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Two-Nation Comparison of Classification and Treatment of Subaxial Cervical Spine
Fractures: An Internet-Based Multicenter Study Among Spine Surgeons
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Matti Scholz5, Philipp Lichte1, Kim Rijkers4, Toon F. Boselie4, Frank Hildebrand1, Paul C. Willems3, Philipp Kobbe1
-BACKGROUND: To date, no evidence-based treatment
algorithm is available for fractures of the subaxial spine.
The aim of the present study was to assess and compare
the management strategy for traumatic subaxial fractures
among German and Dutch spine surgeons.

-METHODS: In our web-based multicenter study, German
and Dutch spine surgeons evaluated the computed to-
mography data of traumatic subaxial fractures (C3eC7).
Supplementary case-specific information was provided.
The fractures were classified using the AO spine classi-
fication. Next, 9 questions concerning the treatment algo-
rithm were evaluated. Data were analyzed using SPSS.
Statistical significance was defined as P < 0.05.

-RESULTS: Ten surgeons (5/country) evaluated 31 cases
(310 votes). The fractures were classified as AO type A in 37%
(114 votes), type B in 50% (155 votes), and type C in 13% (41
votes). German spine surgeons had a lower threshold con-
cerning the indication for surgical treatment (German, 94.2%
vs. Netherlands, 58.1%;P < 0.05). A consensuswas present for
operative stabilization for type B and C injuries, but a
discrepancywas found in the therapeutic algorithm for typeA
fractures. The most significant difference was seen in the
treatment of type A2 and A3 fractures (surgery for type A2/A3
fracture: German, 92.9% vs. Netherlands, 5.3%; P < 0.05).

-CONCLUSION: We found a consensus for the stabiliza-
tion of AO type B and C fractures but country-specific
differences in the treatment of type A fractures, especially
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for A2 and A3 fractures. Further evidence is necessary to
ensure more consistent international treatment strategies.
INTRODUCTION
he debate regarding the optimal treatment of subaxial
cervical spine injuries is ongoing.1,2 Specifically, interna-
Ttional controversy regarding the use of surgical therapy

has continued.3 Several reasons for these conspicuous differences
in spinal trauma care are possible; however, one major issue is
that no consistent evidence has been reported regarding what
constitutes the best treatment for these fractures. Compared
with the variety of different fracture types, only a few studies
with a high level of evidence have focused on the surgical
treatment of traumatic subaxial spine injuries.2,4-6 From the
findings from these studies, no universally acknowledged treat-
ment concept could be introduced.
In the case of nonoperative treatment of subaxial cervical spine

fractures, external immobilizers (e.g., neck collars) have been
frequently used.However, the level of evidence for this therapy has also
been low.7 Furthermore, controversy exists regarding the best surgical
technique if anoperation is indicated.Therefore, theoptimal treatment
of fractures in patients without a neurological deficit is still under
debate, and the treatment choice is frequently determined by the
individual experience of the surgeon in charge. In these fractures,
surgical treatment not only aims to prevent neurological deficits, but
also to maintain stability and cervical alignment, with preservation of
mobility as much as possible. Many different radiological criteria for
instability must be considered to define whether surgery is indicated
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(e.g., subluxation or fracture of a facet joint; translation in a sagittal
direction [>3.5 mm]; endplate angulation [>15�]).8

In addition to these controversies, several studies have shown
that the threshold concerning the indication for surgical treatment
has country-specific differences.3,9 Especially at border areas,
differences in national treatment strategies could come into con-
flict. With the knowledge of this background, the aim of the
present study was to assess and compare the different manage-
ment strategies for subaxial cervical spine fractures in a binational
setting between German and Dutch spine surgeons.

METHODS

The present Internet-basedmulticenter study was performed using an
online survey. A consecutive case series of traumatic subaxial cervical
spine fractures was presented. The radiographic data and associated
case information and anonymized online questionnaires were uploa-
ded. For sample planning, a precedent pilot study was conducted.

Participants
All participating spine surgeons were experienced surgeons from
orthopedic, neurosurgical, or trauma departments. Each partici-
pant was well versed in the Arbeitsgemeinschaft für Osteosyn-
thesefragen (AO) spine classification scheme and had received the
original report on this classification system10 1 month before the
beginning of the present study.

Development of the Website
The website (available at: www.umfrageonline.com) included
computed tomography (CT) sequences of the fracture in 1-mm
slices in all 3 reconstructions (axial, sagittal, and coronary).
Additionally, specific case information (e.g., patient age, gender,
neurological status, and injury mechanism) was provided.

Patient Inclusion Criteria
A case series of 31 consecutive patients with acute traumatic in-
juries of the subaxial cervical spine (C3eC7) from 2011 to 2016,
evaluated at the University Hospital Aachen, was included by a
committee of experts. The exclusion criteria were osteoporotic
fractures, a history of malignity or infection (i.e., spondylodisci-
tis), and incomplete CT data sets. The treating surgeon did not
participate in the present study.

Questionnaire
Thefirst half of the survey focused on assessment of the fracture type.
Using the AO spine subaxial cervical spine injury classification sys-
tem, the surgeons were asked to estimate the cases regarding the
greatest degree of the injury (e.g., A4, B2, C). The existence of
neurological deficits and the presence of a modifier was assessed in
adherence to the AO classification. Furthermore, binary collection of
facet joint violations was performed. The second half of the survey
consisted of 9 questions with a focus on the treatment of each case9

(Supplemental Table 1).

Statistical Analysis
The anonymized data were processed using SPSS, version 21 (IBM
Corp., Armonk, New York, USA). The data are presented as the
mean � standard deviation. Continuous variables were compared
e126 www.SCIENCEDIRECT.com WORLD NE
using the t test for normally distributed data and the Mann-
Whitney U test otherwise. To determine the interobserver agree-
ment, Cohen’s k and the percentage of agreement between the
surgeons were used. In line with previous studies, the guidelines
of Landis and Koch11 were considered to categorize the k values
(0e0.2, slight reliability; 0.21e0.4, fair; 0.41e0.6, moderate;
0.61e0.8, substantial; and 0.81e1, almost perfect reliability).
Interobserver agreement of the AO spine subaxial cervical spine
injury classification system was calculated for the basic fracture
level (A, B or C), fracture sublevels (e.g., A3), neurological
status, and case-specific modifiers. Owing to the number of
cases in the present study, the interobserver agreement of facet
joint violations were summarized in each case to allow for a
distinction between existing and nonexistent. Statistical signifi-
cance was defined as P < 0.05.

RESULTS

Participants and Case Details
Ten board-certified spine surgeons (5 per country) from 4 trauma
hospitals evaluated the data from 31 patients with fractures
localized to the subaxial cervical spine. The average experience in
spine surgery was 9.2 � 3.6 years (Germany, 10.0 years;
Netherlands, 8.4 years; P ¼ NS).
The mean patient age at the injury was 53.9 � 22.7 years. The

fractures were localized in C3 in 12.9% (n¼ 4), C4 in 12.9% (n¼ 4),
C5 in 16.1% (n ¼ 5), C6 in 38.7% (n ¼ 12), and C7 in 19.4% (n ¼ 6).

Fracture Classification and Reliability
Regarding the fracture classification, 36.8% (114 votes) of all frac-
tures were classified as AO type A fractures. Type B fractures were
seen in 50.0% (155 votes) and type C lesions in 13.2% (41 votes;
Figure 1). The AO subaxial cervical spine injury classification system
showed the greatest agreement at the basic level (A, B, C; Germany,
75.5% [k, 0.53]; Netherlands, 60.9% [k, 0.36]; Germany/
Netherlands, 62.5% [k, 0.39]; Table 1). Considering the presence
of facet joint injuries substantial agreement was found in both
countries (k value for facet joint injury: Germany, 0.78;
Netherlands, 0.64; Germany/Netherlands, 0.7).
The interobserver reliability for individual neurological status and

the case-specific modifiers were collected specifically according to
the AO classification. The results showed moderate reliability
regarding the neurological status (k value for neurological deficit:
Germany, 0.46; Netherlands, 0.44; Germany/Netherlands, 0.5). The
reliability of the case-specific modifiers was identified as moderate
to substantial (k value for case-specific modifiers: Germany, 0.57;
Netherlands, 0.62; Germany/Netherlands, 0.59; Table 1).

Treatment Strategy
Nonoperative Treatment Versus Operative Therapy. Independently of
the previously used classification, operative treatment was selected
significantly more often by the German spine surgeons than by the
Dutch spine surgeons (surgery: Germany, 94.2%; Netherlands,
58.1%; P < 0.05).
Considering the results of the AO spine classification, this

difference was predominantly caused by contrasting therapies for
type A fractures (indication for surgery for type A fractures: Ger-
many, 77.1%; Netherlands, 27.8%; P < 0.05). In contrast, fractures
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.11.078
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Figure 1. Graph showing fracture distribution stratified by
Arbeitsgemeinschaft für Osteosynthesefragen (AO) spine subaxial
cervical spine classification system. Ger, Germany; NL, Netherlands;
Subtyp, subtype.
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classified as type B and C were mainly treated by a surgical
intervention in both countries (indication for surgery for type B
fractures: Germany, 99%; Netherlands, 87.7%; P < 0.05; indica-
tion for surgery for type C fractures: Germany, 100%; Netherlands,
94.7%; P ¼ NS; Table 2).
As expected, the results of the AO spine sublevels (i.e., A1, A2)

showed that both countries predominantly selected nonoperative
treatment for type A0 and A1 fractures (nonoperative for A0/A1:
Germany, 87.5%; Netherlands, 76.7%; P ¼ NS). For type A2 and
A3 fractures, German spine surgeons had already selected opera-
tive treatment for nearly all presented cases. In contrast, surgeons
from the Netherlands almost solely suggested nonoperative
treatment (indication for surgery: Germany, A2/A3, 92.9%;
Netherlands, A2/A3, 5.3%; P < 0.05). Although the operative
treatment of type A4 fracture was preferred in both countries,
surgery was indicated significantly more often by the German
surgeons (indication for surgery: Germany A4, 100%; Netherlands
A4, 64.7%; P < 0.05; Table 3).
Table 1. Interobserver Reliability of Different Portions of Arbeitsgeme
Classification System

Variable

Ger

% k

AO fracture

Main type 75.5 0.53

Subtype 58.4 0.46

Facet joint injury* 89.0 0.78

Neurology 89.4 0.46

Modifiers 83.2 0.57

Ger, Germany; NL, Netherlands; AO, Arbeitsgemeinschaft für Osteosynthesefragen.
*Data were analyzed regarding the observers’ assessment of the presence or absence of facet
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Type of Nonoperative Treatment. For nonoperative treatment, the
spine surgeons of both countries were in agreement regarding the
application of a supportive cervical collar (nonoperative treatment
using a neck collar: Germany, 100%; Netherlands, 95.4%; P ¼
NS). Furthermore, German and Dutch surgeons both preferred a
hard neck collar for the initial conservative treatment (overall
[Germany and Netherlands]: hard collar, 73.0%; soft collar, 9.5%;
hard collar followed by soft collar, 13.5%; no external immobili-
zation, 4.0%).

Anterior Stabilization. In surgically treated type A fractures,
standalone anterior stabilization was the treatment of choice in
both countries (Germany, 100%; Netherlands, 81.8%; P < 0.05).
For type B and C fractures, anterior stabilization remained a part
of the therapeutic concept; however, posterior stabilization and
circumferential stabilization were also frequently suggested by
both German and Dutch surgeons (Table 2).
Regarding the anterior surgical procedure, the surgeons of both

countries favored fusion by cage accompanied by anterior plating
(type of anterior stabilization: Germany, 86.6% preferred cage and
plate; 12.6% preferred bone graft and plate; and 0.8% preferred
solitary plating; Netherlands, 83.6% preferred cage and plate;
4.1% preferred bone graft and plate; and 12.3% preferred solitary
plating).
Regarding the length of instrumentation, bisegmental anterior

fusion was most frequently recommended for type A4 fractures
(Germany, 13 of 13 [100%]; Netherlands, 8 of 11 [72.7%]; P< 0.05).
Monosegmental stabilization was suggested for most of the other
fracture types (anterior stabilization type [overall]: monosegmental,
138 of 192 [71.9%]; bisegmental, 47 of 192 [24.5%]; multisegmental,
7 of 192 [3.6%]).

Posterior Stabilization and Fusion. If posterior stabilization were
selected, bi- or multisegmental stabilization was favored in both
countries (Germany: monosegmental, 8 of 55 [14.5%]; bi- and
multisegmental, 47 of 55 [85.5%]; Netherlands: monosegmental, 10
of 45 [22.2%]; bi- andmultisegmental, 35 of 45 [77.8%]; P¼NS). In
85 of the 100 posterior stabilized cases, an additional posterior
inschaft für Osteosynthesefragen Subaxial Cervical Spine Injury

NL Ger/NL

% k % k

61.0 0.36 62.5 0.39

38.4 0.31 41.7 0.33

81.9 0.64 85.2 0.7

81.6 0.44 86.2 0.5

81.9 0.62 82.3 0.59

joint injury, independently of the exact type (F1eF4).
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Table 2. Treatment Strategy of German and Dutch Surgeons Stratified by the Arbeitsgemeinschaft für Osteosynthesefragen Spine
Fracture Type

AO Type Country (Cases) Nonoperative Treatment

Surgical Treatment

Anterior Posterior Circumferential

A Germany (n ¼ 35) 22.9 (8) 77.1 (27) 0 (0) 0 (0)

Netherlands (n ¼ 79) 72.2 (57) 22.8 (18) 1.3 (1) 3.8 (3)

B Germany (n ¼ 98) 1.0 (1) 57.1 (56) 26.5 (26) 15.3 (15)

Netherlands (n ¼ 57) 12.3 (7) 33.3 (19) 21.1 (12) 33.3 (19)

C Germany (n ¼ 22) 0 (0) 36.4 (8) 4.5 (1) 59.1 (13)

Netherlands (n ¼ 19) 5.3 (1) 42.1 (8) 21.1 (4) 31.6 (6)

Data presented as % (n).
AO, Arbeitsgemeinschaft für Osteosynthesefragen.
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fusion procedure was recommended (Germany, 50 of 55;
Netherlands, 35 of 45; P ¼ NS).

Spinal Decompression. For type A and B fractures, the surgeons of
both countries would choose to avoid intraoperative decompres-
sion in patients without an initial neurological deficit (decom-
pression for type A and B fractures: Germany, 28.6% yes, 48.9%
no, 22.6% depending on the intraoperative findings; Netherlands,
16.9% yes and 83.1% no). In contrast, a general consensus was
present regarding use of the decompression procedure for type C
fractures between the German and Dutch surgeons (decompres-
sion for type C fractures: Germany, 81.8% yes, 4.5% no, 13.6%
depending on the intraoperative findings; Netherlands, 78.9% yes
and 21.1% no).

Further Diagnostic Modalities. A preoperative magnetic resonance
imaging (MRI) study was requested by most surgeons of both
countries (Germany, 77.4% [120 of 155]; Netherlands, 54.2% [84 of
155]; P < 0.05). With consideration of the fracture morphology,
MRI was the most frequently recommended imaging studies for
Table 3. Treatment Strategy of German and Dutch Surgeons Stratified
A

AO Type Country (Cases) Nonoperative Treatmen

A0-A1 Germany (n ¼ 8) 87.5 (7)

Netherlands (n ¼ 43) 76.7 (33)

A2-A3 Germany (n ¼ 14) 7.1 (1)

Netherlands (n ¼ 19) 94.7 (18)

A4 Germany (n ¼ 13) 0 (0)

Netherlands (n ¼ 17) 35.3 (6)

Data presented as % (n).
AO, Arbeitsgemeinschaft für Osteosynthesefragen.
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type C fractures (indication for MRI: type A, 46.5% [53 of 114];
type B, 73.5% [114 of 155]; type C, 90.2% [37 of 41]).

Application of Bone Substitutes. Overall, the use of bone sub-
stitutes was recommended for 105 of 236 voted cases (44.5%) for
which surgery was indicated. Thus, the use of bone substitutes
was similar in both Germany and the Netherlands (bone sub-
stitutes: Germany, 70 of 146 [47.9%]; Netherlands, 35 of 90
[38.9%]; P ¼ NS).

DISCUSSION

Owing to the lack of evidence, a debate regarding the appropriate
treatment algorithm for traumatic subaxial cervical spine injuries
has been ongoing.12 Furthermore, during the past 2 decades, a
sustained discussion has prevailed regarding whether anterior or
posterior surgery is the optimal method to treat these fractures.1

In this context, studies have shown that considerable regional
differences exist in the management of cervical spine
fractures.3,9 Our main findings from our study were as follows:
by Arbeitsgemeinschaft für Osteosynthesefragen Spine Subtype

t

Surgical Treatment

Anterior Posterior Circumferential

12.5 (1) 0 (0) 0 (0)

20.9 (9) 0 (0) 2.3 (1)

92.9 (13) 0 (0) 0 (0)

0 (0) 5.3 (1) 0 (0)

100 (13) 0 (0) 0 (0)

52.9 (9) 0 (0) 11.8 (2)

UROSURGERY, https://doi.org/10.1016/j.wneu.2018.11.078
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1. In the present case series, the spine surgeons from the
Netherlands more often classified fractures as type A using the
AO spine classification but German surgeons more frequently
assumed fractures were type B fractures.

2. Surgical treatment was significantly more frequently recom-
mended by the German spine surgeons than by the Dutch
surgeons, independently of the fracture type.

3. The largest difference was observed in the analysis and treat-
ment recommendations for type A2 and A3 fractures.

4. A general consensus was observed regarding the treatment
strategy of types B and C fractures.

5. The use of MRI for decision making was recommended for most
cases by the surgeons from Germany and the Netherlands.

The AO spine subaxial cervical spine injury classification system
is currently the most advanced classification system for the
assessment of traumatic cervical spine injuries. The morphological
characteristics of the injury patterns determined from the CT scan
and plain radiographic findings are the basis of this classification
system.10,13 In the present survey, we found differences in the
reliability of the classification between German and Dutch sur-
geons. Furthermore, spine surgeons from the Netherlands assessed
the injuries more often as type A fractures instead of type B frac-
tures compared with the estimations from the German surgeons.
Various reasons could explain those differences in the interpre-

tation of a fracture type. One possible explanation might be that the
oblique indicators regarding type B injuries on the CT scans were
interpreted differently by the German and Dutch surgeons. Stone
et al.14 reported that the use ofMRI leads to improved identification,
especially for type B fractures.Within our study, MRI scans were not
provided, because the availability of MRI cannot be ensured
nationwide and because the creators of the AO spine
classification sought to acknowledge cases in which injury to the
posterior ligamentous complex is indeterminate.10

Furthermore, it must be considered that the classification of the
Dutch surgeons regarding the fracture type was inferior to that of
the German surgeons. A few studies have shown that the agree-
ment of independent interobserver studies was usually less than
the values of the groups involved in developing a classification
scheme.15,16 This leads to the assumption that a learning curve
exists in using classification systems. In the present survey, the
German surgeons seemed to be more familiar with the use of the
AO spine subaxial classification system owing to the previous use
of the AO scheme for the thoracolumbar region. In contrast, the
Dutch surgeons included in the present survey were more familiar
with the Thoracolumbar Injury Classification System.
Within the present study, the surgeons from Germany and the

Netherlands predominantly suggested nonoperative therapy for
AO type A0 and A1 fractures. This is in line with the treatment
recommendations from the working group “lower cervical spine”
of the German Orthopedic and Trauma Society for subaxial cer-
vical spine injuries and indicates a consensus has been reached for
nonoperative treatment of those injuries.8

Conspicuous in the present survey, however, was that the
largest discrepancy between German and Dutch surgeons was
found in the treatment of type A2 and A3 fractures. Although the
WORLD NEUROSURGERY 123: e125-e132, MARCH 2019
German surgeons saw the need for anterior stabilization for most
of those injuries (92.9%), Dutch surgeons almost entirely recom-
mended nonoperative treatment (94.7%). A2 fractures have been
defined as coronary split or pincer fractures that involve both
adjacent endplates but do not affect the posterior wall of the
vertebral body.10,13 Those fractures will generally be assessed as
stable injuries for which the indication for surgery usually results
from the degree of the segmental kyphotic deformity. Surgical
therapy should be recommended for a kyphotic deformation of the
fractured vertebra of w15�.8 These values were determined from
biomechanical studies from the early 1980s.17,18 Thus, it is un-
clear whether, with modern external cervical immobilization
methods (e.g., cervical collars or halo fixators), such fractures
could be treated adequately. Furthermore, Sadiqi et al.19 identified
worldwide variation in the assessment of fracture kyphosis and
vertebral body height loss, and Bono et al.20 described the
partially poor reliability of those radiographic measurements for
the subaxial cervical spine. Considering those difficulties, the
validity of these radiological instability criteria must be
considered and might explain the differences in the treatment
choices of German and Dutch surgeons.
In contrast to type A2 fractures, type A3 fractures are defined as

fractures with additional posterior vertebral wall involvement,
resulting in impairment of the spinal canal. Dvorak et al.2

emphasized that sole anterior stabilization of burst fractures is
adequate and that additional posterior stabilization will only be
necessary in rare cases. However, other studies have advised
nonoperative therapy for injuries with a low grade of deformity.8

Prerequisite for such cases, however, is the radiologically based
exclusion of the development of secondary segmental kyphosis
during the follow-up period. The existing controversy regarding
the correct treatment choice was confirmed in our binational
analysis because the German surgeons tended to opt for surgery
for type A3 fractures, but the Dutch surgeons chose to treat those
fractures conservatively. This is in line with the results of a pre-
viously reported study that found opposing therapy choices be-
tween German and Dutch surgeons in the treatment of burst
fractures in the thoracolumbar region.9

Studies have inferred that the risk of secondary kyphosis with
A4 fractures will be significantly increased compared with A3 in-
juries owing to the higher grade of segmental instability.8 This
finding was confirmed by the results from the present study,
which showed that surgical stabilization was consistently
recommended for A4 fractures by the German surgeons and
predominantly recommended by the Dutch surgeons.
Another important aspect regarding medical treatment is the

difference in the healthcare system between the 2 countries. In
Germany, the proceeds are determined using a diagnosis-related
group-based payment system. As a result, the performance of
surgery would seem to be economically advantageous compared
with conservative treatment. In the Netherlands, the bargaining
position of health insurers toward hospitals remains relatively
weak, although a major healthcare reform was introduced in
2006.21,22 Consequently, different economic conflicts of interest
between countries are clearly recognizable. All participants in the
present study, however, asserted that their individual treatment
recommendations were based solely on the medical criteria and
that economic interests had no effect on their decision.
www.journals.elsevier.com/world-neurosurgery e129
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The reported research has shown that a general consensus has
been reached regarding the surgical treatment of type B and C
fractures.1,2,8,23 Only for type B1 fractures could nonoperative
treatment be indicated for select cases.8 Our study has confirmed
these results and shown that nonoperative treatment of type B and
C fractures was the exception in both countries. Considering the
choice of the surgical approach, our study showed that the
indication for posterior and circumferential treatment was more
frequent for fractures with a high grade of instability (type B
and C). For these cases, posterior spondylodesis was
recommended for 85% in our survey. Dvorak et al.2 proposed an
algorithm based on the Subaxial Cervical Spine Injury
Classification, which has confirmed these findings and shown
that the choice of the respective surgical approach and the
indication for spondylodesis must be considered and should
depend on the fracture morphology.
Within our study, the indication for intraoperative decompres-

sion of the spinal canal for type A and B fractures was relatively
low. This can be explained by the low number of neurological
deficits within our case series.
Concerning the need for advanced medical imaging, the sur-

geons participating in our survey were asked whether they
required an additional MRI study to receive more information of
the fracture type for their decision making. The need for MRI was
proportional to the injury severity. Although the development of
modifiers improves the indirect identification of a posterior liga-
mentous complex injury,10 MRI can provide further information
for surgical planning,24,25 not only in the case of neurological
deficits, but also to rule out epidural hematoma or herniation of
vertebral discs in the case of facet joint dislocations.
Within the present study, bone substitutes were consistently

used by both German (47.9%) and Dutch (38.9%) surgeons.
Furthermore, our study showed that the use of autologous iliac
e130 www.SCIENCEDIRECT.com WORLD NE
bone grafts is no longer the treatment of choice. This is in line
with the findings from Kadam et al.,26 who reported that modern
bone substitutes show good bone healing results.
The present study had some limitations. One major limitation

of our study was the sample size of only 31 cases, which could not
reflect all possible scenarios in cervical spine trauma. However, an
excessive increase in case numbers could have been associated
with an increasing probability of failure during the observation
process owing to the observers losing concentration.
Differences in the treatment strategy could also have been

influenced by the medical background and subspecialty training of
the participating surgeons. This could have reduced the pure
country-specific comparability. However, it is also necessary to
reflect the opinions of spine surgeons from different departments
to consider interdisciplinary differences. Furthermore, although
border area studies offer the possibility of demonstrating com-
monalities and differences in local regions, they cannot neces-
sarily represent the opinion of all spine surgeons from the
participating countries. National surveys by the respective spine
societies might provide more generalizable results.
CONCLUSION

A general agreement exists between German and Dutch spine
surgeons that AO type B and C fractures of the subaxial cervical
spine should be treated surgically. However, we found country-
specific differences in the treatment of AO type A fractures,
especially in the case of pincer (A2) and incomplete burst (A3)
fractures. In the Netherlands, the surgeons will usually recom-
mend nonoperative treatment of AO spine type A0, A1, A2, and A3
fractures. However, German surgeons have a lower threshold
concerning use of the anterior fusion procedure for type A2 and, in
particular, type A3 fractures.
REFERENCES

1. Aebi M. Surgical treatment of upper, middle and
lower cervical injuries and non-unions by anterior
procedures. Eur Spine J. 2010;19(suppl 1):S33-S39.

2. Dvorak MF, Fisher CG, Fehlings MG, et al. The
surgical approach to subaxial cervical spine in-
juries: an evidence-based algorithm based on the
SLIC classification system. Spine (Phila Pa 1976).
2007;32:2620-2629.

3. Lenehan B, Dvorak MF, Madrazo I, Yukawa Y,
Fisher CG. Diversity and commonalities in the
care of spine trauma internationally. Spine (Phila Pa
1976). 2010;35:S174-S179.

4. Kwon BK, Fisher CG, Boyd MC, et al.
A prospective randomized controlled trial of
anterior compared with posterior stabilization for
unilateral facet injuries of the cervical spine.
J Neurosurg Spine. 2007;7:1-12.

5. Del Curto D, Tamaoki MJ, Martins DE,
Puertas EB, Belloti JC. Surgical approaches for
cervical spine facet dislocations in adults. Cochrane
Database Syst Rev. 2014:CD008129.

6. Brodke DS, Anderson PA, Newell DW, Grady MS,
Chapman JR. Comparison of anterior and
posterior approaches in cervical spinal cord in-
juries. J Spinal Disord Techn. 2003;16:229-235.

7. Holla M, Huisman JM, Verdonschot N, Goosen J,
Hosman AJ, Hannink G. The ability of external
immobilizers to restrict movement of the cervical
spine: a systematic review. Eur Spine J. 2016;25:
2023-2036.

8. Schleicher P, Scholz M, Kandziora F, et al. [Sub-
axial cervical spine injuries: treatment recom-
mendations of the German Orthopedic and
Trauma Society]. Zeitschrift Orthop Unfall Chir. 2017;
155:556-566.

9. Pishnamaz M, Curfs I, Balosu S, et al. Two-nation
comparison of classification and treatment of
thoracolumbar fractures: an Internet-based
multicenter study among spine surgeons. Spine
(Phila Pa 1976). 2015;40:1749-1756.

10. Vaccaro AR, Koerner JD, Radcliff KE, et al. AO
spine subaxial cervical spine injury classification
system. Eur Spine J. 2016;25:2173-2184.

11. Landis JR, Koch GG. The measurement of
observer agreement for categorical data. Biometrics.
1977;33:159-174.
UROSURGERY, http
12. Amorosa LF, Vaccaro AR. Current concepts in
cervical spine trauma. Instr Course Lect. 2014;63:
255-262.

13. Schnake KJ, Schroeder GD, Vaccaro AR, Oner C.
AO spine classification systems (subaxial, thor-
acolumbar). J Orthop Trauma. 2017;31(suppl 4):
S14-S23.

14. Stone AT, Bransford RJ, Lee MJ, et al. Reliability
of classification systems for subaxial cervical in-
juries. Evid Based Spine Care J. 2010;1:19-26.

15. Urrutia J, Zamora T, Yurac R, et al. An indepen-
dent inter- and intraobserver agreement evaluation
of the AO spine subaxial cervical spine injury
classification system. Spine (Phila Pa 1976). 2017;42:
298-303.

16. Urrutia J, Zamora T, Yurac R, et al. An indepen-
dent interobserver reliability and intraobserver
reproducibility evaluation of the new AO spine
thoracolumbar spine injury classification system.
Spine (Phila Pa 1976). 2015;40:E54-E58.

17. Panjabi MM, White AA III. Basic biomechanics of
the spine. Neurosurgery. 1980;7:76-93.
s://doi.org/10.1016/j.wneu.2018.11.078

http://refhub.elsevier.com/S1878-8750(18)32628-7/sref1
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref1
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref1
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref2
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref2
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref2
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref2
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref2
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref3
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref3
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref3
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref3
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref4
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref4
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref4
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref4
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref4
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref5
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref5
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref5
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref5
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref6
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref6
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref6
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref6
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref7
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref7
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref7
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref7
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref7
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref8
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref8
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref8
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref8
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref8
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref9
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref9
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref9
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref9
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref9
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref10
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref10
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref10
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref11
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref11
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref11
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref12
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref12
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref12
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref13
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref13
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref13
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref13
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref14
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref14
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref14
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref15
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref15
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref15
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref15
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref15
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref16
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref16
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref16
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref16
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref16
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref17
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref17
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2018.11.078


ORIGINAL ARTICLE

MIGUEL PISHNAMAZ ET AL. TWO-NATION COMPARISON OF SUBAXIAL CERVICAL SPINE FRACTURES
18. White AA III, Panjabi MM, Thomas CL. The
clinical biomechanics of kyphotic deformities. Clin
Orthop Relat Res. 1977;128:8-17.

19. Sadiqi S, Verlaan JJ, Lehr AM, et al. Measurement
of kyphosis and vertebral body height loss in
traumatic spine fractures: an international study.
Eur Spine J. 2017;26:1483-1491.

20. Bono CM, Schoenfeld A, Rampersaud R, et al.
Reproducibility of radiographic measurements for
subaxial cervical spine trauma. Spine (Phila Pa
1976). 2011;36:1374-1379.

21. Mesman R, Faber MJ, Westert GP, Berden B.
Exploring Dutch surgeons’ views on volume-based
policies: a qualitative interview study. J Health Serv
Res Policy. 2018;23:185-192.
WORLD NEUROSURGERY 123: e125-e13
22. Schut FT, Varkevisser M. Competition policy for
health care provision in the Netherlands. Health
Policy. 2017;121:126-133.

23. Feuchtbaum E, Buchowski J, Zebala L. Subaxial
cervical spine trauma. Curr Rev Musculoskelet Med.
2016;9:496-504.

24. Bagley LJ. Imaging of spinal trauma. Radiol Clin
North Am. 2006;44:1-12. vii.

25. Pizones J, Sanchez-Mariscal F, Zuniga L,
Alvarez P, Izquierdo E. Prospective analysis of
magnetic resonance imaging accuracy in diag-
nosing traumatic injuries of the posterior liga-
mentous complex of the thoracolumbar spine.
Spine (Phila Pa 1976). 2013;38:745-751.

26. Kadam A, Millhouse PW, Kepler CK, et al. Bone
substitutes and expanders in spine surgery: a
2, MARCH 2019 www.journals.els
review of their fusion efficacies. Int J Spine Surg.
2016;10:33.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 28 August 2018; accepted 8 November 2018

Citation: World Neurosurg. (2019) 123:e125-e132.
https://doi.org/10.1016/j.wneu.2018.11.078

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2018 Elsevier Inc. All
rights reserved.
evier.com/world-neurosurgery e131

http://refhub.elsevier.com/S1878-8750(18)32628-7/sref18
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref18
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref18
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref19
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref19
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref19
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref19
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref20
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref20
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref20
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref20
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref21
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref21
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref21
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref21
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref22
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref22
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref22
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref23
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref23
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref23
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref24
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref24
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref25
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref25
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref25
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref25
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref25
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref25
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref26
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref26
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref26
http://refhub.elsevier.com/S1878-8750(18)32628-7/sref26
https://doi.org/10.1016/j.wneu.2018.11.078
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.journals.elsevier.com/world-neurosurgery


Supplemental Table 1. Second Part of the Questionnaire:
Treatment Strategy

1 Which therapy would you recommend?

A Nonoperative

B Anterior stabilization

C Posterior stabilization

D Anteroposterior stabilization

2 If nonoperative, which type of external
immobilization would you recommend?

A I would not treat nonoperatively

B No external immobilization

C Soft neck collar

D Hard neck collar

E First hard neck collar, followed by soft neck collar

3 If you would recommend anterior
stabilization, how would you perform it?

A I would not perform anterior stabilization

B Tricortical iliac bone grafts

C Tricortical iliac bone grafts and plate

D Cage

E Cage and plate

F Plate

4 How would you perform anterior stabilization?

A I would not perform anterior stabilization

B Monosegmentally

C Bisegmentally

D More than 2 segments

5 How would you perform posterior stabilization?

A I would not perform posterior stabilization

B Monosegmentally

C Bisegmentally

D More than 2 segments

6 Would you perform posterior spondylodesis?

A Yes

B No

7 Would you routinely perform spinal
decompression for the case (posterior or anterior)?

A Yes

B No

C Depending on operative findings

8 Would you require an MRI preoperatively?

A Yes

B No

Continues

Supplemental Table 1. Continued

9 Would you use a bone substitute?

A Yes

B No

MRI, magnetic resonance imaging.
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