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Background: Instability in the upper cervical spine, although rare, can be devastating. This spectrum of
conditions includes occipitocervical instability, atlantoaxial instability and atlantoaxial rotatory displacement.
Knowledge of the literature can provide better understanding of disease processes and management, and aid
in clinical decision making. The objective of this study was to perform a bibliometric analysis to formulate a
comprehensive review of the most cited publications.

Methods: A systematic search of the literature was conducted using the Clarivate Web of Science database.
The search query was ““Atlanto-occipital dislocation” OR “atlanto-occipital dissociation” OR “atlantoaxial

)

rotatory displacement” OR “atlantoaxial instability””. The top 100 articles based on frequency of citation
were included in our study. Data extracted from articles included frequency of citation, year of publication,
country of origin, journal of publication, level of evidence and article type.

Results: Our initial search yielded 257 results that met the criteria. Articles not pertaining to atlanto-
occipital instability were removed. Citation frequency ranged from 15 to 195. The most cited article was
“Traumatic Anterior Atlanto-Occipital Dislocation” published by Powers ez a/. in 1979. The most productive
decade was 2000-2009 with 45 publications. All decades showed a progressive increase in the number of
papers published except for 2010-2019. Overall, 19 countries contributed and the most productive was the
United States (n=61). The articles found in our search were cited a total of 4,095 times (3,463 without self-
citations) averaging 40.95 citations per publication.

Discussion: The goal of a bibliometric study is to assess trends in a specific field of study, provide
evidence for the impact of an individual or field of study’s research, and highlight potential areas for future
research. While the number of citations does not necessarily reflect publication quality, it reflects overall
influence based on recognition by peers in the field. Publications from the last 20 years have emphasized
the use of newer technologies such as computed tomography (CT) and magnetic resonance imaging (MRI)
to aid in diagnosis. Our study highlights the lack of high-level evidence articles and underscores that our

understanding of these conditions in both pediatric and adult patients is maturing.
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Introduction

The upper cervical spine is an anatomic region consisting
of the occiput to the C2-3 disk space and includes the
occipitoatlantal and atlantoaxial joints (1). While instability
in this spine segment is rare, this spectrum of conditions
that includes occipitocervical instability, atlantoaxial
instability and atlantoaxial rotatory displacement can cause
devastating neurologic compromise in both pediatric and
adult patients (2-4). Both occipitocervical and atlantoaxial
instability can be either traumatic or acquired. Conditions
that predispose patients to acquired upper cervical spine
instability include Down’s Syndrome, Morquio syndrome as
well as Rheumatoid arthritis (5-7).

Radiographs, computed tomography (CT) and magnetic
resonance imaging (MRI) are all useful tools to diagnose
these conditions (8-10). Options for management of these
conditions range from nonoperative treatment in a collar
to halo orthosis and potentially posterior fusion. Spine
surgeons, trauma surgeons and pediatric surgeons must
take a multitude of patient factors into account as well as
an abundance of literature for the proper diagnosis and
management of upper cervical spine instability.

Evidence based medicine is becoming an increasingly
important component in the practice of the modern
surgeon. Knowledge of the literature not only can provide
better understanding of disease processes and management,
but also can aid in clinical decision making and direct
future investigations. However, given this increased focus
on evidence-based medicine, the number of publications
has been increasing rapidly over the past 100 years (11).
Maintaining knowledge based on recent literature can be a
daunting task for the modern surgeon.

The increasing volume of publications has given birth
to the field of citation analysis, also known as bibliometric
study. This refers to the analysis of publications that have
had a significant impact on a specific field in medicine (12).
In the past, literature reviews and bibliometric analyses have
been used to summarize a topic and provide a complete
picture of a disease process in spine surgery (10,13-16).
Key findings from these studies showed that citations of
individual articles ranged from 66 to 1,748. Additionally,
these studies showed that the United States tends to yield
the most influential and highly cited articles across a field
of orthopedic and neurosurgical subspecialties. These
bibliometric studies highlight the immense amount of
interest garnered from spinal management and treatment.
"Topics of interest in the field of spinal surgery, as identified
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in these bibliometric studies, include imaging, clinical
descriptions, basic science research and advanced surgical
techniques. There is a consensus that the increased
citation frequency directly correlates with influence of the
findings pertaining to the study. However, many of these
bibliometric studies concluded that the field of spinal
surgery, pain management, and imaging is saturated with
lower level evidence articles. To our knowledge, there is
no comprehensive review of the most cited publications
pertaining to upper cervical spine instability. Although the
number of citations is not the only variable that determines
an article’s impact in a field, it can help provide insight
into establishing the ‘classic’ articles. Additionally, it can
provide residency and fellowship directors with articles
that may be important to include in a standardized reading
curriculum. Lastly, a thorough understanding of the most
cited articles allows investigators to identify the most
active areas for research and guide future endeavors (17).
Here we present the most cited publications over the past
100 years relating to the epidemiology, anatomy, diagnosis,
and treatment of upper cervical spine instability. We present
the following article in accordance with the PRISMA
reporting checklist (available at https://jss.amegroups.com/
article/view/10.21037/jss-21-132/rc).

Methods
Literature search

A systematic search of the literature was conducted using
the Clarivate Web of Science database. The search query
was “Atlanto-occipital dislocation” OR “atlanto-occipital
dissociation” OR “atlantoaxial rotatory displacement”
OR “atlantoaxial instability”’. The complete collection of
Boolean searches is provided. Initial input of queries yielded

)

315 distinct articles as shown in Figure 1. Notes, editorials,
letters, book chapters, meeting abstracts and early access
materials were excluded. There were 285 papers remaining.
Non-English studies and animal studies were excluded and
we were left with 257 articles. Articles were then sorted
from high to low by number of citations as noted by Web
of Science. The top 100 articles listed were included in our
study.

Data extraction

Data extracted from articles included article title, total
citations, frequency of citation, year of publication, country
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Figure 1 PRISMA flow diagram (18).

of origin, journal of publication, level of evidence, article
type, affiliated institution, institution of the corresponding
author and names of contributing authors. Articles were
grouped by decade of publication. Articles were categorized
into biomechanics, case reports, classifications, clinical
descriptions, clinical outcomes, imaging, natural history,
surgical techniques or pathology. Articles were classified
based on their abstract. If an article’s category was unclear
from the abstract, the complete paper was assessed to
determine the proper category. The articles were also
classified based on whether they involved pediatric or adult
patients. We recorded all authors on each paper as well as
their affiliated institutions. Lastly, articles were grouped by
decade of publication.

Level of evidence was assigned based on a 5-tier
system (19). Level one literature included randomized
control trials and meta-analyses. Level two studies were
experimental studies with or without literature reviews. Level
three articles included systematic reviews, non-experimental
and qualitative studies. Level four papers were literature
reviews, clinical guidelines, related descriptions, and outcome
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articles. Finally, level five categorization was dominated by
case reports, small sample size studies, opinion pieces and
expert recommendation articles. Article type and level of
evidence was assigned after careful review of abstracts and
full-text. The classification of these articles was completed
by 2 separate authors and their results were compared. Any
discrepancies between the levels of evidence assigned were
discussed until a level of evidence was agreed upon.

Results

The most cited article was “Traumatic Anterior Atlanto-
Occipital Dislocation” published by Powers et al. in 1979.
The most productive decade was 2000-2009 followed by
1990-1999 with 45 and 26 publications respectively. All
decades showed a progressive increase in the number of
papers published except for 2010-2019 as shown in Figure 2.
The range of publication years included articles from 1959
to 2018. The most popular year of publication was 2011
with 11 publications. The article published the earliest
was non-traumatic atlanto-occipital and atlanto-axial
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Figure 2 Number of publications based on decade.

Country of origin

Figure 3 Proportion of publications based on country of origin.

dislocation: a case report by Washington. The most recent
article was Motion and dural sac compression in the upper
cervical spine during the application of a cervical collar in
case of unstable craniocervical junction-A study in two new
cadaveric trauma models by Liao ez 4/. published in 2018.

The country of origin was also assessed for all articles
in our list. All countries affiliated with the authors
were included. If multiple countries were listed, they
were included as separate entries. Overall, 19 countries
contributed and the most prominent country featured was
the United States (n=61) followed by Canada (n=7) with
England, Japan and Germany tied for third (n=5). Notably,
there were 8 countries that contributed to three or more
articles on the list as shown in Figure 3.

The articles found in our search were collectively cited a
total of 4,095 times (3,463 times without self-citations). This
averaged out to 40.95 citations per publication. The most
cited paper on our list was Traumatic Anterior Atlanto-
Occipital Dislocation, cited a total of 195 times according to
Web of Science. In second place is Pathological Anatomy of
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Figure 4 Number of publications based on article type.

Fatal Atlanto-occipital dislocations by Buchholz et /. The
third most cited article found in our search was Pediatric
Cervical Spine Injuries: Defining the Disease by Patel ez al.

The most productive authors were Dickman with
4 publications followed by Vaccaro and Woodring with
3 publications each. The institutions tied for the most
articles on our list were Barrow Neurological Institute
and the University of California with five publications
each. Many institutions were tied for second place with
3 publications from our list. The journal that published the
majority of articles on our list was Spine with 14 publications
followed by Newurosurgery and The Fournal of Bone and Foint
Surgery with 10 and 6 publications respectively. A total of
46 journals contributed to our list. The most prominent
level of evidence was level 4 (n=55) followed by level 5 with
39 articles. The most common article type was tied between
case reports and clinical descriptions with 31 articles each.
In second place was imaging with 15 articles followed by
clinical outcomes as seen in Figure 4.

Discussion

The goal of a bibliometric study is to assess trends in a
specific field of study, provide evidence for the impact of
an individual or field of study’s research, and highlight
potential areas for future research (12). Article subjects
presented from our database are provided in Figure 5.
A bibliometric study can prove particularly useful when
evaluating a topic with a wide body of literature. While the
number of citations does not necessarily reflect publication
quality, it reflects overall influence based on recognition
by peers in the field. The number of times an article is
cited depends on the quality of the work, overall interest
in the topic discussed, and the ability of the article to
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Figure 5 Proportion of publications based on subject of articles.

inspire further research or to change the way physicians
practice. Upper cervical instability is a topic that can have
a devastating effect if it is not recognized and treated
promptly.

In pediatric patients, three commonly recognized
pathologies in the upper cervical spine are atlanto-occipital
dislocation, atlanto-axial instability and atlantoaxial rotatory
subluxation. The atlanto-occipital joint is a condylar
joint with minimal bony stability, primarily stabilized
by ligaments including the tectorial membrane, anterior
longitudinal ligament, nuchal ligament and paired alar
ligaments. The mechanism typically involves a deceleration
mechanism, causing separation of the condyles and the
atlas. CT has become the gold standard for diagnosis,
with the condyle-C1 interval greater than 4 mm being
cited as valuable in the diagnosis in recent studies. Initial
treatment involves immobilization in a halo or Minerva
cast but unstable injuries should be managed with posterior
occipitoatlantal fusion with internal fixation (20,21).

Atlantoaxial instability can be caused by traumatic
ligamentous injury or chronic disease processes;
associations with Downs syndrome is well documented
with the frequency of atlantoaxial instability approaching
10% to 30% by adolescence (22-25). Other sources have
associated Reiter syndrome, Larsen syndrome, juvenile
rheumatoid arthritis, Morquio syndrome and Kniest
syndrome (22,26-30). In traumatic injuries, the transverse
ligament is disrupted. Diagnosis is made with lateral
cervical radiographs or a CT scan to measure the atlanto-
dens interval. The spine is reduced in extension followed
by surgical stabilization of C1-2 and a prolonged period of
immobilization in a halo, Minerva cast or cervical orthosis.

Atlantoaxial rotatory subluxation in children typically
results from minor trauma or infection. If due to an
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infectious etiology, it is known as Grisel syndrome and
typically occurs after an upper respiratory tract infection.
In contrast to muscular torticollis, the chin will be pointed
towards the side on which the sternocleidomastoid is
contracted. Diagnosis may be challenging due to positioning
difficulties (31). On anteroposterior and open-mouth
odontoid views, the lateral masses appear different in size
because one is rotated anteriorly and one posteriorly. CT
has also proven useful and can show the atlas superimposed
on the axis in a rotated position (32,33). Treatment of
atlantoaxial rotatory subluxation depends on timing of
injury and duration of symptoms (34). Many children will
not require medical attention due to spontaneous reduction.
Those with symptoms less than 1 week in duration can
be treated in a soft collar with anti-inflammatories and
home exercises. Halter traction and bed rest is required
if spontaneous reduction does not occur after 1 week. In
subluxations greater than 1 month in duration, reduction
with halter traction is unlikely and may require the use of a
halo (35).

In adults, the spectrum of upper cervical spine instability
encompasses atlanto-occipital injuries, atlantoaxial
subluxation and dislocation and finally rupture of the
transverse ligament. Atlanto-occipital injury typically
occurs as the result of a motor vehicle accident. Children
are predisposed to this injury because their occipitoatlantal
joints are flatter and because their head weight to
bodyweight ratio is greater than adults. There are multiple
radiographic methods described to diagnose atlanto-
occipital injuries that utilize the relationship between
the occiput and CI to assess any instability including the
Powers ratio (36). The mortality is extremely high from
this injury and only 20% of patients will have a normal
neurologic examination (37). All atlanto-occipital injuries
should be treated with immediate halo application.

Atlantoaxial subluxation and dislocation in adults is
most common after motor vehicle accidents. Similar to
children, adults will present with a ‘cock robin’ appearance
with the head tilted toward and rotated away from the side
of dislocation. X-rays commonly demonstrate asymmetry
of the lateral masses on an open-mouth odontoid view.
Skull tong traction is used for reduction. Should closed
reduction fail, open reduction is performed and a posterior
C1-C2 fusion is performed. There are multiple ways
of accomplishing this including the Gallie technique,
the Brooks technique, and C1-C2 transarticular screws
supplemented by posterior fusion.

Lastly ruptures of the transverse ligament can cause
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instability in the upper cervical spine. Diagnosis is most
commonly performed using a combination of MRI, CT and
dynamic radiographs (38). Insufficiency of the transverse
ligament is suspected if the atlantodens interval is greater
than 3.5 mm in adults and 5 mm in children. Treatment
typically involves C1-C2 fusion using the aforementioned
techniques.

Atlanto-occipital instability was first documented in the
literature by Bell in 1830 (39). This was the first reported
subluxation of the atlas on the axis. This event occurred
following an infection that developed from a pharyngeal
ulcer. Subsequently, multiple cases reported subluxation
events following infection or ligamentous laxity (40-43).
Blackwood documented the first case of atlanto-occipital
dislocation due to traumatic injury in 1908 (44). The
article published the earliest on our list of the 100 most
cited articles was Non-Traumatic Atlanto-Occipital and
Atlanto-Axial Dislocation by Washington. This article
provided a unique case report of dislocation of both the
atlanto-occipital and atlanto-axial joints after pharyngitis in
a young female patient and correlated her condition with
radiographic findings (45).

The most cited article found in our search was Traumatic
Anterior Atlanto-occipital Dislocation by Powers er al. In
this landmark review, Powers et al. reported 4 cases of
traumatic atlanto-occipital dislocation and established new
radiographic criteria to diagnose this condition based on the
ratio of the distances between the basion and posterior arch
of C1 to the distance between the opisthion and the anterior
arch of C1. While traumatic atlanto-occipital instability
had been documented in the literature 4 times prior to this
paper, previous studies had used the relationship between
the atlas, odontoid, and basion for radiographic diagnosis,
as first documented by Wholey ez /. in 1958 (46). Powers
developed new diagnostic criteria based on a relationship
between two anatomic structures as opposed to absolute
measurements between structures. The new diagnostic
criteria established by Powers is still used today (36).

Bucholz et al. authored the article with the second
most citations, providing a post-mortem examination of 9
patients with fatal atlanto-occipital dislocations after motor
vehicle accidents (47). In this study, they found that 6 of
their 9 patients had no fracture in the cervical spine and
postulated that ligamentous injury can be a significant factor
in the development of atlanto-occipital dislocation.

The third most-cited article on upper cervical spine
instability was Pediatric Cervical Spine Injuries: Defining
the Disease by Patel et 4l. In this retrospective review, the
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incidence and characteristics of pediatric cervical spine
injuries as well as the impact of age and level of injury
on mortality rate was assessed. One key finding was that
23% of children with upper cervical spine injury died
compared to only 4% with lower cervical spine injury.
Additionally, mortality rate was highest (48%) in those
children diagnosed with atlanto-occipital dislocation (48).
Interestingly, despite this high mortality rate, only 9%
of the 100 most cited publications pertained specifically
to pediatric patients according to Web of Science. This
suggests that the literature on pediatric upper cervical
instability is either newer and has not had the chance to
accumulate citations or there is a lack of articles being
published compared to the adult population.

The year with the most articles on our list was 2001
with 11 publications followed by 2005 and 2007 with 8 and
7 publications respectively. These three years contributed
to making 2000-2009 the most productive decade with
45 publications followed by 1990-1999 and 2010-2019 with
26 and 19 publications respectively. This reflects the time
delay in which newer literature gains citations, putting more
recent articles at a disadvantage. The lack of articles on our
list from earlier decades including 1970-1979, 1980-1989,
and 1990-1999 can likely be attributed to more recent
articles creating a lasting impact with the incorporation
of advanced imaging such as CT and MRI. The internet
has also allowed practitioners to share research data and
established treatment guidelines and we believe this is part
of the reason why 2000-2009 was the most productive
decade. Lastly, the number of publications increasing in
later decades may be attributed to an overall increase in
publication rate and citations (49,50).

Level of evidence is substantially impacted by the article
type. This is evident in that case reporting generates lower
level evidence studies while biomechanical evaluations,
clinical outcomes and clinical descriptions produce higher
level evidence. The collective level of evidence regarding
upper cervical instability is analyzed and the effector
size of each type of study on the pooled level of evidence
is shown in Figure 6. There was a lack of high level of
evidence articles found in our search, with 55 articles
being classified as level 4 and 39 articles being classified as
level 5 as seen in Figure 7. These findings are consistent
with other studies regarding craniovertebral dislocation
discussed in Klepinowski ez #/. In this meta-analysis, the first
limitation cited is the lack of studies categorized as high-
level evidence. In fact, in the 46 full text articles analyzed,
the highest-level evidence studies were level IV (51). The

7 Spine Surg 2022;8(2):266-275 | https://dx.doi.org/10.21037/jss-21-132



272

Effects of article type on level of evidence

Case report B

Surgical techniques e

Imaging —e—i

Pathology .

Clinical outcomes —e—i

Clinical description o

Biomechanics .

-4 -3 -2 -1 0 1 2 3 4 5

Cohen’s d

Lower level of evidence Higher level of evidence

Figure 6 Effect size of article type on the level of evidence.

60 -
)
K
.© 40 +
T
©
G
o}
Q
£ 20 -
>
=z

2
0. 0
1 2 3 4 5

Level of evidence

Figure 7 Number of publications based on level of evidence.
Assigned levels of criteria was determined by multiple authors and

consensus agreements.

paucity of randomized controlled trials or experimental
studies provides insight into what type of studies are needed
in the future to advance our understanding of upper cervical
spine instability.

There are several limitations to our bibliometric analysis.
Firstly, newer articles published after our literature search
was completed could change the order of citations. This
is unlikely given that it takes several years to accumulate
citations. In addition, including 100 articles was an arbitrary
decision. However, the authors felt that 100 articles was
an adequate number to provide a complete picture of the
classic literature regarding the diagnosis and management
of upper cervical spine instability. Furthermore, high impact
articles that were written in languages other than English
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were excluded. It is possible that there are high impact
articles in other languages that may have been pertinent to
include.

Another limitation was the main criterion we used to
assess which articles were the most influential, the number
of citations. While the number of citations is a useful
indicator regarding the popularity of an article, it may not
be a reliable indicator of article quality as it can be affected
by multiple factors including journal impact, author
reputation and research specialty. We also did not account
for author self-citations, and as such higher volume authors
may be more likely to cite their own work or to cite articles
in journals where they are seeking publication. Also not
accounted for were citations in textbooks, lectures or other
non-peer-reviewed and web-based literature that is not
included in Web of Science.

A ‘snowball effect’ has been hypothesized where authors
are more likely to cite an article based on its number of
citations rather than the content or quality of the article (52).
We do not believe this hypothesis severely altered our results.
Lastly, this is a cross-sectional study. Future studies would
benefit from tracking the number of citations an article has
received over time to reflect paradigm shifts in the diagnosis
and treatment of upper cervical spine instability.

Conclusions

Upper cervical spine instability is a complex spectrum
of pathology that can affect both pediatric and adult
patients. The diagnosis and management of this spectrum
of conditions has been studied by orthopedic surgeons,
neurosurgeons, trauma surgeons and neurologists alike.
In this article, we attempted to provide a comprehensive
review of the most influential literature pertaining to
this topic published over the last 100 years. Publications
from the last 20 years have emphasized the use of newer
technologies such as computed tomography and magnetic
resonance imaging to aid in the diagnosis of upper cervical
spine instability. Our article highlights the lack of high level
of evidence articles pertaining to this topic and underscores
the fact that our understanding of these conditions is still
maturing. We believe this article can help practitioners
as well as future investigators navigate the wide body of
literature surrounding this topic and aid in future discovery.
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