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Abstract

Objective: To evaluate the top 30 most-cited articles in the literature on os odontoideum.

Methods: A search using the Web of Science database and the search phrase "os odontoideum" was conducted. The 30 most-cited articles on 
osodontoideum were analyzed. The study was performed in May 2020. We searched for articles published between 1920 and 2020. Articles were 
sorted and ranked according to the total number of citations. We evaluated the following information of each article, including first author, journal, 
title, number of citations, average citation per year, and author affiliation.

Results: A total of 357 studies matched our search criteria, of which the top 30 most-cited ranged between 232 and 60 citations. The article by 
Dickman et al. published in Neurosurgery, was the most-cited article with a total citation of 232, followed by Dickman et al. with 221 and Smoker et 
al. with 179. Menezes was the most cited first authors, with 4 articles, followed by Dickman with 3 articles. Child's Nervous System, Journal of Neu-
rosurgery, and Spine were three most frequent destination journals. Most of the articles originated from the United States (n=24) and University of 
Iowa Hospitals and Clinics published 6 articles and was the highest in the number of most-cited articles. Most of the articles focused on the clinical 
management of osodontoideum (83.3%). 

Conclusion: The current study confers a better understanding of current treatment strategies and the advances in the management of osodon-
toideum. It helps guide the clinical management and academic achievements. 
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Abbreviations: OO: Os odontoideum; CVJ: Craniovertebral Junction; MRI: Magnetic Resonance Imaging; 3D CTA: 3-Dimensional Computed Tomo-
graphic Angiography
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Introduction

Os Odontoideum (OO), known as a rare anomaly of the cervical 
spine and can be confused with fracture, involves the second cervi-
cal vertebrae, which is characterized by the separation of a portion 
of the odontoid process (also known as dens) from the body of the 
axis.1,2 It was first described by Giacomini in 1886, and whether 
the etiology of OO is congenital or traumatic has remained contro-
versial.3-5 Notably, OO leads to the instability of atlanto-axial joint,  

 
which will increase the risk of spinal cord and vertebral artery in-
jury.6,7 Moreover, the various clinical manifestations can occur, such 
as neck pain, limb numbness and weakness, syncope, and even 
paralysis.8,9 The management for OO depends on the symptoms of 
the patients and the clinical experiences of the surgeons, includ-
ing conservative treatment and surgical treatment.10-12 The most 
common surgical technique is atlanto-axial reduction, fixation, and 
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fusion.8,13,14 However, there still exists controversy regarding the 
management of OO.6 Therefore, it is pivotal for the surgeons to get 
a good knowledge of OO management and to better the treatment 
from the high-impact journal articles. 

The bibliometric study gives us a clear list of the high-impact 
articles according to the number citation, which will confer a better 
understanding of the scientific information pertaining to OO, such 
as top authors, top journals, and top institutions. Our objective was 
to identify and analyze the 30 top-cited articles on OO.

Methods
On October 5, 2020, the Web of Science core database was 

searched with the search phrase “osodontoideum”, the 30 top-cited 
articles on osodontoideum were sought. Articles published between 
1980 and 2020 were searched and the total number was 361. Four 
articles were excluded due to the unavailability of the publication 
year, and a total of 357 articles were ranked according to the total 
number of citations in this study. . The articles with the same num-
ber of citation were ranked the same (and counted separately) and 

the total number of the articles included in this study were 30. First, 
we evaluated the following information of each article: first author, 
year of publication, journal, title, number of citation, average  cita-
tion per year, and author affiliation. Next, we recorded lists for top 
authors (with at least 2 publications), top publication journals, and 
decades of publication. We also summarized the country of origin 
of the 30 top-cited articles, as well as the institutions with the most 
publications. Finally, we recorded the research topic of article as 
clinical management, radiology or imaging study, or biomechanical 
study.

Results
Top 30 Most-Cited Articles

A total of 357 studies matched our search criteria, of which the 
top 30 most cited ranged between 60 and 232 citations, for a total 
of 3124 citations, with an average of 104.13 Citations per article (Ta-
ble 1). Thirteen articles were cited more than 100 times. “Posterior 
C1-C2 transarticular screw fixation for atlanto-axial arthrodesis”, 
by Dickman et al., was the most-cited article with a total citation 
of 232. 

Table 1: The top 30 most-cited publications.

No First 
Author

Year of Pub-
lication Journal Title Number of 

Citation
Average Cita-
tion per Year Author Affiliation

1 Dickman 
CA 1998 Neurosurgery Posterior C1-C2 transarticular screw 

fixation for atlantoaxial arthrodesis 232 10.09 Barrow Neurological 
Institute

2 Dickman 
CA 1991 Journalof Neuro-

surgery
The interspinous method of posteri-

or atlantoaxial arthrodesis 221 7.37 Barrow Neurological 
Institute

3 Smoker 
WR 1994 Radiographics

Craniovertebral junction: normal 
anatomy, craniometry, and congeni-

tal anomalies
179 6.63 Medical College of 

Virginia

4 Coyne TJ 1995 Neurosurgery
C1-C2 posterior cervical fusion: 

long-term evaluation of results and 
efficacy

177 6.81 University of Toronto, 
Ontario, Canada

5 Fielding 
JW 1980

Journal Volume 
of Bone and Joint 

Surgery, American
OsOdontoideum 176 4.29 St. Lukes Medical 

Center

6 Gluf WM 2005 Journalof Neuro-
surgery-Spine

Atlantoaxial transarticular screw 
fixation: a review of surgical indica-
tions, fusion rate, complications, and 
lessons learned in 191 adult patients

143 8.94
University of Utah 

Health Sciences 
Center

7 Stiller-
manCB 1993 Neurosurgery

Atlanto-axial stabilization with pos-
terior transarticular screw fixation: 
technical description and report of 

22 cases

129 4.61
University of Southern 

California School of 
Medicine

8 Lus-
trinES 2003 Radiographics Pediatric cervical spine: normal 

anatomy, variants, and trauma 118 6.56 Long Island Jewish 
Medical Center

9 Wang C 2006 Spine

Open reduction of irreducible 
atlantoaxial dislocation by transoral 

anterior atlantoaxial release and 
posterior internal fixation

111 7.4
Peking University 

Third Hospital, Bei-
jing, China

10 Gluf WM 2005 Journalof Neuro-
surgery-Spine

Atlantoaxial transarticular screw 
fixation: a review of surgical indi-

cations, fusion rate, complications, 
and lessons learned in 67 pediatric 

patients

110 6.88
University of Utah 

Health Sciences 
Center

11 Meneze-
sAH 2008 Child's Nervous 

System 
Craniocervical developmental anato-

my and its implications 101 7.77 University of Iowa 
Hospitals and Clinics
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12 Pang D 2011 Child's Nervous 
System

Embryology and bony malforma-
tions of the cranio-vertebral junction 100 10 University of Califor-

nia, Davis

12 Mar-
cotteP 1993 Journalof Neuro-

surgery
Posterior atlanto-axial facet screw 

fixation 100 3.57 Barrow Neurological 
Institute

14 AryanHE 2008 Journalof Neuro-
surgery-Spine

Stabilization of the atlanto-axial 
complex via C-1 lateral mass and C-2 

pedicle screw fixation in a multi-
center clinical experience in 102 

patients: modification of the Harms 
and Goel techniques

99 7.62
University of Cali-

fornia, San Francisco 
Medical Center,

15 Ahmed R 2008 Child's Nervous 
System

Fusions at the cranio-vertebral 
junction 87 6.69 University of Iowa 

Hospitals and Clinics

16 Lowry 
DW 1997 Journalof Neuro-

surgery
Upper cervical spine fusion in the 

pediatric population 84 3.5
University of Pitts-
burgh, Children's 

Hospital of Pittsburgh

17 Spiering-
sEL 1982

Journal Volume 
of Bone and Joint 
Surgery, British

The management of osodontoideum. 
Analysis of 37 cases 82 2.1

University Hospital 
Rotterdam-Dijkzigt, 
Erasmus University, 

The Netherlands

18 Menezes 
AH 2008 Child's Nervous 

System

Surgical approaches: postop-
erative care and complications 

"transoral-transpalatopharyngeal 
approach to the cranio-cervical 

junction"

79 6.08 University of Iowa 
Hospitals and Clinics

19 Brock-
meyerDL 2000 Journalof Neuro-

surgery

Anatomical suitability of C1-2 
transarticular screw placement in 

pediatric patients
76 3.62

Primary Children's 
Medical Center, Uni-

versity of Utah

20 Menezes 
AH 2008 Child's Nervous 

System

Anatomy and biomechanics of nor-
mal craniovertebral junction (a) and 

biomechanics of stabilization (b)
75 5.77 University of Iowa 

Hospitals and Clinics

21 Yoshimo-
to H 2004 Spine

A retrospective radiographic anal-
ysis of subaxial sagittal alignment 

after posterior C1-C2 fusion
71 4.18

Hokkaido University 
Gradate School of 

Medicine, Sapporo, 
Japan

21 Dai LY 2000 Surgical Neurol-
ogy

Os odontoideum: etiology, diagnosis, 
and management 71 3.38

Changzheng Hospital, 
The Second Military 
Medical University, 

Shanghai, China

21 Menezes 
AH 1992 PediatricNeuro-

surgery
Craniovertebral abnormalities in 

Down's syndrome 71 2.45 University of Iowa 
Hospitals and Clinics

24 Dickman 
CA 1995 Journalof Neuro-

surgery
Surgical management of atlanto-axi-

al nonunions 65 2.5 Barrow Neurological 
Institute

25 Klimo P 2007
Neurosurgery 

Clinics of North 
America

Congenital anomalies of the cervical 
spine 63 4.5 Wright-Patterson Air 

Force Base

25 Smith 
MD 1991 Spine

Fusion of the upper cervical spine in 
children and adolescents. An analy-

sis of 17 patients
63 2.1 University of Michigan 

Affiliated Hospitals

27 Ya-
mazakiM 2012 Spine

Anomalous vertebral arteries in the 
extra- and intraosseous regions of 
the cranio-vertebral junction visu-
alized by 3-dimensional computed 
tomographic angiography: analysis 
of 100 consecutive surgical cases 

and review of the literature

61 6.78

Chiba University 
Graduate School of 
Medicine, Inohana, 

Chuo-ku, Chiba, Japan

28 Smoker 
WR 2008 Child's Nervous 

System Imaging the craniocervical junction 60 4.62 University of Iowa 
Hospitals and Clinics

28 Wang J 1999 PediatricNeuro-
surgery

Pediatric atlantoaxial instability: 
management with screw fixation 60 2.73

Ohio State University, 
and Columbus Chil-

dren's Hospital

28 Morgan-
MK 1989 Journalof Neuro-

surgery
Familial os odontoideum. Case 

report 60 1.88 Mayo Medical School/
Mayo Clinic
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Top authors
In summary, 23 first authors contributed to the top 30 top-cit-

ed articles. Only 4 first authors published at least 2 of the top 30 
most-cited articles (Table 2). Menezes published 4 articles. Dick-
man published 3 articles. (Figure 1)

Figure 1: Density visualization of authors.
 
Table 2: Top first authors.

First Author Number of Articles 

Menezes AH 4

Dickman CA 3

Smoker WR 2

Gluf WM 2

Top Publication Journals
In summary, 11 journals published the top 30 most-cited ar-

ticles, of which 7 journals published at least 2 articles (Table 3). 
Child's Nervous System published 6 articles, which was the same as 
Journal of Neurosurgery. Spine had the second most articles (n=4). 
Journal of Neurosurgery-Spine and Neurosurgery had published 3 
articles, respectively. 

Table 3: Top publication journals.

Journal Number of Articles (%)

Child's Nervous System 6(20)

Journal of Neurosurgery 6(20)

Spine 4(13.3)

Journal of Neurosurgery-Spine 3(10)

Neurosurgery 3(10)

Pediatric Neurosurgery 2(6.7)

Radio graphics 2(6.7)

Journal Volume of Bone and Joint 
Surgery, American 1(3.3)

Journal Volume of Bone and Joint 
Surgery, British 1(3.3)

Neurosurgery Clinics of North 
America 1(3.3)

Surgical Neurology 1(3.3)

Countries of Origin
The 30 most-cited articles originated from a total of 5 countries 

(Table 4). The United States produced the most articles (n=24). Chi-
na and Japan published 2 articles each, followed by Canada and The 
Netherlands (n=1 each). 

Table 4: Countries of origin.

Country Number of Articles (%)

United States 24(80)

China 2(6.7)

Japan 2(6.7)

Canada 1(3.3)

Netherlands 1(3.3)

Top Institutions of Publication
A total of 21 institutions were affiliated with the 30 most-cited 

articles. Three institutions published at least publications (Table 5). 
University of Iowa Hospitals and Clinics published 6 articles and 
was the highest in the number of most-cited articles. Barrow Neu-
rological Institute published 4 articles, followed by University of 
Utah Health Sciences Center (n=2).

Table 5: Top institutions of publication.

Institution Location Number of Articles

University of Iowa Hospi-
tals and Clinics

Iowa City, Iowa, 
USA 6

Barrow Neurological 
Institute

Phoenix, Arizona, 
USA 4

University of Utah Health 
Sciences Center

Salt Lake City, 
Utah, USA 2

Decades of Publication
All top 30 most-cited articles were published between the 

1980s and the 2010s (Table 6). The oldest of these articles, “Os-
Odontoideum” by Fielding et al., was published in 1980. The most 
recent of these articles, was published by Yamazaki et al. in 2012. 
The other article published in 2010s was “Embryology and bony 
malformations of the craniovertebral junction” by Pang et al. in 
2011 with total of 100 citations. The largest proportion (46.7%) of 
the articles was published in the 2000s.

Table 6: Decades of publication.

Decade Number of Articles (%) 

1980s 3(10)

1990s 11(36.7)

2000s 14(46.7)

2010s 2(6.7)

Research Topics
Research topics of the 30 top-cited articles were classified into 

clinical management, radiology or imaging study, and biomechani-
cal study (Table 7). Twenty-five (83.3%) of the articles mainly dis-
cussed clinical management, 4(13.3%) focused on imaging study of 
os odontoideum, and 1(3.3%) was biomechanical study. 
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Table 7: Research topics.

Research Topic Number of Article (%) 

Clinical management 25(83.3)

Radiology or Imaging study 4(13.3)

Biomechanical study 1(3.3)

Discussion
The current bibliometric study mainly focuses on the thirty 

top-cited articles in Os Odontoideum. The citation count is a stan-
dardized tool for the researchers to evaluate the impact of the lit-
erature. We assessed the top authors, top publication journals, the 
country and institutions of origin, and the research topic of the 30 
top-cited articles, which can show us the most impactful articles 
and authors and help us improve the management of Os odontoi-
deum. 

The first author of the two top-cited articles is Dickman CA 
from Barrow Neurological Institute, and the two articles were pub-
lished in Neurosurgery15 and Journal of Neurosurgery16 respectively. 
The two articles mainly focused on the clinical management of OO 
via posterior atlantoaxial arthrodesis. The most-cited article pub-
lished in 1998 assessed the outcomes associated with C1-C2 tran-
sarticular screw fixation15; this study included nine patients with 
OO, .these ninepatients nine patients were treated with posterior 
C1-C2 transarticular screws and wired posterior C1-C2 antilogous 
bone struts. No patients presented with neurological complications, 
strokes, or transient ischemic attacks. Long-term follow-up (mean, 
22 months) of 114 patients suggested a 98% fusion rate. Two non-
union (2%) required occipitocervical fixation. For a comparison, 
the union rate of C1-C2 fixations with wires and auto graft (n=74) 
was 86%. This study indicated that C1-C2 transarticular screw fix-
ation was associated with a markedly higher fusion rate than that 
achieved using wired grafts alone. Additionally, the risk of screw 
malpositioning and severe vascular or neural injury is small and 
can be minimized by using intraoperative fluoroscopy guidance.

The second most cited article also focused on the interspinous 
method of posterioratlantoaxial arthrodesis.16; this study included 
four cases of OO and the atlantoaxial arthrodesis utilized sub lam-
inar wire at C1 and an iliac-crest strut-graft between the posterior 
arches of C1 and C2. The arthrodesis was secured by a wire around 
the base of the spinous process of the axis. This study concluded 
that interspinous method of posterior atlantoaxial arthrodesis re-
sulted in a 97% union rate with minimal morbidity and mortality 
rates. 

“Craniovertebral junction: normal anatomy, craniometry, and 
congenital anomalies”, a study by Smoker, was the third most-cited 
article.17 This study is an imaging-based one using magnetic reso-
nance imaging (MRI) and aims to evaluate craniovertebral junction 
(CVJ)abnormalities such as OO, radio logically, via craniometri-
calmeasurements, including the Chamberlain line, Wackenheimc-
livus baseline, Welcher basal angle, and atlantooccipital joint axis 
angle. This study suggested that MRIis a suited method for investi-
gating the CVJ abnormalities because of its direct sagittal imaging 

capabilities.

The oldest most-cited article entitled “Os Odontoideum” in the 
top 30 is a review of Fieldinget al., which was published in 1980 
and rankedranked fifth in the list with 176 citations.18 This article 
reviewed the cases of 35 patients with Osodontoideum . This study 
provided evidence that the etiology of OO is trauma. Most of the 
patients were treated with spine fusion surgery and the surgical 
management alleviated cervical pain and instability. 

The most recent of the 30 top-cited articles is a 100 consecu-
tive surgical cases and review of the literature by Yamazaki based 
on 3-dimensional computed tomography angiography (3D CTA).19 
This study described the utility of 3D CTA in the evaluation of ver-
tebral artery anomalies in the patients with CVJ disorders preop-
eratively. This study indicated that an increased rate of vertebral 
artery anomalies in patients with atlantoaxial subluxation, OO, and 
occipitalization of C1. With the help of 3D CTA, the vertebral artery 
anomalies can be identified accurately, and the risk of their intraop-
erative injury can be reduced consequently. 

Most of the articles in the 30 top-cited articles were published 
in Child's Nervous System, Journal of Neurosurgery, and Spine, sug-
gesting that OO is an important cervical anomaly in children and 
much attention should be paid to improve their quality of life. 

In the 30 top-cited articles, most studies focused on the clini-
cal management of OO. And these studies suggested that fusion is a 
well-suited surgical treatment, both in children and adultpatients. 
Only four radiological studies and one biomechanical study20 were 
included in the list, and biomechanical study might provide us with 
more insights into the etiology and management of OO. 

Limitations
The current study has several limitations. First, self-citation is a 

confounding factor which will influence the citation analysis, which 
was not excluded in this study. Second, non-English language litera-
ture was excluded, which might have been highly cited in other lan-
guage literature database. Third, older literature might have high 
citations, but it might be considered less valuable compared with 
the newly updated literature.

Conclusion
The present bibliometric study analyzed the 30 top-cited arti-

cles focusing on Os Odontoideum, an anomaly of the cranioverte-
bral junction with great surgically challenge. Most of the articles fo-
cus on surgical management. The majority of the articles originated 
from the United States and institutions in the United States, includ-
ing University of Iowa Hospitals and Clinics and Barrow Neurolog-
ical Institute. The current study confers a better understanding of 
current treatment strategies and helps guide the clinical manage-
ment and academic achievements.
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