Distribution of research design of the top 100
disruptive military trauma surgery articles.

J Trauma Acute Care Surg
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evidenced by a significant lack of correlation between disruption
metrics and citation counts (r = −.134; p = 0.07) (Fig. 3). Nine-
teen articles were found on both the top DS and top CC lists.
However, developmental scores (negative disruption scores)
were only weakly correlated with citation count (r = 0.215;
p = 0.003) (Fig. 4).

DISCUSSION

This is the first use of a novel bibliometric analysis, the
disruption score, to be applied to the military trauma literature.
We identified the most 100 disruptive military trauma articles
and compared them to the highest cited articles of the same re-
search field. We also identified the most developmental articles
in military trauma surgery. These were also compared with the
most cited military trauma publications. The comparison
showed that disruptive articles and highly cited articles are dis-
tinct entities with no strong correlation identified. Similarly, de-
velopmental and highly cited military trauma literature are not
synonymous, as an article’s developmental score was only
weakly correlated with citation count.

Bibliometric analysis has been developed to help identify
and evaluate relevant academic literature.7,8 The ability to quan-
tify academic literature has previously been fragmented, with
some measures focusing on the author while other focus on
Figure 2. Distribution of clinical focus of the top 100 disruptive
military trauma surgery articles.

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
the article. H-index and m-score measure the productivity of
an individual researcher or academic institution.3,18,19 The “rel-
ative citation ratio” (RCR), is an enhanced citation-based score
that attempts to compare the importance of a publication against
is field of academia.20 While the RCR seems to overcome some
potential analytic biases, it is not designed to explain how an ar-
ticle has influenced its field of associated literature. However,
these scores can have significant professional impact and have
been used as a surrogate for academic prowess.1,3,18 Using the
disruption score can identify a different segment of academic lit-
erature that has been previously missed by conventional mea-
sures. in addition, the disruption can help qualify how work
has influenced science by measuring its impact on disrupting
previous dogma or solidifying developing thought. This article
does not argue for one bibliometric analysis over another; rather,
it merely identifies important military trauma literature previ-
ously overlooked by other measures of relevance.

This bibliometric technique has been previously applied
to several other surgical subspecialties with interesting results.
Sullivan and colleagues11 identified the most disruptive articles
from the pediatric surgical literature. The authors found multiple
articles describing early clinical outcomes and important surgi-
cal innovations that were not among their highest cited compan-
ions.11 Among these were articles by leaders in the historic and
current field of pediatric surgery.11 Becerra et al.2 applied a
Figure 4. Scatterplot of citation count by disruption scores of the
top 100 most developmental military trauma articles.
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similar technique in the evaluation of colorectal surgery. In addi-
tion to analyzing disruptive articles, they also identified the top
developmental contributions to the colorectal field.2 As with
the pediatric literature, the colorectal disruptive and develop-
mental scores did not correlate highly with citation count.2,11

Important perspective on the trajectory of military trauma
academia is gained by the evaluation of the top disruptive and de-
velopmental articles. The disruptive articles, those that are often
cited separately from their own referenced work, can identify pe-
riods of paradigm shift and practice changes. The most disruptive
article, “A profile of combat injury” describes factors associated
with and related to battlefield injuries across multiple US military
expeditions. In addition, the article identified key differences be-
tween battlefield and civilian injury patterns, with recommenda-
tions for improvement. The timing of this article likely impacts
the disruption score: the article was submitted a mere 14 months
after US soldiers were deployed to Afghanistan following the 9/
11 terrorist attacks. The injury patterns and barriers to manage-
ment identified by the article likely helped guide future decisions
and research strategies throughout the more recent military cam-
paigns. In addition, the second most disruptive article, “Lessons
learned: Operation Anaconda,” focused on medical and logistical
issues of the first major campaign into Afghanistan following the
previously mentioned terrorist attacks. While this article is not
highly cited, the combination of the top two disruptive articles
sheds insight into the changing military trauma paradigm associ-
ated with the global war on terror. These important scientific arti-
cles that disrupted previously existing literature on these topics
may be overlooked when using standard metrics such as the cita-
tion count or any of its derivative metrics that are primarily based
on volume of citations.

Developmental military trauma surgery articles appear to
affirm ideas, surgical techniques, and practices. For example,
the most developmental, “Arterial repair during the Korean
war,” described the combined experiences and outcomes of arte-
rial injuries needing repair. Not long before its publication, liga-
tion of vascular injuries was standard. World War II saw ampu-
tation rates approaching 36% after arterial repair was per-
formed.21 However, the developmental article found only a
13% amputation rate following vascular repair during the Korean
War. While this article did not change the paradigm, it served
to further the notion that reconstruction and repair of combat
arterial injuries is feasible.

There are limitations of this study that warrant mention.
The database of disruption scores is limited to years 1954 to
2014. There are likely many disruptive articles on either side of
the included years that have been missed in this analysis. Al-
though it would be interesting to identify those missing articles,
these capture dates have been used to evaluate other surgical sub-
specialties and we feel that 60 years encompasses a significant
amount of military campaign literature worth analyzing. We also
noted that a large number of disruptive articles were not consid-
ered highly scientific research. Becerra and colleagues2 also
found this in their analysis of the colorectal literature. The authors
argued that while more rigorously designed research endeavors
may gain more citation traction, they often build upon literature
that is difficult to supplant. Editorials, commentaries, and case re-
ports may represent newer ideas supplanting previously cited lit-
erature. While this may be a limitation of using the disruption
S168
score as a sole method of identifying sentinel literature, we be-
lieve that it still yields identification of important thoughts that
would otherwise be overlooked. The disruption score itself is
not without significant limitations. Although it has been validated
to identify impactful achievements,7 its mathematical application
to surgical literature has the potential to identify disruptive articles
without clinical impact. Articles with extremely low references
may lead to misleadingly high disruption scores, especially if
the article is not highly cited by others. Other advanced impact
scoring systems, like RCR, may be better suited in that scenario.
However, the addition of this score to other bibliometrics adds
valuable insight into the clinical impact of an academic work. It
should also be noted that bibliometric analytics are not adequately
tailored to influence current military training protocols. The rele-
vance of the disruption score is not realized immediately, as cita-
tions accumulate over time.

Solely using conventional bibliometric analysis of mili-
tary trauma literature misses important historical and educa-
tional literature. Using the disruption score, we were able to
identify unique literature that either enhanced or changed the
medical thought at the time. This analysis, providing a unique
historical assessment, enables previously overlooked military
trauma literature to be properly recognized and appreciated.
Moving forward, the disruption score should be included in the
bibliometric armamentarium of how military trauma research
is evaluated.
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