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Evaluation of using the Anderson-
Montesano and the Tuli classifications in
pediatric patients with occipital condyle
fractures
Ryszard Tomaszewski1,2* , Jacek Kler1, Karol Pethe1 and Agnieszka Zachurzok3

Abstract

Background: Occipital condyle fractures (OCFs) in patients before 18 years of age are rare. Classifications of OCF
are based on the CT images of the cranio-cervical junction (CCJ) and MRI. The Anderson-Montesano and Tuli
classifications are the types which are most commonly used in these cases. Classification of OCFs allows the
implementation of OCF treatment. The aim of this study was to evaluate the effectiveness of using the OCF
classification in pediatric patients based on the analysis of our own cases.

Methods: During the years 2013–2020, 6 pediatric patients with OCFs, aged 14–18, have been treated. Two
patients with unstable fracture III according to Anderson-Montesano and IIB according to Tuli were treated with the
halo-vest. Additionally, one patient presenting neurological symptoms and with an associated C1 fracture was
qualified for the halo-vest stabilization as well. The other patients were treated with a Minerva collar. We evaluated
the results 6 months after completing the OCF treatment using the Neck Disability Index (NDI) and SF-36
questionnaires. Confidence intervals for the mean values were verified using the MeanCI function (from the R library
DescTools) for both classical and bootstrap methods.

Results: Based on NDI results, we have obtained in our patients an average of 4.33/45 points (2–11) and 9.62%
(4.4–24.4). Based on the SF-36 questionnaire, we obtained an average of 88.62% (47.41–99.44).

Conclusion: The Anderson-Montesano and Tuli’s classifications of OCF can be used to assess the stability of OCF in
adolescents, but both classifications should be used simultaneously. CT and MR imaging should be used in
diagnosing OCFs, whereas CT allows assessing therapeutic outcomes in OCF.
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Background
Occipital condyle fractures (OCFs) in patients before 18
years of age are rare, accounting for about 1–3% of all
cervical spine injuries [1, 2]. This fracture usually ac-
companies high-energy injuries, especially traffic trauma
with associated head injuries. Due to the often coexisting
polytrauma and what is related to this a complex radio-
logical diagnosis, the number of patients diagnosed with
OCF in recent years has increased, especially before the
age of 18 years [3]. Classifications of OCF are based on
the CT images of the cranio-cervical junction (CCJ) and
MRI [2]. The Anderson-Montesano and Tuli classifica-
tions are the types which are most commonly used in
these cases [1, 4–7].
Classification of OCFs allows the implementation of

conservative OCF treatment based on the
immobilization of the patient with a hard collar or cer-
vical orthosis as well as surgical treatment by using the
halo-vest, open reduction internal fixation (ORIF), or an
occipito-cervical fusion [3, 8, 9].
The aim of this study was to evaluate the effectiveness

of using the OCF classification in pediatric patients
based on the analysis of our own cases. The authors’ hy-
pothesis was that the Anderson-Montesano and Tuli
classifications could be effectively used in pediatric pa-
tients by taking into account the specificity of pediatric
fractures. Therefore, the authors have observed elements
which are non-specific for children in both of these
classifications.

Materials and methods
During the years 2013–2020, 6 pediatric patients with
OCF, aged 14–18, have been treated in our department.
The mean age of the patients was 15.8. There were 3 fe-
males and 3 males among these pediatric patients. After

admitting the child to the emergency department, each
patient was examined by a pediatric team consisting of a
pediatrician, a pediatric surgeon, a neurologist, and an
orthopedic surgeon.
The majority of patients (3 patients) were injured in

motor vehicle accidents (these patients were car passen-
gers). One patient was stroke by a car, one patient fell
from a bicycle, and one patient was injured by falling
from a height. All patients had head injuries, including 4
cranial bone fractures considering the frontal or facial
bones and 5 intracranial injuries. Two patients sustained
thoracic injuries with pulmonary contusion or pneumo-
thorax. Accompanying cervical spine fractures were ob-
served in 2 patients; also, two patients presented upper
extremity fractures. There were no patients with bilateral
OCF (Table 1) All patients underwent a CT trauma scan
and subsequent MR imaging to visualize the ligament
damage. All the patients underwent neurological exam-
ination for possible nervous system lesions and add-
itional consultations according to the associated injuries.
After the CT scan analysis using the Anderson-
Montesano and Tuli classifications, the patients were
qualified for further therapeutic management. Two pa-
tients with unstable fracture III according to Anderson-
Montesano and IIB according to Tuli were treated with
the halo-vest (Figs. 1 and 2). Additionally, one patient
presenting neurological symptoms and with an associ-
ated C1 fracture was qualified for the halo-vest
stabilization as well. The other patients were treated
with a Minerva collar. The halo-vest stabilization was
maintained for 13.1 weeks (12.5–14) and a cervical collar
for 11.3 weeks (11–12). During the treatment, the pa-
tients were monitored by CT or MR imaging. The group
of patients treated with the halo-vest was monitored for
proper correction by CT examination 1 day after the

Table 1 Patients records and time of treatment

Name Sex Age Anderson-
Montesano

Tuli Cause of injury Trauma accompanying Halo-vest time of
treatment

Minerva
brace

P.P M 15.2 III-unstable IIB Traffic accident—car
passenger

Left frontal fracture, left frontal sinus fracture,
fracture of the left frontal bone, contusion of
the frontal lobe of the brain

12.5 weeks –

K.D. F 15 III-unstable IIB Pedestrian hit by a car Contusion of the right lung, concussion of
the brain, multiple abrasions of the epidermis

13 weeks superficial
pin infection

–

R.M F 18 I IIB Traffic accident—car
passenger

Post-traumatic aphasia, pneumothorax, pyramidal-
posterior paresis

14 weeks –

S.D M 14.7 III-stable IIA Traffic accident—car
passenger

Right frontal bone fracture, nasal bone fracture,
subdural hematoma

– 12
weeks

B.W F 16 I-stable IIA Fall from a height Right frontal bone fracture, nasal bone fracture,
subarachnoid bleeding, Th3-5 transverse process
fracture, fracture of the proximal epiphysis of the
radial bone

– 11
weeks

M.O M 16.1 I-stable IIA Bike ride fall Left frontal bone fracture, right maxillary sinus
fracture, right orbit fracture, V metacarpal bone
fracture

– 12
weeks
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halo-vest placement (Fig. 3). After confirming the satis-
factory alignment of the injured bone fragments, the
patients were discharged from the unit with the recom-
mendation of a conscientious lifestyle and observation
for the occurrence of distressing symptoms.
The CT of cranio-cervical junction (CCJ) was per-

formed in all patients at the end of the treatment, in

patients treated with the halo-vest after 13 weeks (11–
14), and with the cervical collar after 11 (9–12) weeks.
The authors with a group of radiologists (2) and ortho-

pedic surgeons (2) evaluated the CT and MRI findings
of the CCJ performed immediately after injury and after
achieving the OCF bone consolidation. In the group of
patients with unstable OCFs based on the Anderson-
Montesano classification in two patients (patient initials:
P.P., K.D), we have classified fractures as type III and ac-
cording to Tuli’s classification as type IIB, while in one
patient (R.M.), OCF was assessed as type I according to
the Anderson-Montesano classification. Based on Tuli’s
classification, in which the C0–2 complex is assessed
due to the occurrence of C1 fracture, we found the pres-
ence of an unstable OCF. In the remaining three patients
evaluating CT and MRI’s of the CCJ, the authors have
observed (in patients S.D., B.W., M.O.) OCF type I ac-
cording to the Anderson-Montesano classification and
IIA according to the Tuli classification. During the
evaluation of OCFs, there was a full consensus among
the four team members. Still, it should be noted that
there were difficulties in evaluating and differentiating
between type I and III, according to the Anderson-
Montesano classification.
The authors have also evaluated the C0–2 ligamentous

apparatus based on CCJ MRI. We have noted the lack of
damage to the C0–2 ligamentous apparatus in our group
with particular attention to the ligament alar, apical, and
tectoral membrane.
According to the Anderson-Montesano classification,

in patients with type III OCF, we have observed a 10
and 12° rotational displacement in the C0–1 joint, as
well as a 3- and 4-mm displacement in this joint.

Fig. 1 Patient, 16.1 years old. The cause of the trauma was fall from
a bike. OCF classified as type I according to Anderson-Montesano
and IIA according to Tuli

Fig. 2 Patient from Fig. 1. MR after injury

Fig. 3 Patient from Figs. 1 and 2. CT performed 5 months after the
accident. Treatment—rigid neck collar for 12 weeks
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According to the Anderson-Montesano classification, in
other patients with type I OCF, we found no rotational
or translational displacement in the C0–1 joint.
We evaluated the results 6 months after completing

the OCF treatment using the NDI and SF-36 question-
naires. The NDI questionnaire was modified due to the
age of our patients by removing item 8 regarding driv-
ing. In each case, the questionnaire was completed by
the patient himself but assisted by one of the parents. In
one patient (patient initials: R.M.), we asked one of the
parents to complete the questionnaire in case of diffi-
culty answering the questions independently.

Results
The follow-up was 4.5 years (1–7). The patients’ age in
our series of patients is noteworthy—mean age 15.8.
These are children after puberty.
We also evaluated the results of the treatment based

on the CT of the CCJ performed at the end of the ther-
apy. In all of our patients, bone consolidation was ob-
tained, but in patient P.P., the presence of displacement
of the occipital condyle bone fragment by 1 mm and ro-
tation of 0° degrees was observed. In other patients, bone
fusion was obtained without necessary CT evaluation of
displacement of bone fragments of the occipital condyle
and lack of rotation in the joint C0–1. This, in our opin-
ion, confirms the classifying of OCF Anderson-
Montesano, with OCF instability in type III, which did
not occur in our patients after they had achieved bone
consolidation.
Based on the Neck Disability Index (NDI) results, we

have obtained in our patients an average of 4.33/45
points (2–11) and 9.62% (4.4–24.4).(Tables 2 and 3). It
should be noted that our patients had intermittent CCJ
pain (1.166 points) and headaches (0.833 points) after
ending the treatment. Based on the SF-36 questionnaire,
we obtained an average of 88.62% (47.41–99.44)
(Table 4). However, patients based on the questionnaire
assessed health change in 83.33% and social functioning

in 85.4%, while emotional well-being in 93.33%, energy
fatigue in 92.5%, and physical functioning in 90.83%.

Discussion
The most important finding of this study is that the
Anderson-Montesano and Tuli classifications of OCF
can be used in adolescents during and after puberty, and
these classifications are useful for the treatment for OCF
based on the CCJ. However, we do not make recommen-
dations for the use of these classifications in pre-
adolescent patients due to the lack of such patients in
our patient series and the difficult interpretation based
on the bibliography of pre-adolescent OCF, as it is based
primarily on case reports and often lacks a detailed de-
scription of radiologic studies, including CT and MRI,
making objective radiologic evaluation and subsequent
qualification for the treatment of these patients impos-
sible [5, 10].
OCFs are usually the result of high-energy trauma [4,

11], especially road traffic injuries, as confirmed by our
patient series. It is worth noting that the second cause of
OCFs in our patients was extreme sports accidents. OCF

Table 2 Mean values calculated as the sum of scores (points for
NDI and percent scale for SF-36) divided by the number of
questions (9 for both surveys) of responses of individual
patients in NDI and SF-36 questionnaires

Patient NDI SF-36

Mean individual score Individual summaric
score per 45

Mean [%]

P.P 0.3333333 3 96.94444

K.D 0.3333333 3 90.46667

R.M 1.2222222 11 47.41111

S.D 0.2222222 2 99.44444

B.W 0.5555556 5 98.05556

M.O 0.2222222 2 99.44444

Table 3 Mean values of quantifiers used to respond in the NDI
questionnaire. The last column of the table contains the
number of answers with a non-zero value for the particular
quantifier

Quantifier of the
NDI questionnaire

Mean No. of instances
in the survey

Pain intensity 1.1666667 6

Personal care 0.1666667 1

Lifting 0.1666667 1

Reading 0.5000000 3

Headaches 0.8333333 4

Concentration 0.3333333 2

Work 0.1666667 1

Sleeping 0.8333333 5

Recreation 0.1666667 1

Table 4 Mean values of quantifiers used to respond in the SF-
36 questionnaire

Quantifier of the SF-36 questionnaire Mean [%]

Physical functioning 90.83333

Role limitations due to physical health 87.50000

Role limitations due to emotional problems 88.90000

Energy fatigue 92.50000

Emotional well-being 93.33333

Social functioning 85.41667

Pain 89.16667

General health 86.66667

Health change 83.33333
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can be fatal or often diagnosed post mortem. Bell made
the first description of OCF in 1817 during a post mor-
tem examination [1, 12–14].
In all of our patients, head trauma and cervical spine

injuries were found during the examination in the emer-
gency department. Therefore, one of the examinations
which was performed after admitting our patients was
CT imaging of the head and cervical spine. CT is the
examination of choice in the diagnosis of OCF because
of its excellent imaging of bony structures of the CCJ
[15]. CT’s role as an essential examination in the diagno-
sis of OCF was emphasized by Kruger et al. [4]. Maserati
[9] confirms the necessity of urgent CT of the cervical
spine for OCF diagnosis; however, Bloom [16] also em-
phasizes to focus on the patient’s clinical condition as
well, which, according to the author, has a significant
impact on the time of CT of the CCJ. We also per-
formed CCJ MRI due to OCF in all of our patients
within a 24-h period from admission. Aulino [6], in a
series of 76 patients with OCF, performed MRI in all pa-
tients within 2 weeks, basing the primary diagnosis on
CT of the head and cervical spine performed after injury.
However, Bystrom [17] and Roy [2] point out the possi-
bility of evaluating the ligamentous apparatus in OCF
only basing on the MRI. Tat [18] evaluated the spinal
cord and the soft tissues of the CCJ in pediatric patients
with MRI. He also emphasized the longer examination
time of MRI compared to CT and the possible need for
general anesthesia of the patient.
In our patient’s series, we used CT to evaluate OCF re-

positioning after the halo-vest placement and after
achieving OCF bone fusion. This approach is also con-
firmed by Hanson [3] and Leone [19] using CT in the
final evaluation of OCF treatment.
The authors did not perform radiographic imaging

(XR) because of OCF, because the evaluation of OCF on
the basis of XR is unavailable due to the difficulty in
achieving good PA and lateral projection of the occipital
condyles, primarily because of the overlapping mandible
which covers these elements. The projection through the
“open mouth” is not very useful as well because it only
partially shows the occipital condyles and is difficult to
perform in pediatric patients especially immediately after
trauma [3]. Some authors point out the presence of ac-
companying OCF swelling of the paravertebral soft tis-
sues, but this symptom is difficult to interpret in
objective radiological evaluation [6, 15, 20]. However, he
points out that many authors when presenting OCF in
pediatric patients performed radiographic imaging as the
first test in their patients. Aulino [6] points out conven-
tional cervical spine radiographs were available for re-
view in 60 of the 76 patients. The OCF was not visible
by radiography on any of these patients; although skull
fracture of the cranial base was often observed; however,

direct involvement of the occipital condyle was not vis-
ible. Furthermore, the lack of XR-based OCF classifica-
tions is noteworthy.
Currently, the Anderson-Montesano and Tuli classifi-

cations are commonly used in OCF assessment [1]. An-
derson and Montesano in 1988 [21] divided the OCF
into 3 types according to the mechanism of injury: type
1 arises as a result of an axial force and presents as a
fracture of the condyle without displacement, and it is a
stable fracture; type 2 arises as an extension of the oc-
cipital bone fracture gap, which passes to the skull pos-
ture, results from direct trauma to the skull, and is a
stable fracture as well; and type 3 is an avulsion fracture;
the condyle fragment becomes detached by the alar liga-
ment due to rotational injury and is an unstable fracture.
Tuli, in 1997 [22], presented a new classification noting
that types 1 and 2 according to A/M are treated using
the same method; therefore, this distinction does not
bring new information. Tuli divided OCF into type 1—
stable fracture without displacement—and type 2, which
has subtypes A and B. Type 1 requires no specific treat-
ment, type 2A can be treated with a rigid cervical collar,
and type 2B requires halo or surgical treatment. The cri-
teria for classifying OCF into types 2A/2B are based on
the demonstration of signs of instability of the 0-C1-C2
complex on imaging studies. Type 2A is a displaced frac-
ture without signs of 0-C1-C2 instability; type 2B con-
tains at least one instability criteria. CT scan and/or X-
ray criteria of 0-C1-C2 instability: >8° of axial rotation of
O-Cl to one side, >1 mm of O-Cl translation, > 7 mm of
the overhang of Cl on C2, >45° of axial rotation of C1-
C2 to one side, > 4 mm of C1-C2 translation, <13 mm
distance between the posterior body of C2 to the poster-
ior ring of Cl, and avulsed transverse ligament with MR
evidence of ligamentous disruption.
Mueller [8] in 2011 proposed his own classification of

OCF in which he distinguished 3 types: type 1 is unilat-
eral OCF without atlanto-occipital dislocation (AOD),
type 2 meaning bilateral OCF without AOD, and type 3
which is unilateral or bilateral OCF with AOD. This
classification has not been more widely used in the treat-
ment planned for OCFs.
It should be noted that the CCJ is often functionally

evaluated as one mobile complex, which is included in
the Tuli classification. The CCJ consists of the paired
atlanto-occipital joints, the anterior and posterior me-
dian atlanto-odontoid joints, and the paired atlanto-axial
joints [19]. The cranio-cervical ligamentous anatomy can
be divided into two groups meaning the intrinsic and ex-
trinsic ligaments [12]. The extrinsic ligaments consist of
the anterior and posterior atlanto-occipital ligaments,
the articular capsule ligaments, and 2 lateral atlanto-
occipital ligaments. The intrinsic ligaments, which lie
within the spinal canal provide most of the ligamentous
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stability. From anterior to posterior, they are the odont-
oid ligaments (alar and apical), the longitudinal band of
the cruciate ligament, and the tectorial membrane.
Cranio-cervical flexion is limited by the bone anatomy,
while the tectorial membrane limits the extension. The
contralateral alar ligaments restrict rotation and lateral
flexion, and distraction is limited by the tectorial and
alar ligaments [13].
Therefore, according to the Anderson-Montesano

classification, we believe that the mechanism of fracture
in our patients classified in type I Anderson-Montesano
classification was flexion. In contrast, in type III, it was a
rotational mechanism with lateral flexion, as confirmed
by Hanson [3]. Simultaneously on MRI in our OCF pa-
tients, we have not observed any type I Anderson-
Montesano injury to the tectorial membrane and type III
injury to the tectorial and alar ligaments. The authors
agree with Tuli [22] that the C0–2 complex should be
treated homogeneously in the assessment of OCF stabil-
ity, as confirmed by our patient R.M., whose OCF was
accompanied by a C1 fracture. This resulted (despite
a type I OCF according to the Anderson-Montesano
classification) in the patient’s qualification for treat-
ment with the halo-vest according to Tuli’s type IIB
fracture assessment. In contrast, evaluation of the
C0–2 ligamentous apparatus in patients with OCF
showed no traumatic damage except for avulsion frac-
tures of the OCF.
While evaluating the outcomes of OCF in our patients

based on the Anderson-Montesano and Tuli classifica-
tions, in our group of patients, the mean age was 15.8
years. We have tried to evaluate the use of these classifi-
cations in OCF in other authors’ research as well, espe-
cially in preadolescent patients. Although the youngest
patient with OCF based on the bibliography was 7
months old [16], most of the descriptions of patients
under 12 years of age were case reports [4, 10, 19, 23,
24], and they did not explicitly refer to the growth of the
child during this period of life.
Nevertheless, the linear growth in childhood proceeds

from birth to adolescence, with various intensities de-
pending on the period of life. After the growth, spurt re-
lated to puberty, the height velocity decelerates and
almost ceases due to epiphyseal fusion, typically at the
skeletal age of 15 years in girls and 17 years in boys.
However, the complete cessation of the growth, defined
as four successive 6-monthly increments, each less than
0.5 cm, occurs at the age of 18.5 years in girls and 19.5
years in boys [25]. The length of the leg after the epi-
physeal fusion is stable, but the small increment is still
observed in sitting height, meaning that for the last
couple centimeters of height increase, the increase in
spinal cord length is responsible [26, 27]. Also the mor-
phometric parameters of the cranio-cervical junction

change during the whole childhood [28]. As Bapuraj
et al. showed, the evolution of the cranio-cervical junc-
tion does not stop with the intense growth cessation, but
proceeds to the age of 18 years, as the spinal cord is still
growing. However, these morphological changes related
to age do not lead to major changes in anatomical pro-
portions of the junction and do not generate the need
for the new classification formulation of occipital con-
dyle fractures in children. It seems that the classification
used for the adult can be suitable for adolescents’ occipi-
tal condyle fractures.
In summary, based on our series of pediatric patients

with OCF, we did not observe differences and difficulties
when evaluating OCF and qualifying for conservative or
surgical treatment. And thus, we found no need to mod-
ify the Anderson-Montesano and Tuli classifications in
pediatric patients treated for OCF.

Limitation
Our pediatric patient’s group treated for OCF is not
large (6 patients), and the patients are above 14 years of
age. Different treatment modalities were also applied to
those patients, based on the subjective assessment of
OCF stability performed by the team of radiologists and
orthopedists.

Conclusion

1. The Anderson-Montesano and Tuli’s classifications
of OCF can be used to assess the stability of OCFs
in adolescents, but both classifications should be
used simultaneously.

2. CT and MR imaging should be used in diagnosing
OCFs, whereas CT allows assessing therapeutic
outcomes in OCFs.

Abbreviation
OCF: Occipital condyle fracture; CCJ: Cranio-cervical junction; CT: Computed
tomography; MRI: Magnetic resonance imaging; AOD: Atlanto-occipital
dislocation

Acknowledgements
The authors have no acknowledgments. The authors have nothing to
disclose.

Authors’ contributions
Ryszard Tomaszewski and Jacek Kler designed the study. Ryszard
Tomaszewski, Jacek Kler, and Karol Pethe collected the data. Ryszard
Tomaszewski and Jacek Kler analyzed and interpreted the data. Ryszard
Tomaszewski, Jacek Kler, Karol Pethe, and Agnieszka Zachurzok prepared and
edited the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable

Availability of data and materials
Data and materials are available in Upper Silesian Child Centre in Katowice,
Poland

Tomaszewski et al. Journal of Orthopaedic Surgery and Research          (2021) 16:449 Page 6 of 7



Declarations

Ethics approval and consent to participate
Ethical approval (PCN/022/KB/11/21) was waived by the local Ethics
Committee of Silesian Medical University in Katowice (Poland) due to the
retrospective nature of the study, and all the procedures being performed
were part of the routine care. The consent obtained from study participants
was written.

Consent for publication
The authors declare that they agree to the publication.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Pediatric Traumatology and Orthopedy, Upper Silesian Child
Centre in Katowice, 40-752 Katowice ul. Medyków, 16 Katowice, Poland.
2Faculty of Science and Technology, Institute of Biomedical Engineering,
University of Silesia, Katowice, Poland. 3Department of Pediatrics and
Pediatric Endocrinology, School of Medicine in Katowice, Medical University
of Silesia, Katowice, Poland.

Received: 18 March 2021 Accepted: 6 May 2021

References
1. Caroli E, Rocchi G, Orlando ER, Delfini R. Occipital condyle fractures: report

of five cases and literature review. Eur Spine J. 2005;14(5):487–92. https://
doi.org/10.1007/s00586-004-0832-z.

2. Roy AK, Miller BA, Holland CM, Fountain AJ Jr, Pradilla G, Ahmad FU.
Magnetic resonance imaging of traumatic injury to the craniovertebral
junction: a case-based review. Neurosurg Focus FOC. 2015;38(4):E3.
Retrieved Jan 26, 2021. https://doi.org/10.3171/2015.1.FOCUS14785.

3. Hanson JA, Deliganis AV, Baxter AB, Cohen WA, Linnau KF, Wilson AJ,
Mann FA. Radiologic and clinical spectrum of occipital condyle fractures:
retrospective review of 107 consecutive fractures in 95 patients. AJR Am J
Roentgenol. 2002;178(5):1261–8. https://doi.org/10.2214/ajr.178.5.1781261.
PMID: 11959743.

4. Krüger A, Oberkircher L, Frangen T, Ruchholtz S, Kühne C, Junge A.
Fractures of the occipital condyle clinical spectrum and course in eight
patients. J Craniovertebr Junction Spine. 2013;4(2):49–55. https://doi.org/1
0.4103/0974-8237.128525. PMID: 24744561; PMCID: PMC3980555.

5. Malham GM, Ackland HM, Jones R, Williamson OD, Varma DK. Occipital
condyle fractures: incidence and clinical follow-up at a level 1 trauma
centre. Emerg Radiol. 2009;16(4):291–7. https://doi.org/10.1007/s10140-008-
0789-z. Epub 2009 Feb 3. PMID: 19189141.

6. Aulino JM, Tutt LK, Kaye JJ, Smith PW, Morris JA Jr. Occipital condyle
fractures: clinical presentation and imaging findings in 76 patients. Emerg
Radiol. 2005;11(6):342–7. https://doi.org/10.1007/s10140-005-0425-0. Epub
2005 Jul 15. PMID: 16344975.

7. Musbahi O, Khan AHA, Anwar MO, Chaudery H, Ali AM, Montgomery AS.
Immobilisation in occipital condyle fractures: a systematic review. Clin
Neurol Neurosurg. 2018;173:130–9. https://doi.org/10.1016/j.clineuro.2018.08.
013. Epub 2018 Aug 9. PMID: 30125835.

8. Mueller FJ, Fuechtmeier B, Kinner B, Rosskopf M, Neumann C, Nerlich M,
et al. Occipital condyle fractures. Prospective follow-up of 31 cases within 5
years at a level 1 trauma centre. Eur Spine J. 2012;21(2):289–94. https://doi.
org/10.1007/s00586-011-1963-7. Epub 2011 Aug 11. PMID: 21833573; PMCID:
PMC3265598.

9. Maserati MB, Stephens B, Zohny Z, Lee JY, Kanter AS, Spiro RM, et al.
Occipital condyle fractures: clinical decision rule and surgical management.
J Neurosurg Spine. 2009;11(4):388–95. https://doi.org/10.3171/2009.5.
SPINE08866. PMID: 19929333.

10. Strehle EM, Tolinov V. Occipital condylar fractures in children: rare or
underdiagnosed? Dentomaxillofac Radiol. 2012;41(2):175–6. https://doi.org/1
0.1259/dmfr/59348986. Epub 2011 Nov 10. PMID: 22074864; PMCID:
PMC3520380.

11. Borowska-Solonynko A, Prokopowicz V, Samojłowicz D, Brzozowska M,
Żyłkowski J, Lombarski L. Isolated condylar fractures diagnosed by post
mortem computed tomography. Forensic Sci Med Pathol. 2019;15(2):218–

23. https://doi.org/10.1007/s12024-019-00104-7. Epub 2019 Mar 12. PMID:
30859375; PMCID: PMC6505491.

12. Karam YR, Traynelis VC. Occipital condyle fractures. Neurosurgery. 2010;66(3
Suppl):56–9. https://doi.org/10.1227/01.NEU.0000365751.84075.66. PMID:
20173528.

13. Alcelik I, Manik KS, Sian PS, Khoshneviszadeh SE. Occipital condylar fractures.
Review of the literature and case report. J Bone Joint Surg (Br). 2006;88(5):
665–9. https://doi.org/10.1302/0301-620X.88B5.16598. PMID: 16645117.

14. Bulthuis VJ, Cornips EMJ, Dings J, van Santbrink H, Postma AA. Unexpected
death after occipital condylar fracture. Acta Neurochir. 2017;159(6):1163–6.
https://doi.org/10.1007/s00701-017-3165-5. Epub 2017 Apr 21. PMID:
28432520; PMCID: PMC5425500.

15. Occipital condyle fractures. Neurosurgery 50(3 Suppl):S114-9. https://doi.
org/10.1097/00006123-200203001-00019. PMID: 12431295.

16. Bloom AI, Neeman Z, Floman Y, Gomori J, Bar-Ziv J. Occipital condyle
fracture and ligament injury: imaging by CT. Pediatr Radiol. 1996;26(11):786–
90. https://doi.org/10.1007/BF01396202. PMID: 8929378.

17. Byström O, Jensen TS, Poulsen FR. Outcome of conservatively treated
occipital condylar fractures - a retrospective study. J Craniovertebr Junction
Spine. 2017;8(4):322–7. https://doi.org/10.4103/jcvjs.JCVJS_97_17. PMID:
29403243; PMCID: PMC5763588.

18. Tat ST, Mejia MJ, Freishtat RJ. Imaging, clearance, and controversies in
pediatric cervical spine trauma. Pediatr Emerg Care. 2014;30(12):911–5; quiz
916-8. https://doi.org/10.1097/PEC.0000000000000298. PMID: 25469605.

19. Leone A, Cerase A, Colosimo C, Lauro L, Puca A. Marano P. Occipital
condylar fractures: a review. Radiology. 2000;216(3):635–44. https://doi.org/1
0.1148/radiology.216.3.r00se23635. PMID: 10966689.

20. Kelly A, Parrish R. Fracture of the occipital condyle: the forgotten part of the
neck. J Accid Emerg Med. 2000;17(3):220–1. https://doi.org/10.1136/emj.1
7.3.220. PMID: 10819391; PMCID: PMC1725384.

21. Anderson PA, Montesano PX. Morphology and treatment of occipital
condyle fractures. Spine (Phila Pa 1976). 1988;13(7):731–6. https://doi.org/1
0.1097/00007632-198807000-00004. PMID: 3194779.

22. Tuli S, Tator CH, Fehlings MG, Mackay M. Occipital condyle fractures.
Neurosurgery. 1997;41(2):368–76; discussion 376-7. https://doi.org/10.1097/
00006123-199708000-00006. PMID: 9257304.

23. Kapapa T, Tschan CA, König K, Schlesinger A, Haubitz B, Becker H, Zumkeller
M, Eckhard R. Fracture of the occipital condyle caused by minor trauma in
child. J Pediatr Surg. 2006;41(10):1774–6. https://doi.org/10.1016/j.jpedsurg.2
006.05.036. PMID: 17011288.

24. Bloom AI, Neeman Z, Slasky BS, Floman Y, Milgrom M, Rivkind A, Bar-Ziv J.
Fracture of the occipital condyles and associated craniocervical ligament
injury: incidence, CT imaging and implications. Clin Radiol. 1997;52(3):198–
202. https://doi.org/10.1016/s0009-9260(97)80273-5. PMID:9091254.

25. Growth after adolescence. Nutr Rev. 1973;31(10):314-315. https://doi.org/1
0.1111/j.1753-4887.1973.tb07033.x.

26. Fredriks AM, van Buuren S, van Heel WJ, Dijkman-Neerincx RH, Verloove-
Vanhorick SP, Wit JM. Nationwide age references for sitting height, leg
length, and sitting height/height ratio, and their diagnostic value for
disproportionate growth disorders. Arch Dis Child. 2005;90(8):807–12.
https://doi.org/10.1136/adc.2004.050799.

27. Gerver WJ, De Bruin R. Relationship between height, sitting height and
subischial leg length in Dutch children: presentation of normal values.
Acta Paediatr. 1995;84(5):532–5. https://doi.org/10.1111/j.1651-2227.1995.
tb13688.x.

28. Bapuraj JR, Bruzek AK, Tarpeh JK, Pelissier L, Garton HJL, Anderson RCE, et al.
Morphometric changes at the craniocervical junction during childhood. J
Neurosurg Pediatr. 2019;21(3):1–9. https://doi.org/10.3171/2019.4.PEDS1968.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tomaszewski et al. Journal of Orthopaedic Surgery and Research          (2021) 16:449 Page 7 of 7

https://doi.org/10.1007/s00586-004-0832-z
https://doi.org/10.1007/s00586-004-0832-z
https://doi.org/10.3171/2015.1.FOCUS14785
https://doi.org/10.2214/ajr.178.5.1781261
https://doi.org/10.4103/0974-8237.128525
https://doi.org/10.4103/0974-8237.128525
https://doi.org/10.1007/s10140-008-0789-z
https://doi.org/10.1007/s10140-008-0789-z
https://doi.org/10.1007/s10140-005-0425-0
https://doi.org/10.1016/j.clineuro.2018.08.013
https://doi.org/10.1016/j.clineuro.2018.08.013
https://doi.org/10.1007/s00586-011-1963-7
https://doi.org/10.1007/s00586-011-1963-7
https://doi.org/10.3171/2009.5.SPINE08866
https://doi.org/10.3171/2009.5.SPINE08866
https://doi.org/10.1259/dmfr/59348986
https://doi.org/10.1259/dmfr/59348986
https://doi.org/10.1007/s12024-019-00104-7
https://doi.org/10.1227/01.NEU.0000365751.84075.66
https://doi.org/10.1302/0301-620X.88B5.16598
https://doi.org/10.1007/s00701-017-3165-5
https://doi.org/10.1097/00006123-200203001-00019
https://doi.org/10.1097/00006123-200203001-00019
https://doi.org/10.1007/BF01396202
https://doi.org/10.4103/jcvjs.JCVJS_97_17
https://doi.org/10.1097/PEC.0000000000000298
https://doi.org/10.1148/radiology.216.3.r00se23635
https://doi.org/10.1148/radiology.216.3.r00se23635
https://doi.org/10.1136/emj.17.3.220
https://doi.org/10.1136/emj.17.3.220
https://doi.org/10.1097/00007632-198807000-00004
https://doi.org/10.1097/00007632-198807000-00004
https://doi.org/10.1097/00006123-199708000-00006
https://doi.org/10.1097/00006123-199708000-00006
https://doi.org/10.1016/j.jpedsurg.2006.05.036
https://doi.org/10.1016/j.jpedsurg.2006.05.036
https://doi.org/10.1016/s0009-9260(97)80273-5
https://doi.org/10.1111/j.1753-4887.1973.tb07033.x
https://doi.org/10.1111/j.1753-4887.1973.tb07033.x
https://doi.org/10.1136/adc.2004.050799
https://doi.org/10.1111/j.1651-2227.1995.tb13688.x
https://doi.org/10.1111/j.1651-2227.1995.tb13688.x
https://doi.org/10.3171/2019.4.PEDS1968

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Results
	Discussion
	Limitation

	Conclusion
	Abbreviation
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

