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N S SPINE CLINICAL ARTICLE

J Neurosurg Spine 36:99-112, 2022

Variations in management of A3 and A4 cervical spine
fractures as designated by the AO Spine Subaxial Injury
Classification System

Barry Ting Sheen Kweh, MBBS (Hons),"-* Jin Wee Tee, BMedSci, MBBS, MD, FRACS,"*
Sander Muijs, MD, PhD,® F. Cumhur Oner, MD, PhD, Klaus John Schnake, MD,®

Lorin Michael Benneker, MD, PhD,” Emiliano Neves Vialle, MD, MSc,? Frank Kanziora, MD, PhD,°
Shanmuganathan Rajasekaran, MCh, PhD, FRCS,"® Gregory Schroeder, MD,'"

Alexander R. Vaccaro, MD, PhD," and the AO Spine Subaxial Injury Classification System
Validation Group

National Trauma Research Institute, Melbourne, Victoria; 2Department of Neurosurgery, The Alfred Hospital, Melbourne,
Victoria; *Department of Neurosurgery, Royal Melbourne Hospital, Parkville, Melbourne, Victoria; “Central Clinical School,
Faculty of Medicine, Nursing and Health Sciences, Monash University, Melbourne, Victoria, Australia; SDepartment of
Orthopaedics, University Medical Center Utrecht, The Netherlands; éCenter for Spinal Surgery, Schon Klinik Niirberg Fiirth,
Germany; “Sonnenhofspital Bern, University of Bern, Switzerland; éSpine Surgery Group, Catholic University of Parana, Curitiba,
Brazil; °Center for Spine Surgery and Neurotraumatology, Frankfurt, Germany; "®Department of Orthopaedic and Spine Surgery,
Ganga Hospital, Coimbatore, India; and ""The Rothman Institute at Thomas Jefferson University, Philadelphia, Pennsylvania

OBJECTIVE Optimal management of A3 and A4 cervical spine fractures, as defined by the AO Spine Subaxial Injury
Classification System, remains controversial. The objectives of this study were to determine whether significant manage-
ment variations exist with respect to 1) fracture location across the upper, middle, and lower subaxial cervical spine and
2) geographic region, experience, or specialty.

METHODS A survey was internationally distributed to 272 AO Spine members across six geographic regions (North
America, South America, Europe, Africa, Asia, and the Middle East). Participants’ management of A3 and A4 subaxial
cervical fractures across cervical regions was assessed in four clinical scenarios. Key characteristics considered in

the vignettes included degree of neurological deficit, pain severity, cervical spine stability, presence of comorbidities,
and fitness for surgery. Respondents were also directly asked about their preferences for operative management and
misalignment acceptance across the subaxial cervical spine.

RESULTS In total, 155 (57.0%) participants completed the survey. Pooled analysis demonstrated that surgeons were
more likely to offer operative intervention for both A3 (p < 0.001) and A4 (p < 0.001) fractures located at the cervicotho-
racic junction compared with fractures at the upper or middle subaxial cervical regions. There were no significant varia-
tions in management for junctional incomplete (p = 0.116) or complete (p = 0.342) burst fractures between geographic
regions. Surgeons with more than 10 years of experience were more likely to operatively manage A3 (p < 0.001) and A4
(p < 0.001) fractures than their younger counterparts. Neurosurgeons were more likely to offer surgical stabilization of A3
(p <0.001) and A4 (p < 0.001) fractures than their orthopedic colleagues. Clinicians from both specialties agreed regard-
ing their preference for fixation of lower junctional A3 (p = 0.866) and A4 (p = 0.368) fractures. Overall, surgical fixation
was recommended more often for A4 than A3 fractures in all four scenarios (p < 0.001).

CONCLUSIONS The subaxial cervical spine should not be considered a single unified entity. Both A3 and A4 fracture
subtypes were more likely to be surgically managed at the cervicothoracic junction than the upper or middle subaxial
cervical regions. The authors also determined that treatment strategies for A3 and A4 subaxial cervical spine fractures

ABBREVIATIONS SLIC = Subaxial Cervical Spine Injury Classification; VAS = visual analog scale.
SUBMITTED November 10, 2020. ACCEPTED March 8, 2021.
INCLUDE WHEN CITING Published online September 10, 2021; DOI: 10.3171/2021.3.SPINE201997.
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varied significantly, with the latter demonstrating a greater likelihood of operative management. These findings should be
reflected in future subaxial cervical spine trauma algorithms.

https://thejns.org/doi/abs/10.3171/2021.3.SPINE201997
KEYWORDS burst; fracture; junctional; subaxial cervical spine; variation; trauma

patients and has the potential to cause devastating
neurological sequelae.! The subaxial cervical spine

is affected in more than 65% of patients. In particular, the
lower junctional region, as the transitional point between
the mobile lordotic cervical spine and rigid kyphotic tho-
racic spine, tends to be preferentially injured."? Indeed,
fractures of the lower two cervical vertebrae (C6 and C7)
constitute as many as 55% of all cervical fractures.'3 De-
spite this unequal distribution of injuries, which suggests
that the junctional region is at greater risk for instability,
the subaxial region is still perceived as a single entity by
multiple contemporary classification systems.*-°

The current Subaxial Cervical Spine Injury Classifica-
tion (SLIC) System recommends operative or nonopera-
tive intervention on the basis of fracture pattern, integrity
of the discoligamentous complex, and neurological state®®
but fails to differentiate different forms of burst fracture 10
Conversely, the AO Spine Subaxial Injury Classification
System does recognize incomplete (A3) and complete
(A4) burst fracture morphologies and introduces fracture
patterns to reflect their perceived stability in a gradated
fashion. However, neither classification system takes into
account the level of injury across the subaxial cervical
spine.® To guide the formation of a novel subaxial cervi-
cal spine trauma algorithm, the international variations in
management of A3 and A4 fractures were investigated.

The principal aim of our study was to determine wheth-
er worldwide management preferences of incomplete and
complete cervical burst fractures differ across the upper,
middle, and lower subaxial cervical regions. We hypoth-
esized that surgeons would be more likely to recommend
operative management for fractures of the lower subaxial
cervical spine involving the cervicothoracic junction, as
well as those of a complete burst fracture morphology.
These would represent crucial findings in guiding fu-
ture prospective trials and treatment algorithms given the
paucity of high-quality evidence available. A universally
applicable and accepted treatment algorithm has the po-
tential to greatly streamline and improve the worldwide
standard of spine trauma care.’

C ERVICAL spine fracture occurs in 2.4% of trauma

A3 - Incomplete Burst

Methods

Data Collection

A 43-point survey was globally distributed to 272 AO
Spine members across six distinct geographic regions.
These 272 participants were volunteers from the approxi-
mately 6500 members of the AO Spine community who
expressed interest in validating a new subaxial cervical
spine trauma algorithm. Participant demographic charac-
teristics, such as years of experience, specialty, and geo-
graphic region of practice, were collected. The survey
assessed clinician management preferences for subaxial
cervical fractures at different cervical regions, both direct-
ly with discrete questioning and indirectly through vari-
ous clinical scenarios. Surgeons were presented with four
clinical vignettes involving A3 or A4 subaxial cervical
fracture (Fig. 1). The hypothetical patients sustained in-
jury to either the upper subaxial region as represented by a
C3 fracture, middle level as illustrated by a C5 fracture, or
the lower cervicothoracic junctional area as characterized
by a C7 fracture. Participants expressed their treatment
plan across the subaxial cervical regions in the context of
several variables, such as degree of pain as measured with
the visual analog scale (VAS) and extent of medical co-
morbidities. Significant medical comorbidity was defined
as American Society of Anesthesiologists physical status
classification score 3 or higher.”” Bias due to differing ra-
diological interpretations of fracture morphologies was
circumvented by the use of written clinical vignettes. The
primary outcome was management preferences for sur-
gery or rigid orthosis in the treatment of A3 and A4 cervi-
cal fractures across the upper, middle, and lower subaxial
regions. Secondary outcome measures were variations in
management according to experience, geographic region,
and specialty.

Statistical Analysis

All partial and complete responses to the survey were
included in the analysis by using a simple random sam-
pling scheme. Baseline continuous demographic charac-
teristics were analyzed according to their mean, median,

st

AD Foundation, A Spine, Switzerand A0

FIG. 1. A3 incomplete burst fracture involves a single endplate, whereas A4 complete burst fracture involves both endplates."
Copyright AO Spine, AO Foundation. Published with permission. Figure is available in color online only.
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or interquartile range. Categorical data were analyzed ac-
cording to absolute frequency and percentage of complete
responses. The chi-square test or Fisher’s exact test was
used to analyze differences between categorical param-
eters, whereas the Cochran-Armitage test was used to as-
sess for trends. Owing to underrepresentation of partici-
pants from the six different geographical regions, regions
with a low number of participants were combined with
their closest neighboring geographic region. The likeli-
hood that a surgeon would offer operative intervention for
A4 fracture compared with A3 fracture was also investi-
gated by using ORs with 95% ClIs. The statistical signifi-
cance level was defined as p < 0.05. All statistical analysis
was performed with SAS version 9.4 (SAS Institute Inc.).

Results

A total of 155 (57.0%) responses from specialists in six
geographic regions were received. Baseline demograph-
ic characteristics are summarized in Table 1. Importantly,
almost half the respondents worked in an academic cen-
ter (49.7%), with a mean of 106.0 spine trauma patients
treated per year.

Management Preferences for A3 and A4 Subaxial Cervical
Spine Fractures

When confronted with incomplete burst fractures con-
sistent with the A3 subtype of the AO Spine Subaxial In-
jury Classification System, surgeons expressed a signifi-
cantly increased preference for surgical management in all
four scenarios if injuries were located at the lower cervi-
cothoracic junction (Table 2). This was true for patients
who were neurologically intact, otherwise medically fit,
and had minimal pain (p < 0.001), and even for those who
had significant comorbidities (p = 0.002). In the cohort of
patients who had significant pain but were otherwise ap-
propriate for surgical intervention, surgeons were again
more likely to recommend operative management for
inferior junctional fractures at the lower subaxial region
than those located at the upper or middle subaxial cervical
regions (p = 0.004). Patients with a notable degree of pain
and comorbidities also demonstrated a significant trend
toward undergoing operative intervention if their injuries
were located at the lower junctional region (p = 0.024).
Pooled analysis of all four scenarios was consistent with
this tenet of preferential management of cervicothoracic
junctional A3 fracture with surgical fixation rather than
rigid orthosis (p < 0.001) compared with more superiorly
located injuries.

A complete A4 burst fracture was also more likely to
be managed operatively than its less severe A3 counter-
part. Regardless of whether various key characteristics
were altered, including degree of pain and presence of sig-
nificant comorbidities, surgical intervention was preferred
if the fracture was located at the cervicothoracic junc-
tion (Table 2). Although the individual scenarios failed to
demonstrate a statistically significant difference in man-
agement of junctional A4 fractures, likely confounded by
the overwhelming preference for surgical management
of complete burst injuries in general, the pooled analysis
confirmed that junctional complete burst fractures are

Brought to you by Thomas Jefferson University | Unauthenticated | Downloaded 03/01/22 02:55 PM UTC
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TABLE 1. Demographic characteristics of the 155 AO Spine
members who completed the internationally distributed survey

Characteristic Value
Subspecialty
Orthopedics 96 (61.9)
Neurosurgery 52 (33.5)
Other 7(4.5)
Geographic region
Europe 48 (31.0)
Latin & South America 40 (25.8)
Asia 29 (18.7)
North America 17 (11.0)
Middle East 13 (8.4)
Africa 8(5.2)
Years in practice
<6 27 (17.4)
5-10 52 (33.5)
11-20 50 (32.3)
>20 26 (16.8)
Work setting
Academic 77 (49.7)
Hospital 54 (34.8)
Private practice 24 (15.5)
Treated spine trauma patients, no./yr
Mean 106.0
Median 50.0 (20-100)
1-25 43 (27.7)
26-100 87 (56.1)
>100 25 (16.1)

Values are shown as number (percent) or median (interquartile range).

preferentially treated with operative intervention com-
pared with those fractures in the upper or middle cervical
regions (p < 0.001).

Preferences According to Experience, Geographic
Region, and Specialty

To determine whether degree of experience affected
management of A3 and A4 fractures across the subaxial
cervical spine, the cohort was dichotomized according to
a threshold of 10 years of experience (Table 3). Interest-
ingly, experienced surgeons tended to prefer surgery rath-
er than rigid orthosis in comparison with their younger
colleagues in the management of both incomplete burst
(39.9% vs 28.0%, p < 0.001) and complete burst (75.9% vs
64.3%, p < 0.001) fractures across the entire subaxial cer-
vical spine. Furthermore, there were no significant global
differences in likelihood of offering operative intervention
for single- or dual-endplate fractures across the individual
four scenarios (Table 4). On pooled analysis, European
surgeons were less inclined to favor operative manage-
ment for A3 fracture compared with their American and
Asian counterparts (p = 0.019). Overall, there was no sig-
nificant regional variation in the management of A4 frac-
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TABLE 2. Management preferences for A3 and A4 subaxial cervical spine fractures, stratified by upper, middle, and

lower cervical regions

A3 Fracture

A4 Fracture

Subaxial
Cervical Management Strategy Management Strategy
Spine Level Surgery (n[%])  Rigid Orthosis (n [%]) p Value  Surgery (n[%])  Rigid Orthosis (n [%]) p Value*
Scenario 1
Upper 34 (21.9) 121 (78.1) 104 (67.5) 50 (32.5)
Middle 43 (27.9) 11 (72.1) <0.001 11 (72.1) 43 (27.9) 0.165
Lower 61 (39.6) 93 (60.4) 115 (74.7) 39 (25.3)
Scenario 2t
Upper 20 (13.0) 134 (87.0) 73 (47.4) 81 (52.6)
Middle 22 (14.3) 132 (85.7) 0.002 87 (56.5) 67 (43.5) 0.022
Lower 41 (26.6) 113 (73.4) 93 (60.4) 61 (39.6)
Scenario 3§
Upper 66 (43.1) 87 (56.9) 123 (80.4) 30 (19.6)
Middle 78 (51.0) 75 (49.0) 0.004 130 (85.0) 23 (15.0) 0.162
Lower 91 (59.5) 62 (40.5) 132 (86.3) 21(13.7)
Scenario 49
Upper 49 (32.0) 104 (68.0) 97 (63.4) 56 (36.6)
Middle 52 (34.0) 101 (66.0) 0.024 109 (71.2) 44 (28.8) 0.018
Lower 68 (44.4) 85 (55.6) 116 (75.8) 37 (24.2)
Pooled analysis
Upper 169 (27.5) 446 (72.5) 397 (64.7) 217 (35.3)
Middle 195 (31.8) 419 (68.2) <0.001 437 (71.2) 177 (28.8) <0.001
Lower 261 (42.5) 353 (57.5) 456 (74.3) 158 (25.7)

Boldface type indicates statistical significance (p < 0.05).
* Determined using the Cochran-Armitage trend test.

t Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10) on mobilization, stable cervical spine, and deemed fit for surgery.
1 Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10) on mobilization, stable cervical spine, significant comorbidities,

and deemed fit for surgery.

§ Patient without neurological deficits, significant cervical axial pain (VAS = 5/10) on mobilization, stable cervical spine, and deemed fit for surgery.
1] Patient without neurological deficits, significant cervical axial pain (VAS = 5/10) on mobilization, stable cervical spine, significant comorbidi-

ties, and deemed fit for surgery.

tures, with the majority of clinicians opting to manage this
fracture with surgical intervention rather than rigid ortho-
sis (p = 0.918). On the other hand, pooled analysis of all
four clinical scenarios revealed that neurosurgeons were
more likely to offer operative intervention for A3 (39.9%
vs 29.6%, p < 0.001) and A4 (76.3% vs 67.5%, p < 0.001)
fractures compared with their orthopedic colleagues (Ta-
ble 5). However, spine surgeons from both specialties ex-
hibited similar preferences for operative management of
lower junctional A3 (41.3% vs 42.1%, p = 0.866) and A4
(76.9% vs 73.5%, p = 0.368) fractures.

Misalignment Acceptance Rate

Clinicians accepted significantly different degrees of
malalignment across the subaxial cervical spine in the
management of A3 and A4 fractures sustained by medi-
cally fit, neurologically intact patients (p = 0.040). In par-
ticular, misalignment was less tolerated at the cervicotho-
racic junction (61.2% of participants) compared with the
middle (47.4%) and upper (44.7%) subaxial cervical re-
gions (Supplementary Table 1). There was no statistically
significant difference with respect to the misalignment
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acceptance rate, and thus willingness to conservatively
manage cervical burst fractures with rigid orthosis rather
than surgical fixation, when stratified according to years
of experience or geographic region of practice (Supple-
mentary Tables 2 and 3). However, compared with their
neurosurgical counterparts, orthopedic spine specialists
indicated that they had a significantly lower tolerance of
misalignment of A3 injuries compared with A4 injuries
(p = 0.046). Despite this, there was no difference between
the two specialties with respect to management of A3 or
A4 fractures across the subaxial cervical spine (Supple-
mentary Table 4).

AO Spine Subaxial Injury Classification System

This survey also provided unique insight into clini-
cian management preferences for incomplete and com-
plete burst fractures without radiological interpretation
as a confounder. Surgeons overwhelmingly preferred op-
erative fixation for the management of A4 fractures com-
pared with A3 injuries in all four scenarios throughout the
subaxial cervical spine (Table 6). This is consistent with
the logical and gradated manner in which the AO Spine


https://thejns.org/doi/suppl/10.3171/2021.3.SPINE201997
https://thejns.org/doi/suppl/10.3171/2021.3.SPINE201997
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TABLE 3. Participants who preferred surgical management » CONTINUED FROM PREVIOUS COLUMN
for A3 and A4 s.ubaxial cervical Spine fractures, stratified by TABLE 3. Participants who preferred surgica' management
surgeon experience for A3 and A4 subaxial cervical spine fractures, stratified by
Subaxial Preference for Surgery, surgeon experience
Cervical Stratified by Experience Subaxial Preference for Surgery,
Spine Level <10yrs(n=79) >10yrs(n=76)  p Value Cervical Stratified by Experience
Scenario 1* Spine Level <10yrs(n=79) >10yrs(n=76)  p Value
A3 Pooled analysis
Upper 14 (17.7) 20 (26.3) 0.196 A3
Middle 15(19.2) 28 (36.8) 0.015 Upper 74 (23.8) 95 (31.3) 0.038
Lower 21(26.9) 40 (52.6) 0.001 Middle 79 (25.5) 116 (38.2) <0.001
Overall 50 (21.1) 88 (38.6) <0.001 Lower 108 (34.8) 153 (50.3) <0.001
A4 Overall 261 (28.0) 364 (39.9) <0.001
Upper 49 (62.8) 55(72.4) 0.206 A4
Middle 52 (66.7) 59 (77.6) 0129 Upper 188 (60.6) 209 (68.8) 0.036
Lower 52 (66.7) 63 (82.9) 0.021 Middle 202 (65.2) 235 (77.3) <0.001
Overall 153 (65.4) 177 (77.6) 0.004 Lower 208 (67.1) 248 (81.6) <0.001
Scenario 2t Overall 598 (64.3) 692 (75.9) <0.001
A3 Boldface type indicates statistical significance (p < 0.05). Values are shown as
Upper 8(10.3) 12 (15.8) 0.307 number (percent) unless indicated otherwise.
Middle 8(10.3) 14 (18.4) 0.148 * Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10)
on mobilization, stable cervical spine, and deemed fit for surgery.
Lower 16 (20.5) 25(32.9) 0.082 T Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10)
Overall 32 (13.7) 51(22.4) 0.015 on mobilization, stable cervical spine, significant comorbidities, and deemed
Ad fit for surgery.
T Patient without neurological deficits, significant cervical axial pain (VAS =
U?per 35 (44.9) 38 (50.0) 0.524 5/10) on mobilization, stable cervical spine, and deemed fit for surgery.
Middle 38 (48.7) 49 (64.5) 0.049 § Patient without neurological deficits, significant cervical axial pain (VAS
Lower 40 (51.3) 53 (69.7) 0.019 = 5/10) on mobilization, stable cervical spine, significant comorbidities, and
Overall 113 (48.3) 140 (61.4) 0.005 deemed fit for surgery.
Scenario 3t
A3
Upper 29 (31.7) 37 (48.7) 0.169 Subaxial Injury Classification System introduces fracture
Middle 33(42.9) 45(59.2) 0.043 patterns from least to most severe. In neurologically intact
Lower 40 (51.9) 51 (67.1) 0.056 patients with minimal cervical pain (VAS < 4/10) on mo-
Overall 102 (44.2) 133 (58.3) 0.002 bilization who were deemed fit for surgery, A4 fractures
A were more likely to be treated with operative intervention
. s than A3 fractures in the upper (OR 7.40, 95% CI 4.45-
Upper 57(74.0) 66 (86.8) 0.046 12.31, p < 0.001), middle (OR 6.66, 95% CI 4.05-10.96, p
Middle 62 (80.5) 68 (89.5) 0121 <0.001), and lower (OR 4.50,95% CI12.77-7.31,p < 0.001)
Lower 62 (80.5) 70 (92.1) 0.037 cervical regions.
Overall 181 (78.4) 204 (89.5) 0.001 Similar findings were also observed in patients with
Scenario 4§ significant comorbidities. Complete burst fractures were
A3 again more likely to be managed surgically than incom-
plete burst fractures in the upper (OR 6.04, 95% CI 3.43—
Upper 23(29.9) 26(34.2) 0.565 10.64, p < 0.001), middle (OR 7.79,95% CI 4.48-13.54,p <
Middle 23(29.9) 29 (38.2) 0.279 0.001), and lower (OR 4.20, 95% CI 2.60—-6.80, p < 0.001)
Lower 31(40.3) 37 (48.7) 0.294 subaxial regions. Once again, patients with A3 junctional
Overall 77 (33.3) 92 (40.4) 0.119 fractures in the lower subaxial spine were also more likely
Ad to be offered intervention than patients with similar frac-
Upper 47 (61.0) 50 (65.9) 0.542 tures elsewh_ere. When s1gplﬁcant_p_a1n (VAS > 5/10) was
; introduced into preoperative decision-making, surgeons
Middle 50 (64.9) 59(77.6) 0.083 were again more likely to recommend surgical fixation for
Lower 54 (70.1) 62 (81.6) 0.098 A4 fractures than A3 fractures across the upper (OR 5.40,
Overall 151 (65.4) 171 (75.0) 0.024 95% CI 3.24-9.01, p < 0.001), middle (OR 5.43, 95% CI

3.15-9.37, p < 0.001), and lower (OR 4.28, 95% CI 2.44—
7.51, p < 0.001) subaxial regions. Consistent with previous
scenarios, cervicothoracic junctional A3 fractures were

CONTINUED IN NEXT COLUMN »
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TABLE 4. Participants who preferred surgical management for A3 and A4 subaxial cervical spine
fractures, stratified by geographic region

Preference for Surgery, Stratified by Region

Subaxial
Cervical North, Latin, & South Europe Africa, Asia, & the
Spine Level America (n = 57) (n=48) Middle East (n=50)  p Value
Scenario 1*
A3
Upper 14 (24.6) 9(18.8) 11(22.0) 0.773
Middle 17 (29.8) 10 (20.8) 16 (32.7) 0.397
Lower 23 (40.4) 17 (35.4) 21 (42.9) 0.748
Overall 54 (31.6) 36 (25.0) 48 (32.4) 0.311
A4
Upper 38 (66.7) 35 (72.9) 31(63.3) 0.588
Middle 38(66.7) 38(79.2) 35(71.4) 0.361
Lower 42 (73.7) 39 (81.3) 34 (69.4) 0.396
Overall 118 (69.0) 112 (77.8) 100 (68.0) 0.124
Scenario 2t
A3
Upper 10 (17.5) 5(10.4) 5(10.2) 0.435
Middle 11(19.3) 4(8.3) 7(14.3) 0.278
Lower 19 (33.3) 9(18.8) 13 (26.5) 0.242
Overall 40 (23.4) 18 (12.5) 25 (17.0) 0.040
A4
Upper 30 (52.6) 23 (47.9) 20 (40.8) 0.477
Middle 32 (56.1) 27 (56.3) 28 (57.1) 0.994
Lower 36 (63.2) 31 (64.6) 26 (53.1) 0.441
Overall 98 (57.3) 81 (56.3) 74 (50.3) 0.420
Scenario 31
A3
Upper 25 (43.9) 20 (41.7) 21(43.8) 0.970
Middle 27 (47.4) 24 (50.0) 27 (56.3) 0.654
Lower 35 (61.4) 28 (58.3) 28 (58.3) 0.933
Overall 87 (50.9) 72 (50.0) 76 (52.8) 0.890
A4
Upper 46 (80.7) 36 (75.0) 41 (85.4) 0.437
Middle 47 (82.5) 40 (83.3) 43 (89.6) 0.554
Lower 51 (89.5) 41 (85.4) 40 (83.3) 0.646
Overall 144 (84.2) 117 (81.3) 124 (86.1) 0.527
Scenario 4§
A3
Upper 20 (35.1) 14 (29.2) 15 (31.3) 0.803
Middle 20 (35.1) 13 (27.1) 19 (39.6) 0.423
Lower 28 (49.1) 16 (33.3) 24 (50.0) 0.173
Overall 68 (39.8) 43 (29.9) 58 (40.3) 0.112
Ad
Upper 38 (66.7) 29 (60.4) 30 (62.5) 0.181
Middle 38 (66.7) 32 (66.7) 39 (81.3) 0.181
Lower 46 (80.7) 33(68.8) 37(771) 0.352
Overall 122 (71.3) 94 (65.3) 106 (73.6) 0.276

CONTINUED ON PAGE 105 »
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TABLE 4. Participants who preferred surgical management for A3 and A4 subaxial cervical spine

fractures, stratified by geographic region

Preference for Surgery, Stratified by Region

Subaxial
Cervical North, Latin, & South Europe Africa, Asia, & the
Spine Level America (n = 57) (n=48) Middle East (n=50)  p Value
Pooled analysis
A3
Upper 69 (30.3) 48 (25.0) 52 (26.7) 0.462
Middle 75(32.9) 51 (26.6) 69 (35.6) 0.148
Lower 105 (46.1) 70 (36.5) 86 (44.3) 0.116
Overall 249 (36.4) 169 (29.3) 207 (35.5) 0.019
Ad
Upper 152 (66.7) 123 (64.1) 122 (62.9) 0.705
Middle 155 (68.0) 137 (71.4) 145 (74.7) 0.311
Lower 175 (76.8) 144 (75.0) 137 (70.6) 0.342
Overall 482 (70.5) 404 (70.1) 404 (69.4) 0.918

Boldface type indicates statistical significance (p < 0.05). Values are shown as number (percent) unless indicated

otherwise.

* Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10) on mobilization, stable cervical spine,

and deemed fit for surgery.

T Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10) on mobilization, stable cervical spine,

significant comorbidities, and deemed fit for surgery.

1 Patient without neurological deficits, significant cervical axial pain (VAS = 5/10) on mobilization, stable cervical spine,

and deemed fit for surgery.

§ Patient without neurological deficits, significant cervical axial pain (VAS = 5/10) on mobilization, stable cervical spine,

significant comorbidities, and deemed fit for surgery.

also more likely to be operatively managed than those lo-
cated elsewhere.

Finally, complex surgical decision-making was interro-
gated with challenging clinical vignettes in which periop-
erative risk of comorbidities needed to be weighed against
the benefits of operative intervention such as spinal stability
and analgesic effect. In this instance, the AO Spine Subaxi-
al Injury Classification System held true, with A4 fractures
more likely to be deemed suitable for operative manage-
ment at every cervical region. Importantly, there was less
management variation at C3 (OR 3.68, 95% CI 2.29-5.90,
p <0.001) and C7 (OR 3.92,95% CI 2.40—6.39, p < 0.001)
than for fractures located in the middle location (OR 4.81,
296781, p < 0.001). In other words, this scenario indi-
rectly demonstrates that surgeons were more likely to sur-
gically manage A3 fractures at the lower cervicothoracic
junction than those at the upper or middle subaxial regions.

Discussion

Traumatic spine injury in the cervical region results in
the highest rate of complete motor and sensory neurologi-
cal deficit.”® Although the considerable range of motion af-
forded by the cervical’s spine reliance upon ligamentous
structures rather than bony stability is a functional advan-
tage, it simultaneously confers a particular susceptibility to
injury and instability."*-16 In turn, this leads to a significant
risk of morbidity and mortality given the potential for high
spinal cord injury and permanent neurological deficit.!4-'6
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As such, there are ongoing international efforts to formu-
late both a universal classification system and accepted
treatment algorithm.®7-'* Our survey addresses both these
subjects. We determined that junctional subaxial cervical
region fractures are more likely to be operatively man-
aged, and also that the AO Spine Subaxial Injury Clas-
sification System represents a logical progression of injury
morphology because A4 fractures were more likely to be
surgically stabilized than A3 fractures.?

There is an unequal distribution of dislocations and
fractures across the subaxial cervical spine, with as many
as 90% of fractures occurring in the middle and lower re-
gions.'?! As the transitional point between the compara-
tively mobile lordotic cervical spine and the more rigid
kyphotic thoracic spine, the cervicothoracic junction is
especially vulnerable to mechanical instability and disrup-
tion.”22* Fractures affecting the lower two cervical verte-
bra (C6 and C7) have been estimated to constitute between
39% and 55% of all cervical fractures.'> More specifically,
the C6-7 level is the most commonly fractured level of the
subaxial cervical spine (21.2%).>* This is closely followed
by fracture of C7 or dislocation at the C7/T1 junction,
which account for 17% of all injuries.?> Quarrington et al.
also found that the C6-7 level was the most commonly
involved level for facet dislocation.?® This pattern of frac-
tures and dislocations that preferentially occur in the lower
subaxial spine reflects this region’s increased vulnerability
to injury. The results of our worldwide survey are consis-
tent with this tenet.
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TABLE 5. Participants who preferred surgical management for » CONTINUED FROM PREVIOUS COLUMN
A3 and A4 subaxial cervical spine fractures, stratified by surgical TABLE 5. Participants who preferred surgical management for
specialty A3 and A4 subaxial cervical spine fractures, stratified by surgical
Preference for Surgery, specialty
Subaxial Stratified by Specialty Preference for Surgery,
Cervical Orthopedics Neurosurgery Subaxial Stratified by Specialty
Spine Level (n=96) (n=52) p Value Cervical Orthopedics Neurosurgery
Scenario 1* Spine Level (n=96) (n=52) p Value
A3 Pooled analysis
Upper 17 (17.7) 14 (26.9) 0.189 A3
Middle 22(23.2) 19 (36.5) 0.084 Upper 81(21.4) 75(36.1) <0.001
Lower 40 (42.1) 17 (32.7) 0.263 Middle 96 (25.4) 88 (42.3) <0.001
Overall 79 (27.6) 50 (32.1) 0.328 Lower 159 (42.1) 86 (41.3) 0.866
A4 Overall 336 (29.6) 249 (39.9) <0.001
Upper 62 (65.3) 39 (75.0) 0.224 A4
Middle 67 (70.5) 41(78.8) 0.275 Upper 228 (60.3) 153 (73.6) 0.001
Lower 70 (73.7) 41(78.8) 0.487 Middle 259 (68.5) 163 (78.4) 0.011
Overall 199 (69.8) 121 (77.6) 0.082 Lower 278 (73.5) 160 (76.9) 0.368
Scenario 2t Overall 765 (67.5) 476 (76.3) <0.001
A3 Boldface type indicates statistical significance (p < 0.05). Values are shown as
Upper 10 (10.5) 8(15.4) 0.390 number (percent) unless indicated otherwise.
Middle 10 (10.5) 10 (19.2) 0141 * Patieg}_witthout r:e;lrologic_al ?efigits, mizir(;]al cer(;lif(_:tafl axial pain (VAS < 4/10)
on mopilization, stable cervical spine, ana aeemea fit tor surgery.
Lower 26 (214) 12(231) 0.570 t Patient without neurological deﬁcits, minimal cervical axialgpaiyn (VAS <4/10)
Overall 46 (16.1) 30 (19.2) 0.411 on mobilization, stable cervical spine, significant comorbidities, and deemed
Ad fit for surgery.
Patient without neurological deficits, significant cervical axial pain (VAS =
Upper 40(421) 30(57.7) 0.070 §/10) on mobilization, sta%le cervical spir?e, and deemed fit for sFLrge(ry.
Middle 49 (51.6) 35 (67.3) 0.065 § Patient without neurological deficits, significant cervical axial pain (VAS
Lower 58 (61.1) 32 (61.5) 0.954 = 5/10) on mobilization, stable cervical spine, significant comorbidities, and
Overall 147 (51.6) 97 (62.2) 0.032 deemed ft for surgery.
Scenario 3t
A3 Indeed, we determined that junctional fractures of both
Upper 32(34.0) 29(55.8) 0.011 the A3 (p < 0.001) and A4 (p < 0.001) subtypes are more
Middle 40 (42.6) 34 (65.4) 0.008 likely to be managed with operative intervention than inju-
Lower 53 (56.4) 32 (61.5) 0.545 ries located elsewhere. Furthermore, the current AO Spine
Overall 125 (44.3) 95 (60.9) <0.001 Subaxial Injury Classification System differentiates be-
Ad tweenblnqorgplete and 1c(orr.lplete burst fr}zllctur% mpr]phqlo-
ies, but it does not take into account the subaxial spine
UPper 73(77.7) 45(86.9) 0192 igevel as a formal discrete category or modifier.? Similgrly,
Middle 79 (84.0) 46 (88.5) 0.466 the Spine Section of the German Society for Orthopedics
Lower 80 (85.1) 46 (88.5) 0.572 and Trauma (DGOU) advocates surgical fixation for com-
Overall 232(82.3) 137 (87.8) 0.127 plete burst fractures of the subaxial cervical spine, while
Scenario 4§ suggesting that rigid orthosis and close observation may be
A3 ci)nsidg:red gor neur(2)7loI%Iically intz;lct Faticlznt; v;/lith itécomi
ete burst fracture.?’” However, the level of the subaxia
Upper 22(234) 24(46.2) 0.005 Ic)erVical fracture is not taken into account by the DGOU
Middle 24(25.5) 25 (48.1) 0.006 algorithm.”” Our novel finding of a consistent global prefer-
Lower 40 (42.6) 25 (48.1) 0.520 ence for operative intervention for fractures located at the
Overall 86 (30.5) 74 (47.4) <0.001 cervicothoracic region, compared with fractures at the up-
A per and middle regional cervical regions, was evident even
Upper 53 (56.4) 39 (75.0) 0.026 in patients with signiﬁcan_t com_orbidi.ties (p = 0.002). As
Middle 64 (68.1) 1 (78.8) 0167 such, we.advoca_te for qonslqeratlpn of 1nclu31op of the level
of subaxial cervical spine injury in future classification and
Lower 70 (74.5) 4 (788) 0.553 treatment algorithms.
Overall 187 (66.3) 121 (77.6) 0.014 Unfortunately, there is a distinct paucity of prospective
CONTINUED IN NEXT COLUMN » data that directly compare surgical outcomes after opera-

tive and nonoperative management of subaxial cervical
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TABLE 6. Management strategies for A3 versus A4 subaxial cervical spine fractures

Subaxial Cervical Management Strategy
Spine Level Surgery Rigid Orthosis OR (95% CI)* 0 Value
Scenario 1t
Upper
A3 34(21.9) 121 (78.1)
— <0.
A4 104 (67.5) 50 (32.5) 7.40 (4.45-12.31) 0.001
Middle
A3 43(27.9) 11 (724)
— <0.
A4 11 (72.) 43(279) 6.66 (4.05-10.96) 0.001
Lower
A3 61(39.6) 93 (60.4)
4.50 (2.77-7.31 <0.001
A4 115 (74.7) 39 (25.3) 50 ( 31) 0.00
Scenario 2%
Upper
A3 20 (13.0) 134 (87.0)
—_ <0.
Ad 73 (47.4) 81 (52.6) 6.04 (3.43-10.64) 0.001
Middle
A3 22 (14.3) 132 (85.7)
- <0.
A4 87 (56.5) 67 (43.5) 7.79 (4.48-13.54) 0.001
Lower
A3 41(26.6) 13 (73.4)
- <0.
A4 93 (60.4) 61(39.6) 4.20 (2.60-6.80) 0.001
Scenario 3§
Upper
A3 66 (43.1) 87 (56.9)
- <0.
A4 123 (80.4) 30 (19.6) 5.40 (3.24-9.01) 0.001
Middle
A3 78 (51.0) 75 (49.0)
- <0.
A4 130 (85.0) 23 (15.0) 5.43 (3.15-9.37) 0.001
Lower
A3 91 (59.5) 62 (40.5)
- <0.
A4 132 (86.3) 21 (13.7) 4.28 (2.44-7.51) 0.001
Scenario 4
Upper
A3 49 (32.0) 104 (68.0)
- <0.
A4 97 (63.4) 56 (36.6) 3.68 (2.29-5.90) 0.001
Middle
A3 52 (34.0) 101 (66.0)
_ <0.
A4 109 (71.2) 44 (28.8) 4.81(2.96-7.81) 0.001
Lower
A3 68 (44.4) 85 (55.6)
_ <0.
A4 116 (75.8) 37 (24.2) 3.92 (2.40-6.39) 0.001
Boldface type indicates statistical significance (p < 0.05). Values are shown as number (percent) unless indicated
otherwise.

* Indicates the likelihood of surgical intervention for A4 fracture compared with A3 fracture.

T Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10) on mobilization, stable cervical spine,
and deemed fit for surgery.

T Patient without neurological deficits, minimal cervical axial pain (VAS < 4/10) on mobilization, stable cervical spine,
significant comorbidities, and deemed fit for surgery.

§ Patient without neurological deficits, significant cervical axial pain (VAS = 5/10) on mobilization, stable cervical spine,
and deemed fit for surgery.

1 Patient without neurological deficits, significant cervical axial pain (VAS = 5/10) on mobilization, stable cervical spine,
significant comorbidities, and deemed fit for surgery.
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spine fractures stratified by level of injury. Koivikko et al.
examined 69 neurologically intact patients with burst or
teardrop fractures who underwent either surgical decom-
pression and stabilization or skull traction and halo brac-
ing.?! The operative cohort experienced superior outcomes
with respect to improved Frankel grade of neurological
status, reduced spinal canal narrowing, and less kyphotic
deformity compared with the nonoperative group.”' Im-
portantly, 67 of 69 patients had middle and lower cervi-
cal fractures (C5-7). Toh et al. and Fisher et al. concurred
with the role of surgical intervention for fractures of the
middle and lower cervical spine, and they advocated for
an anterior rather than posterior or conservative approach
owing to superior decompression and overall outcome.?8?
Overall, these studies favored operative intervention for
the management of lower cervical fracture, which is con-
sistent with the preferences expressed in our global survey.
Nonetheless, there is still a need for randomized trials to
confirm this apparent treatment benefit.

Numerous treatment algorithms, with varying degrees
of usability and reliability, have been proposed to guide
clinical decision-making for the management of subaxial
cervical spine fracture. The Allen and Ferguson system
attempted to classify injuries according to six main mech-
anisms of injury but is based on findings on plain radiog-
raphy, which Song et al. argued makes it less applicable to-
day.®* Likewise, the Harris classification divides subaxial
cervical spine injuries into five categories on the basis of
mechanism.> On the other hand, the pioneering AO Spine
Subaxial Injury Classification System introduced by Vac-
caro et al. in 2016 divides injuries into three main catego-
ries: type A (compression), type B (distraction), and type
C (translation). Each category introduces fracture patterns
in a logical gradated manner of increasing severity.® This
methodological classification has shown serviceable intra-
observer and interobserver reliability for all categories.®
Our study provided original compelling evidence that type
A4 complete burst fracture is overwhelmingly believed to
be more severe than A3 incomplete burst fracture, and
thus more likely to be operatively managed irrespective of
patient comorbidity status (p < 0.001).

This is not to state that the algorithm is beyond refine-
ment. Indeed, others have challenged the reliability of the
AO Spine Subaxial Injury Classification System. Silva
et al. astutely noted that B type and facet injuries are of-
ten poorly distinguished.”® Only the extremes of injuries,
whether minor or severe, were reliably rated while the use
of facet modifiers was relatively imprecise and difficult to
assess.!® Hitti et al. also attempted to modify the system
by incorporating comorbidities, such as osteoporosis, in
an attempt to predict failure of nonoperative treatment.'
The significance of using modifiers to address addition-
al determinants of stability was addressed by Divi et al.,
who incorporated important conditions such as ankylos-
ing spondylitis or diffuse idiopathic skeletal hyperostosis
into the system.”' It is evident that treatment algorithms are
continuously evolving. We propose, much like Schleicher
et al., that not only does fracture morphology carry impor-
tance but also the level of the affected subaxial cervical
region.”? Indeed, fracture location at a junctional region
has already been incorporated into the validated Spine In-
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stability Neoplastic Score as contributing additional points
toward instability.*

The rationale behind developing a subaxial cervical
spine algorithm is the sizable morbidity and mortality rate
attributed to these devastating fractures. Sokolowski et al.
found that the overall acute mortality rate for all patients
with cervical spine injury was 5.92%.!* On subgroup anal-
ysis, the elderly population age 65 years or older had an
astonishingly high acute mortality rate of 18%.3* Overall,
86% of elderly patients age 65 years and older survived,
compared with 96.1% of their younger counterparts. When
Lenoir et al. exclusively evaluated patients with unstable
fracture of the cervicothoracic junction, they found an even
higher mortality rate of 23%. This observed variability in
overall survival rate across the subaxial cervical spine was
reflected in our international study, which demonstrated
that statistically significant variations in management do
indeed exist according to the subaxial cervical region af-
fected.®

A criticism that may be leveled against any spine frac-
ture treatment algorithm is its applicability and general-
izability. Management preferences may vary according to
region and surgeon experience, as well as between surgi-
cal specialties. We investigated all of these factors in our
global survey. Generally, there were no significant dis-
crepancies in management preferences across the three
stratified regions of the Americas, Europe, and finally the
combined region of Africa, Asia, and the Middle East. The
only noteworthy finding was that European spinal special-
ists were less inclined to offer surgical management for
A3 fractures than their American and Asian colleagues (p
= 0.019). Misalignment acceptance rates were also similar
across geographic regions. This is a testament to the uni-
versality of the AO Spine Subaxial Injury Classification
System.

From an experiential standpoint, surgeons with more
than 10 years of experience were more likely to operative-
ly manage incomplete (p < 0.001) and complete (p < 0.001)
burst fractures than their younger colleagues. It could be
argued that there is evidence in the overall surgical popu-
lation that experienced surgeons may have lower postop-
erative complication and mortality rates than younger sur-
geons and therefore we should defer to their experience.?
Alternatively, these better outcomes could be attributed to
other factors, such as the experienced surgeon’s skillset
rather than their decision-making. This is an intriguing
finding with potential for further investigations to evaluate
postoperative outcomes in this particular population ac-
cording to surgeon experience.

Finally, neurosurgeons preferred operative intervention
for the management of traumatic A3 (p < 0.001) and A4
(p <0.001) fractures in comparison with their orthopedic
colleagues on pooled analysis. However, it is telling that
both groups agreed regarding the management of both A3
(p = 0.866) and A4 (p = 0.368) junctional fractures in the
lower subaxial cervical region, despite offering different
treatment strategies for fractures in the upper and middle
regions. It has been suggested that neurosurgeons perform
a higher overall volume of spinal procedures during their
training than orthopedic surgeons, but they do have a re-
duced focus on spinal deformity surgery.’” The purpose



of highlighting potential intrinsic specialty bias regarding
management preferences is to raise self-awareness among
spinal surgeons and encourage multidisciplinary discus-
sion.

Another consideration for our survey was the potential
for nuances in radiological interpretation and classifica-
tion of fracture types to act as confounders of variations
in treatment strategy. Fortunately, Schroeder et al. already
demonstrated that the interpretation of A3 and A4 frac-
tures, as incomplete and complete burst fractures in the
thoracolumbar spine, is not affected by region or experi-
ence.® However, this has yet to be definitively shown for
the subaxial cervical spine. Our didactic survey circum-
vented this potential for radiological bias by evaluating
preferences for surgical or nonoperative management with
predefined incomplete and complete subaxial fractures.

A major strength of our study was the global nature of
our survey, spanning six distinct geographic regions. Par-
ticipants had varying levels of experience, backgrounds,
and specialties. We also assessed clinician surgical strat-
egy directly with questions as well as indirectly with sev-
eral clinical vignettes. The fact that our study eliminated
radiological interpretation of fracture subtype as a poten-
tial confounder of management preference was also an ad-
vantage. However, our study was not without limitations.
Rather than being based on prospective randomized clini-
cal data, our conclusions were drawn from international
clinician opinions. Although we achieved statistical sig-
nificance for our primary and secondary outcomes, only
57% of addressed participants responded and the major-
ity of our participants were from academic spine centers.
This may lend a degree of confidence that we gathered
data from involved experts working in leading tertiary in-
stitutions, but this may also mean that the results carry less
external validity given the potential for volunteer bias. As
with any survey, there is also a potential for nonresponder
bias. However, we attempted to counteract this by using a
simple random sampling scheme. Our subgroup analysis
was also limited by the fact that some geographic areas
were underrepresented, such as Asia and North America,
and therefore had to be combined with their nearest neigh-
boring geographic region. It is evident that there is still a
need for large high-quality prospective trials to elucidate
the optimal management strategy for fractures across the
subaxial cervical spine.

As Joaquim et al. and Cruz et al. previously posited,
accurate decision-making guided by an algorithm may not
only lead to patients undergoing operative intervention in
a timely fashion, but also decrease the number of patients
who undergo an operation, and are therefore exposed to
its associated risks, that may not necessarily be indicat-
ed.'®¥40 Our international survey is the first to encapsulate
the current management preferences for incomplete and
complete burst fractures of the subaxial cervical spine.
This is especially important given the current dearth of
clinical patient data relating to patient outcomes after
these potentially devastating neurological injuries.

Conclusions
The subaxial cervical spine should not be considered

Kweh et al.

a single unified entity. Fractures of both the A3 and A4
subtypes were more likely to be surgically managed if
they occurred at the cervicothoracic junction compared
with those at the upper or middle subaxial regions. There
was significant management variation between A3 and A4
injuries across the subaxial cervical spine, with surgeons
displaying a greater preponderance to operatively manage
the latter fracture morphology subtype. These findings
warrant further investigation in multicenter randomized
trials prior to incorporation into future algorithms for the
treatment of subaxial cervical spine trauma.
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