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Abstract
Objectives The aim of this study was to provide epidemiological data of pediatric patients suffering from cervical spinal 
trauma in Germany, in order to integrate these data in future decision-making processes concerning diagnosis and therapy.
Materials and Methods Retrospective multicenter study includes all patients up to 16 years suffering from cervical spine 
injuries who were treated in six German spine centers between 01/2010 and 12/2016. The clinical databases were screened 
for specific trauma mechanism, level of injury as well as accompanying injuries. Diagnostic imaging and the chosen therapy 
were analyzed. Patients were divided into three age groups for further evaluation: age group I (0–6 years), age group II 
(7–9 years), age group III (10–16 years).
Results A total of 214 children with 265 cervical spine injuries were included during the mentioned period. The mean age 
at the time of injury was 11.9 (± 3.9) years. In age group I, 24 (11.2%) patients were included, age group II consisted of 
22 patients (10.3%), and 168 patients belonged to age group III (78.5%). Girls and boys were equally affected. In all age 
groups, falls and traffic accidents were the most common causes of cervical spine injuries. A total of 180 patients (84.1%) 
were treated conservatively, while 34 (15.9%) children underwent surgery. Distorsion/whiplash injury was the most common 
entity (n = 165; 68.2%). Children aged 0–9 years had significantly (p < 0.001) more frequent injuries of the upper cervical 
spine (C0-C2) compared to older age groups. Patients of age group III were more likely to suffer from injuries in subaxial 
localizations. Neurological deficits were rarely seen in all age groups. Head injuries did represent the most common accom-
panying injuries (39.8%, n = 92).
Conclusions The upper cervical spine was more frequently affected in young children. Older children more often suffered 
from subaxial pathologies. The majority of cervical spinal column injuries were treated conservatively. Nevertheless, 15% 
of the hospitalized children had to be treated surgically.
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Introduction

Pediatric patients with cervical spinal column injuries are 
a rarity in everyday clinical practice. This notion can be 
confirmed by the international literature, where the propor-
tion of children with spinal column injuries compared to 
the overall number of injured children is described to range 
from 1 to 4% [2, 7, 9].

Most of the epidemiological data originate from the 
Anglo-American region, and the analysis of the incidences 
of spinal column injuries in adults shows considerable 
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regional differences, as confirmed by a recent meta-analysis 
[9].

Thus, the aim of this study was to provide epidemiologi-
cal data of pediatric patients suffering from cervical spinal 
trauma in Germany using a multicentric approach, in order 
to integrate these data in future decision-making processes 
for diagnosis and therapy.

Methods

At each center the present retrospective multicenter study 
was approved by the local ethics committee. The approval 
for the main study center was granted by the Ethics Com-
mittee of the State Medical Association of Rheinland-Pfalz 
(file number: 837.295.17).

The retrospective analysis included all patients up to 
16 years of age, who were initially admitted to one of six 
study centers as inpatients due to a spinal column injury 
between January 2010 and December 2016.

An anonymous evaluation of the patients' demographic 
data was performed. In addition, the accident mechanism, 
concomitant injuries, the imaging diagnostics conducted, 
the injury level, the therapy performed and the duration of 
inpatient treatment were evaluated.

The trauma mechanism was recorded out of the medical 
chart and assigned:

• fall < 3 m
• fall > 3 m
• car accident
• bicycle accident
• sports accidents
• equestrian sports
• jump in shallow water
• others

Patients were divided into three age groups using the 
classification proposed by Meinig et al. [14]: age group 
I (0–6  years), age group II (7–9  years), age group III 
(10–16 years).

The statistical analysis was performed using SPSS Sta-
tistics (IBM, Version 23, New York, USA). In addition to 
the descriptive statistics, a correlation analysis according 
to Spearman and a group analysis was performed using the 
Student's t test. The significance level was set at p ≤ 0.05.

Results

A total of 214 children with 265 cervical spine injuries 
were included. The mean age at the time of injury was 11.9 
(± 3.7) years. A total of 24 (11.2%) pediatric patients were 

included in the age group I, 22 (10.3%) in age group II and 
168 patients (78.5%) in age group III (Fig. 1).

A total of 179 patients (83.6%) were treated conserva-
tively, whereas 34 (16.4%) children were treated surgically.

Gender distribution

Gender distribution of the mentioned population was bal-
anced (female n = 106, 49.5%; male n = 108; 50.5%).

Accident mechanism

Figure 2 displays the distribution of the observed accident 
mechanisms. Traffic accidents were the most common acci-
dent mechanism (n = 59; 27.6%), followed by sport accidents 
(n = 57; 26.6%) and fall from height lower than 3 m (n = 43; 
20.1%).

Diagnostics

Conventional radiographs were performed in 172 (80.4%) 
patients. A total of 99 (46.3%) children and adolescents 
received a magnet resonance image (MRI). All over 74 
(34.6%) patients received a computed tomography (CT). 
Dynamic fluoroscopic examination was performed in a 
minority of 31 (14.5%) children (Fig. 3).

An MRI with anesthesia was necessary in 2 patients of 
the age group I (32%), in one patient of age group II (4.5%), 
and in four patients of age group III (2.4%), respectively.

An expectable significant correlation between age dis-
tribution and diagnostics was found: the older the patients, 
the more frequently a CT (r = 0.202; p = 0.001) as well as 
conventional radiograph (r = 0.086; p = 0.430) was used for 
diagnostic imaging. MRI (r = –0.178; p = 0.001) or fluor-
oscopy (r = –0.168; p = 0.001) was significantly more fre-
quently performed in younger patients.
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Fig. 1  Age group distribution of the multicentric cohort in total num-
bers (age group I (0–6 years), age group II (7–9 years) age group III 
(10–16 years))
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Accompanying injuries

A total of 231 concomitant injuries were observed. Head 
injuries dominated in the mentioned cohort (n = 92, 
39.8%), followed by injuries of the extremities (n = 21, 
9.1%), the chest (n = 14, 6.1%), the pelvis (n = 9, 3.9%) 
and the abdomen (n = 6, 2.6%). A second spinal injury 
located at the thoracolumbar spine was found in one of 
the cases (Fig. 4).

ISS (Injury severity score)

Seven (3.7%) patients had an IS score of at least 16 repre-
senting severe polytraumatized patients. All of these patients 
did belong to age group III.

Fig. 2  Distribution of accident 
mechanism (data given in abso-
lute numbers)
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Fig. 3  Distribution of the diag-
nostics used in the patients (data 
given in absolute numbers)
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Location of injuries

The majority of the patients suffered from a whiplash injury 
(n = 165, 77.1%). Hereby, no specific damaged area of the 
cervical spine could be defined.

In the upper cervical spine (C0-2) 32 injuries were found 
(14.6%), while 49 (22.9%) were located at the subaxial cer-
vical spine (Fig. 5).

Classification

Figure 6 shows the different injuries regarding the classi-
fications. Table 1 shows the specific categorization of the 
atlantoaxial instabilities.

Subaxial type A fractures (according to the AO Spine 
Classification [23]) were seen in 10 cases (17%) and type B 
fractures in 10 cases (17%). Type C fractures were found in 
6 patients (10.2%). All of these injuries occurred in patients 
of age group III (Fig. 6).

Neurological deficits

Neurological deficits were rarely found. According to the 
ASIA classification, 199 patients were classified grade E 
(92.9%), 6 patients were classified grade D (2.8%), 2 patients 
(0.9%) were classified grade C, and 2 patients (0.9%) were 
classified grade B (all in age Group III). Complete paraple-
gia (grade A) was documented in 6 patients (2.8%; group I: 
n = 2; group II: n = 1; group III: n = 3). With an increasing 
severity grade of the spinal injury, the degree of concomi-
tant neurological deficit also rises (r = 0.351; p = 0.001). As 
expected, patients with neurological deficits demonstrated 
longer overall hospital stay (p = 0.001, r = 0.388).

Therapy

In the total cohort, 180 (84.1%) patients were treated con-
servatively, while 34 (15.8%) children received surgical 
treatment of overall 44 spinal injuries.

Surgical therapy was carried out using different 
approaches and stabilization techniques (Table 2).

Hospitalization

The mean hospital stay was 11.5 (r.: 1–180) days. Surgical 
therapy (p < 0.001), injury severity (p < 0.001), the presence 
of neurological deficits (r = 0.388; p < 0.001) as well as the 
presence of relevant concomitant injuries (p < 0.001) led to 
a significantly longer hospitalization period.

Complications

The majority of the patients showed no complications during 
the hospital stay (94.4%). Seven patients showed implant 
failure or complications related to surgery or a dislocation 
with the need of revision (23.5%). Two patients suffered 
from pneumonia. One 16-year old polytraumatized patient 
with a type II- odontoid fracture died 14 days following 
trauma due to severe head injury. A significant correlation 
was seen between accompanying injuries and pneumoniae 
occurrence (p = 0.001).
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Fig. 5  Location of injury (data given in absolute numbers)
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Fig. 6  Classification of the injuries. AOI: atlantooccipital instability; 
AAI: atlantoaxial instability; Gehweiler: classification of C1 fractures 
[10]; odontoid fractures regarding to Anderson/D`Alonzo [1]; AO 
Spine Classification [22]

Table 1  Specific classification of the 6 cases of atlantoaxial instabili-
ties [6, 9]

Classification of AAI Age group

Fielding type 1 I
Fielding type 1 I
Caffiniere type 2 I
Caffiniere type I
Fielding type 2 II
Fielding type 2 III
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Table 2  Data of the 34 operated patients (ASIA: American Spinal Injury Association; ACDF: anterior cervical discectomy and fusion; ACCF: 
anterior cervical corpectomy and fusion)

Age Age group Sex Accident ASIA Imaging Level of injury Diagnosis Therapy Complication

2 I w Traffic E X-ray, dynamic 
X-ray, MRI, CT

C1/2 Epiphysiolysis 
C2, atlantoaxial 
instability

Halo

4 I w Fall < 3 m E X-ray, dynamic 
X-ray, MRI, CT

C1/2 Epiphysiolysis 
C2, atlantoaxial 
instability

Posterior stability

3 I w Traffic E X-ray, MRI, CT C1/2 Atlantoaxial 
instability

Posterior Stabil-
ity, Halo

Meningitis postop-
erative

5 I w Sport E X-ray, dynamic 
X-ray, CT, MRI

C1/2 Atlantoaxial 
instability

Posterior Stabil-
ity, Halo

Material failure

2 I w Traffic E X-ray, dynamic 
X-ray, MRI, CT

C2 Epiphysiolysis C2 Halo Dislocation of Halo

6 II m Sport E X-ray, dynamic 
X-ray, MRI, CT

C0/1, Atlas Atlantooccipital 
instability, 
Gehweiler III

Halo

7 II m Traffic A X-ray, dynamic 
X-ray, CT, MRI

C1/2 Atlantoaxial 
instability

Posterior stability Material failure

9 II m Horse riding E X-ray, CT C2 Anderson II Halo Material failure
9 II w Jump water E X-ray, dynamic 

X-ray, CT, MRI
C2 Anderson III Halo

10 III m Traffic E X-ray C1/2 Atlantoaxial 
instability

Halo

15 III m Sport E X-ray, CT C1, C3, C2/3, 3/4 Gehweiler 
I,A3,B2

Posterior 
stability,ACCF

16 III m Bicycle E X-ray, CT C2 Anderson II Anterior Lag 
screw

16 III m Fall < 3 m E X-ray, CT C2 Anderson II Anterior Lag 
screw

14 III m Jump water A X-ray, MRI, CT C2 Anderson II Anterior Lag 
screw

12 III m Traffic E X-ray, dynamic 
X-ray, CT, MRI

C2 Anderson II posterior Stability

16 III w Traffic D X-ray, dynamic 
X-ray, MRI, CT

C2, C7 Anderson II, A4 Posterior Spondy-
lodesis, ACCF, 
Halo, anterior 
lag screw

14 III m Jump water E X-ray, dynamic 
X-ray, MRI, CT

C2/3 B2 Halo Material failure

13 III m Bicycle E X-ray, dynamic 
X-ray, MRI, CT

C2/3 B2 Halo

16 III m Traffic B X-ray, dynamic 
X-ray, CT, MRI

C3, C4 A1, A3 ACDF

16 III m Jump water E X-ray, dynamic 
X-ray, CT, MRI

C4 B2 ACDF

12 III w Sport E X-ray, dynamic 
X-ray, MRI, CT

C4/5 B2 Posterior stability Material failure

15 III m Fall < 3 m C X-ray C4/5 C ACCF
14 III m Sport E X-ray, dynamic 

X-ray, MRI
C4/5 B2 Posterior Spondy-

lodesis, Decom-
pression

Material failure

15 III w Bicycle E dynamic X-ray, 
MRI, CT

C5 A4 ACCF

15 III m Jump water A X-ray, MRI, CT C5 Fracture A4 ACCF
15 III m Traffic B X-ray, CT C5 Fracture A4 ACCF
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Discussion

The present multicenter study represents the largest patient 
cohort from German-speaking countries including 214 chil-
dren with cervical spine injuries. Children of younger age 
were significantly more often affected at the upper cervical 
spine, while older children and adolescents did more often 
suffer from subaxial lesions. High and moderate impact inju-
ries are the major trauma-inducing causes.

Above 80% of young patients presenting with cervical 
spinal column injuries were treated conservatively. In turn, 
surgery rarely had to be indicated and the performed surgical 
procedures were quite heterogeneous, partially reflecting a 
lack of standardization and missing algorithms.

The average age of the included patients in the current 
study was 11.9 years and thereby comparable to the results 
of Leonard et al. [13], while Platzer et al. [17] analyzed a 
younger cohort with an average age of 8.9 years. Very het-
erogeneous ratios, ranging from 0.6: 1 to 7.0: 1, are reported 
in the literature [15, 18], while in the present study a homo-
geneous gender distribution was found.

The main trauma mechanisms were shown to be age 
related. In the case of newborns, obstetric complications 
were the major contributing factor. In older ages falls from 
larger heights (> 1 m) did dominate. Like in our cohort 
high impact injuries, e.g., traffic accidents, are frequently 
described as a cause of cervical spine injuries [7].

There are also reports that around 19% of infants/toddlers 
suffered non-accidental trauma such as child abuse [16]. 
This could not be confirmed by our data, but according to 
a recent study, the incidence of child abuse in the presence 
of cervical spine injury is profoundly underestimated [2].

Upper cervical spine injuries are more common in the age 
of 0–8 years due to the unique anatomy of this population 
[21]. The overproportional large head size related to the rest 
of the body, the weak paraspinal muscles, lax ligaments, the 
horizontalization of the facet joints and anterior wedging of 
their vertebral bodies contribute to a higher likelihood of 

upper cervical trauma with a fulcrum of motion centered 
at C1 and C2. This constellation results in high torque and 
shear forces acting on C1 and C2, making this area more 
susceptible to injury. Furthermore, younger children with 
non-ossified synchondrosis of the dens axis are predisposed 
for injuries in this area due to asymmetry of the joint sur-
faces [14].

According to our data among adolescents’ sports and traf-
fic accidents are the predominant cause of spinal column 
injuries, with motor sports injuries being the leading cause 
[5, 16, 20, 23].

Regarding to the literature, craniocerebral trauma and 
thoracic trauma are the most frequent concomitant injuries 
[12]. A total of 231 additional injuries were observed in this 
study with head injuries as the most common in 40% of the 
patients.

Depending on the underlying trauma mechanisms the 
occurrence of further spinal injuries in additional spinal 
localizations is quite high, with a combination of cervical 
and thoracic spine injuries, being the most common [17]. 
This could not be confirmed in the present study. Only one 
patient (0.93%) showed an additional spinal injury in another 
spinal segment. Combined injuries (multisegmental) of the 
cervical spine occurred in 8 patients. All of them had to 
undergo surgical therapy. Nevertheless only 99 (46.3%) 
patient received MRI; therefore, it is possible that there were 
more undetected injuries.

Analysis of the diagnostics showed that more than two-
thirds of the children were exposed to radiation exposure 
induced by X-ray (80.4%).

CT imaging is recommended in the case of inadequate 
conventional imaging [21]. In our study, 34.6% of patients 
received a CT scan, in the surgical group even (91%; n = 34) 
for the purpose of preoperative planning.

While CT imaging is associated with higher specifici-
ties for identifying cervical spine injuries, most physicians 
are cautious about the use in a pediatric population due to 
the long-term risks of ionizing radiation [3]. Nevertheless, 

Table 2  (continued)

Age Age group Sex Accident ASIA Imaging Level of injury Diagnosis Therapy Complication

16 III m Jump water E X-ray, MRI C5 A4 ACDF
13 III m Jump water E X-ray, MRI, CT C5/6 C ACDF
16 III w Jump water E dynamic X-ray, 

MR, CT
C6 C Posterior stabil-

ity, Decompres-
sion

16 III m Traffic E X-ray, MRI, CT C6/7 C ACDF
13 III m Sport E X-ray, CT C6/7 B2, A3, A2 ACDF
11 III w Traffic E X-ray, dynamic 

X-ray, MRI, CT
C6/7 B2 ACDF

15 III m Fall > 3 m E X-ray, MRI, CT C6/7 C ACDF
16 III m Jump water A X-ray C6/7 A2, B2 ACDF
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CT still seems to be indicated and remains the golden 
standard in cases of polytraumatized children. MRI, like 
a CT scan, presents with a high specificity in assessing 
cervical spine injuries. In contrast to the current literature 
the need of sedation was unexpectedly small (3.3%; n = 15) 
in our series [16].

The proportion of spinal column injuries in the grow-
ing age with accompanying neurological deficits in the 
literature presents with a wide range from 2.5% up to 35% 
[4, 18, 19].

Overall, neurological deficits in children are more 
common in cervical spine injuries, but are inconsistently 
reported in the literature. For example, only about 2–8% of 
all paraplegics affect children [23]. Neurological deficits 
were also rare in our own group of patients.

With a more severe spinal injury, the degree of neuro-
logical deficit rises (r = 0.351; p < 0.001). With a rising 
age, higher grades of neurological deficits were evident. 
Nevertheless, there might be an uncertain number of 
patients with lethal injuries and severe neurological defi-
cits, who died before arrival in the emergency department.

Several studies have shown good recovery with incom-
plete lesions having the best prognosis [5, 15,220 23, 24]. 
This notion can be underlined by the results in this study 
since all incomplete neurological deficits did show an 
improvement during the hospital stay. Ribeiro et al. [19] 
demonstrated in 41% of their patients that complete or 
substantial recovery is possible after severe spinal cord 
injuries in children.

The main indication for surgical treatment in the litera-
ture is instability with and without neurological deficit. In 
the present cohort, 34 (15.8%) children underwent surgical 
treatment.

These results are comparable to a study published by 
Carreon et  al. where 18% of children and adolescents 
underwent surgery [4].

Surgical therapy used for spinal fixation in the presented 
series was carried out using various surgical approaches 
and techniques.

As recommended in the literature [14], Halo fixation 
was used in 10 younger patients with instabilities of the 
upper cervical spine; in three patients, it was used initially 
until the definitive stabilization was performed.

Some authors raised concerns with the use of a Halo 
fixation regarding complications as pin site infections, 
dural penetration, pin loosening or supra orbital nerve 
injury [8, 17].

In the patients of the present study, pin loosening or 
loss of reduction was seen in 4 patients (40%).

As described in the literature, the operative therapy of 
adolescents in our cohort (age group III) is comparable to 
the operative therapy in adults [14].

The majority of the patients showed no complications in 
the inpatient stay (94.4%); a number of 8 patients showed 
implant failure or complications related to the operation 
or a dislocation with a revision surgery (3.7%). However, 
assuming the number of 34 operated children the percentage 
of complications remains relatively high (n = 8/34, 23.5%) 
underlining the complexity of these operations.

The present study has several limitations. The retrospec-
tive study design naturally limits the analysis, as an evalua-
tion of the treatment results is not possible. Due to the rarity 
of the injuries, it was impossible to generate a sufficiently 
large number of cases to carry out reasonable statistical sub-
group analyses of the individual injury levels, types of injury 
in relation to patient age.

Therefore, only a limited number of conclusions could be 
drawn about different diagnostic strategies, surgical indica-
tion, approaches and surgical techniques, the outcome and 
follow up, which influenced the recent published recommen-
dation of the study group of this work [14].

Nevertheless, there is a lack of evidence-based standard-
ized diagnostics and treatment algorithms, both nationally 
and internationally. Prospective data acquisition has to be 
recommended to overcome the described difficulties in order 
to develop consistent algorithms.

Conclusion

Cervical spine injuries in childhood affect girls and boys 
almost equally. In all age groups, falls and traffic accidents 
were the most common causes of cervical spine injuries. 
MRI plays an important role in the diagnostic work-up aside 
of conventional X-ray, functional X-ray and CT scans. Typi-
cal concomitant injuries were located at the head. Younger 
children majorly showed injuries of the upper cervical 
region, older children in the subaxial segments. Accompany-
ing neurological deficits are rare and related to higher-graded 
spinal trauma reflecting severity of underlying trauma. The 
majority was treated conservatively. Nevertheless, 15% of 
the hospitalized children from the present multicenter study 
required surgical treatment with a still reasonable high num-
ber of complications.
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