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Methods: Respondents numerically graded each variable within
the classification system for severity. Based on the results, a
Sacral AO Spine Injury Score (AOSIS) was developed.

Results: A total of 142 responses were received. The classification
exhibited a hierarchical Injury Severity Score (ISS) progression
(A1: 8 to C3: 95) with few exceptions. Subtypes B1 and B2 fractures
showed no significant difference in ISS (B1 43.9 vs. B2 43.4,
P= 0.362). In addition, the transitions A3→B1 and B3→C0 repre-
sent significant decreases in ISS (A3 66.3 vs. B1 43.9, P< 0.001; B3
64.2 vs. C0 46.4, P< 0.001). Accordingly, A1 injury was assigned a
score of 0. A2 and A3 received scores of 1 and 3 points, respectively.
Posterior pelvic injuries B1 and B2 both received a score of 2. B3
received a score of 3 points. C0, C1, C2, and C3 received scores of 2,
3, 5, and 6 points, respectively. The scores assigned to neurological
modifiers N0, N1, N2, N3, and NX were 0, 1, 2, 4, and 3, re-
spectively. Case-specific modifiers M1, M2, M3, and M4 received
scores of 0, 0, 1, and 2 points, respectively.

Conclusions: The results of this study validate the hierarchical
nature of the AO Spine Sacral Classification System. The Sacral
AOSIS sets the foundation for further studies to develop a
universally accepted treatment algorithm for the treatment of
complex sacral injuries.

Level of Evidence: Level IV—Diagnostic.

Key Words: AO Spine, classification, validation, injury severity,
injury score, spine trauma, sacral fracture, pelvic fracture

(Clin Spine Surg 2023;36:E239–E246)

Sacral fractures are associated with significant morbid-
ity and present in a bimodal distribution resulting from

high-energy traumatic injuries in young patients and low-en-
ergy insufficiency fractures in elderly patients.1,2 The incidence
of sacral fractures for both populations is increasing.1,3 Not-
withstanding, the lack of an appropriate conceptual frame-
work in classifying sacral fractures continues to impede the
conception of standardized treatment protocols and evaluation
of outcomes. Previously described sacral fracture classification
schemas are descriptive, lack reliability, and have no clinical
correlations regarding the prognosis or management of
patients.4–11 This has led to a dearth of high-quality evidence
regarding the management of sacral fractures. As a result, the
treatment of these injuries is currently determined on a case-by-
case basis subject to the discretion of the surgeon.2

In an attempt to overcome these limitations, the AO
Spine Knowledge Forum Trauma partnered with pelvic
trauma experts from AO Trauma to develop the AO Spine
Sacral Classification System, a concise and comprehensive
scheme facilitating the communication, education, research,
and standardized treatment of sacral fractures (Fig. 1).12 This
classification uses the basic AO Spine Trauma Classification
system, which separately evaluates 3 items: (1) morphology
of the injury, (2) neurological status, and (3) clinical
modifiers. Fracture morphology consists of 3 subtypes:
type A (lower sacrococcygeal injuries), type B (posterior
pelvic injuries), and type C (spinopelvic injuries). It is a
hierarchical system in which each morphologic type is

subdivided into increasing numerical subtypes based on the
energy of injury, with higher numbers ascribed to increased
injury severity. The same neurological classification is used
throughout the entire spinal column: N0—neurologically
intact, N1—transient neurological deficit, N2—radicular
symptoms, and N3—incomplete spinal cord injury or any
degree of cauda equina syndrome, N4—complete spinal cord
injury, and NX—patients that cannot be examined due to
secondary causes. However, N4 is not anatomically relevant
in the setting of sacral fractures and therefore not applicable.
Case-specific clinical modifiers include M1—soft tissue in-
jury, M2—metabolic bone disease, M3—anterior pelvic ring
injury, and M4—sacroiliac (SI) joint injury.

Although substantial interobserver and intra-
observer reliability of the AO Spine Sacral Classification
System has been established, the hierarchical nature of the
classification has yet to be validated.12 Establishing the
perceived severity of fractures by surveying spine and
trauma surgeons of all types from around the world who
represent a diverse array of practice patterns is essential to
developing a universally adopted instrument that will
drive clinical decision-making. From the severity scores,
an accompanying scoring system can then be created as an
important first step in developing a classification system
that will be used to standardize the treatment of complex
sacral injuries. Such a scoring system can help mitigate
variation in management by allowing objective data to
drive treatment facilitating higher level studies.

The purpose of this is study is to describe surgeons’
perceptions of injury severity for fracture categories and
modifiers included in the AO Spine Sacral Classification sys-
tem, and to understand how surgeon region, experience, and
subspeciality affect the perception of injury severity. From this
data, the Sacral AO Spine Injury Score (Sacral AOSIS) is de-
veloped to accompany the classification system. This will set the
stage for forthcoming studies to investigate surgical thresholds
to establish a treatment algorithm for sacral fractures.

METHODS

Data Collection
A survey was sent to 164 AO Spine members from

6 different world regions (Europe, North America, South
America, Africa, Asia, and the Middle East). The re-
spondents’ surgical subspecialty and number of years in
practice was collected. Respondents were presented with
individual unlabeled figures adapted from the AO Spine
Sacral Classification System poster (Fig. 1) represen-
ting each fracture subtype in randomized order. Each
depiction was numerically graded for the severity of
injury on a scale of 0–100. A grade of 0 was defined as a
minimal injury that would not warrant surgical inter-
vention, whereas a grade of 100 represented the most
severe injury in need of urgent surgical stabilization. In
addition, the components of the sacral spine classi-
fication system including neurological status and patient-
specific modifiers were also graded on a scale of 0–100.
Surgeon’s responses were used to generate a perceived
Injury Severity Score (ISS).
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The survey results and ISSs were synthesized to
develop a relative hierarchy of sacral spine injury severity
with an accompanying point system, described as the Sa-
cral AOSIS. The Sacral AOSIS employed an integer-based
point system for each variable, as noninteger values would
be impractical for clinical application. Following the ini-
tial interpretation of survey results, the AO Spine
Knowledge Forum Trauma provided limited input to
ensure certain aspect of clinical practice would be captured
into the scoring system. Accordingly, if point designations
proportionally deviated from the corresponding difference
in ISS (ΔISS) between components of the classification
scheme, such designation was justified in detail.

Statistics
The sacral ISS was summarized for all respondents

and stratified by surgeon demographics of geographic
region (Europe and Americas), years of practice experience

(< 5, 5–10, 11–20, > 20), and subspecialty (orthopedics and
neurosurgery). Descriptive statistics were performed to
provide mean and SD. Mean ISS within a fracture subtype
was compared across geographic regions and surgical sub-
specialties with a Wilcoxon rank-sum test and across years
of experience with a Kruskal-Wallis test. Pairwise post hoc
analysis compared mean ISS across classification system
hieratical variables. Statistical significance was defined at
0.05. The analysis was performed using the statistical soft-
ware SAS, version 9.4 (SAS Institute).

RESULTS

Evaluation of Perceived Severity
Of the 164 surgeons invited to participate, 142

responded to the survey (Table 1). The overall ISS are
summarized by fracture subtype, neurological status, and
clinical modifier in Figure 2. When ISSs were stratified by

FIGURE 1. The AO Spine Sacral Classification System. Permission to use this figure was granted by the AO Foundation, AO Spine,
Switzerland. Copyright AO Foundation, AO Spine, Switzerland, Davos, Switzerland. All permission requests for this image should
be made to the copyright holder.
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orthopedic versus neurosurgeons, there were significant
differences across fracture subtypes and case modifiers,
but not neurological status (Table 2). The subtypes with
significant subspecialty ISS differences included A3
(displaced transverse below SI joint, P= 0.016), B2
(transalar, P= 0.020), C0 (nondisplaced U type,
P= 0.044), C2 (bilateral complete type B, P= 0.031),
and C3 (displaced U type, P= 0.022) with neurosurgeons
perceiving all the aforementioned fracture subtypes as

more severe than orthopedic surgeons. Within clinical
modifiers, only M2 (metabolic bone disease) was perceived
as more severe by neurosurgeons than orthopedic
surgeons (P= 0.019). Further ISS subgroup analysis did
not yield significant differences in injury severity for
fracture subtypes (except for A1, P= 0.011), case
modifiers, or neurological modifiers based on surgeon
world region or years of experience (Table 2).

Overall, the results demonstrate a hierarchy with in-
creased ISS for fracture subtypes, neurological status, and
clinical modifier categories (Table 2). However, the perceived
injury severity does deviate from stepwise hierarchical
progression in particular instances. Sequential fracture
subtypes are sometimes equivalent in severity, and the
transition between morphology types is sometimes
associated with a decrease in ISS. For example, within the
posterior pelvic injury morphology category B, no significant
difference in ISS was found between subtypes B1 (central) and
B2 (transalar) fractures (B1 43.9 vs. B2 43.4, P=0.362).
Furthermore, the transitions from A3 (displaced transverse
below SI joint) to B1 (central fracture), and B3
(transforaminal) to C0 (nondisplaced U type), represent
statistically significant decreases in perceived fracture
severity (A3 66.3 vs. B1 43.9, P<0.001; B3 64.2 vs. C0 46.4,
P<0.001). Despite these granular differences, the substantial

TABLE 1. Demographics
Category Characteristic Respondent [n (%)]

Geographic region North America 12 (8.5)
Central and South America 28 (19.7)

Europe 52 (36.6)
Africa 8 (5.6)
Asia 27 (19.0)

Middle East 15 (10.6)
No. years in practice < 5 y 28 (19.7)

5–10 y 32 (22.5)
11–20 y 51 (35.9)
> 20 y 31 (21.8)

Surgical subspecialty General orthopedics 4 (2.8)
Orthopaedic spine surgery 93 (65.5)
Orthopaedic trauma surgery 12 (8.5)

Neurosurgeon 33 (23.2)

FIGURE 2. The assigned point value of the Sacral AO Spine Injury Score (AOSIS) is listed beside each fracture subtype, neurological
status, or clinical modifier. The average perceived Injury Severity Score (ISS) is listed below each fracture subtype, neurological
status, or clinical modifier. ΔISS—difference in average ISSs between fracture subtypes, associated P-value indicates statistical
significance; N—neurological status; M—clinical modifier.
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increase in injury severity from A1 to C3 (ISS: 8 to ISS: 95,
respectively) validates the hierarchical nature of the AO Spine
Sacral Classification System.

Development of the Sacral AOSIS
Based on the ISS progression, AO sacral injury

subtypes were assigned integer point values beginning with
A1, the least severe fracture pattern, defined as zero
(Fig. 2, Table 3). Following the severity hierarchy, A2 was
assigned 1 point considering it is a nondisplaced sacral
fracture. A3 was assigned 3 points given the ΔISS of 36
from A2, likely secondary to the concern for instability
and neurologialc injury in a displaced transverse pattern.
The points assigned for posterior pelvic injuries B1 and B2
are both 2, given similar severity to one another
(P= 0.362) and greater stability compared with the A3
pattern. B3 was assigned 3 points given the ΔISS of 21
from B2. C0 was designated as 2 points because it
represents a nondisplaced, low-energy spinopelvic injury.
A C1 injury, which may result in spinopelvic instability,
was assigned 3 points. C2 and C3 morphologies were
assigned 5 and 6 points, respectively, due to the ΔISS of 11
points between a C2 and C3 injury. Both injuries are
unstable bilateral injuries associated with a high likelihood
of neurological disruption, which resulted in a large
increase of the ISS compared with C1 injuries.

Neurological status and clinical modifiers were also
graded on an integer point system (Fig. 2, Table 3). With
respect to neurological injury, there was an uneven step-
wise progression, with large severity change, between N2
(radicular symptoms) and N3 (cauda equina) classifications.
Consequently, the points assigned to N0 (neurology intact),
N1 (transient deficit), N2 (radicular), and N3 (cauda equina)
modifiers were 0, 1, 2, and 4, respectively. In the scenario
where a neurological examination was not possible (NX), a
score of 3 was selected because severe neurological injury
cannot be ruled out.

The clinical modifiers of soft tissue injury (M1) and
metabolic bone disease (M2) were of similar severity relative
to one another and were assigned 0 points since neither injury
has robust evidence supporting an increased likelihood for
operative intervention. These scores were then set as the
baselines for modifier injuries. Given the ΔISS increase of 14
between an M2 and M3 injury, an anterior pelvic ring (M3)
injury was assigned 1 point. The resultant additional ΔISS of
7 between an M3 and M4 resulted in these injuries being
assigned a score of 2 points (Fig. 2, Table 3).

DISCUSSION
The AO Spine Sacral Classification System was

developed as a comprehensive schema to classify complex
sacral injuries to facilitate communication, education, re-

TABLE 2. Perceived Injury Severity Score

Sacral
fracture
classification

World region Years of experience Surgical subspecialty Total

Europe Americas

P

< 5 y 5–10 y 11–20 y > 20 y

P

Orthopedics Neurosurgery

P

n= 142 (A, B1–
B2, C), n= 141
(B3), n= 140
(N0–N4),

n= 139 (NX)

n= 52
(A–C),
n= 51
(N, M)

n= 40 (A,
B1–B2, C),
n= 39 N1–
N4, M),

n= 38 (NX)

n= 28
(A–C,
N1–N4,
M),

n= 27
(NX)

n= 32
(A, B1–
B2, C),
n= 31
(B3, N,
M)

n= 51
(A–C,
N, M)

n= 31
(A–C),
n= 30
(N, M)

n= 93 (A,
B1–B2, C),
n= 92 (B3,
N1–N4, M),
n= 91 (NX)

n= 33
(A–C),
n= 32
(N, M)

A1 8.5 6.0 0.011* 6.4 9.2 8.6 6.2 0.272† 7.6 8.5 0.669* 7.8 (6.7)
A2 19.6 16.8 0.116* 16.1 23.0 21.6 15.5 0.056† 18.5 22.7 0.164* 19.5 (14.4)
A3 68.8 62.6 0.236* 61.1 70.5 66.4 66.5 0.423† 63.1 74.2 0.016* 66.3 (23.0)
B1 42.1 47.3 0.158* 44.3 48.8 44.2 38.1 0.111† 42.0 47.3 0.221* 43.9 (17.7)
B2 42.1 42.8 0.780* 43.4 43.5 45.2 40.2 0.776† 40.8 48.0 0.020* 43.4 (16.9)
B3 61.8 63.3 0.537* 65.5 67.3 64.0 60.4 0.261† 62.4 67.2 0.083* 64.2 (15.7)
C0 46.3 47.8 0.830* 48.6 47.7 43.2 48.6 0.632† 43.7 53.2 0.044* 46.4 (23.3)
C1 68.8 67.0 0.923* 67.7 68.1 68.5 65.8 0.920† 66.9 68.8 0.477* 67.7 (15.1)
C2 82.6 85.8 0.119* 85.4 81.7 82.5 85.8 0.520† 82.1 88.2 0.031* 83.6 (13.6)
C3 95.5 97.2 0.327* 96.2 94.1 95.0 95.9 0.932† 94.8 97.1 0.022* 95.2 (8.2)
N0 6.2 7.9 0.774* 6.1 12.7 7.5 6.6 0.373† 7.5 10.5 0.233* 8.2 (17.3)
N1 34.9 30.4 0.372* 28.6 38.4 32.0 32.3 0.418† 32.8 34.7 0.931* 32.8 (19.1)
N2 43.9 44.2 0.938* 42.5 46.3 38.2 47.0 0.204† 42.7 44.2 0.601* 42.7 (20.3)
N3 81.5 82.8 0.360* 84.5 84.2 77.1 80.2 0.290† 80.5 83.3 0.277* 80.8 (16.7)
N4 91.9 91.7 0.651* 90.5 93.8 86.7 87.3 0.612† 88.6 90.6 0.192* 89.2 (19.4)
NX 61.9 65.1 0.843* 59.4 66.9 60.7 66.5 0.691† 62.0 68.6 0.297* 63.1 (28.9)
M1 48.9 45.5 0.534* 48.9 46.9 46.7 44.2 0.950† 44.3 44.1 0.979* 46.6 (24.8)
M2 51.2 52.2 0.856* 45.1 53.7 55.1 56.0 0.107† 50.8 60.3 0.019* 53.0 (19.4)
M3 66.7 71.3 0.315* 69.5 67.3 66.0 67.0 0.897† 65.0 73.6 0.071* 67.2 (18.6)
M4 71.9 74.6 0.431* 77.4 74.2 73.9 71.5 0.706† 74.8 69.4 0.155* 74.2 (19.2)

Mean Injury Severity Score is represented. SD is reported for total surveyed cohort.
Bold signifies P< 0.05
*Means are compared with Wilcoxon rank-sum test.
†Kruskal-Wallis test.
N indicates neurological status; NX, not possible; M, clinical modifier.
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search, and appropriate evidence-based treatment of pa-
tients. The substantial reliability of the classification sys-
tem has already been established.12 The current study
validates the hierarchical nature of the scheme’s organ-
ization by querying the perceived severity of sacral frac-
ture subtypes and classification modifiers from surgeons
worldwide. The logical progression of the schema sets the
framework for categorizing patients based on the severity
of their injury. And while the nomenclature of the schema
alone allows for the general understanding of injury se-
verity (ie, morphology: C>B>A; subtype: A3>A2>
A1), to develop an algorithm for the treatment of sacral
trauma, an accompanying scoring system is required. The
ISS data, in conjunction with the clinical expertise of the
AO Spine Knowledge Forum Trauma, was used to de-
velop the Sacral AOSIS. In this situation, expert consensus
and opinion was used to develop the point system given
that randomized treatment of patients with sacral frac-
tures would be unethical in patients with, or at risk of,
neurological injury.

The current study describes the variation in per-
ceived severity of sacral fractures and classification
modifiers by surgeons’ geographic region, years of ex-
perience, and subspeciality. Geographic region and years
of experience were not found to have any significant
impact on the perceived severity of fracture subtypes and
modifiers, underscoring the generalizability of the clas-
sification scheme globally. While classification and
management of spine trauma has been shown to vary
based on these factors, the results demonstrate that the
interpretation of severity is not confounded by regional
or cultural preferences.13–18 Interestingly, there were
significant differences in perceived severity of both frac-
ture subtypes and classification modifiers when evaluat-
ing by subspeciality. Specifically, neurosurgeons assigned
a higher ISS for A3, B2, C0, C2, and C3 fracture types,
as well as the M2 case modifier compared with ortho-
pedic surgeons. This may result from the varying levels

of experience surgical specialties have in treating sacral
fractures. Orthopedic surgeons receive comprehensive
instruction in the treatment of pelvic ring injuries during
their training, which are often associated with sacral
fractures and spinopelvic instability.19 Despite this, all
subspecialties reached a consensus regarding the hier-
archical nature of the classification system.

The results of the ISS determined the Sacral AOSIS
point values. Utilizing the consensus of a large group of
diverse surgeons worldwide with gentle input from a small
group of expert surgeons allowed for the creation of a
point system bereft of treatment biases. Surgeon bias, risk
aversion, treatment costs, access to care, and cultural
tolerance of disability all contribute to treatment biases in
the care of patients with spinal trauma.13,17,20–23

Although fracture morphology was based solely on the
consensus ISSs, both neurological and case-specific modifiers
were scaled down from the ISS in order to limit the weighting
of the modification system relative to the fracture morphol-
ogy. Therefore, even though the transition from N2 to N3
represented a ΔISS of 38 and a clinically significant dis-
tinction in patient presentation, an increase of only 2 points
was assigned to prevent neurological modifiers from dictat-
ing management independently of future clinical algorithms.
Controversy ensues regarding the point value assigned to
patients who are unable to be examined due to secondary
causes (NX). Given the devastating consequences of unstable
spinal injuries and the often associated polytraumatic setting
in these scenarios, NX was assigned a point value just below
that of cauda equina syndrome which is in accord with the
consensus of surgeons.

Analysis of the modifiers resulted in deviations from
the absolute ISS scores to place increased emphasis on
fracture morphology. While both soft tissue injuries (M1)
and metabolic bone disease (M2) were associated with
high ISS scores, these modifiers by themselves do not ne-
cessitate operative management. With respect to soft tissue
injuries, soft tissue trauma overlying the sacral fracture
may result in watchful waiting to allow the soft tissues to
stabilize. Alternatively, severe soft tissue trauma including
Morel-Lavallee injuries, along with an unstable sacral
injury, may lead to either minimally invasive fixation
strategies or surgical management of the Morel-Lavallee
injury during fracture fixation.24 However, fracture fix-
ation in this setting results in a high infection risk and
there is poor evidence to guide appropriate management
at this time.25 When assessing the effect of metabolic bone
disease on injury severity, these injuries may alter fixation
strategies, but injuries in this patient population are often
minimally displaced and typically result in a primary trial
of nonoperative management.26 If nonoperative treatment
fails, and metabolic bone disease is severe, this may lead to
more robust fixation.27 However, metabolic bone disease
alone rarely increases the likelihood of treating a patient
operatively. Therefore, both soft tissue injury and meta-
bolic bone disease modifiers were given an ISS score of 0.
M3 and M4 scores were then based off M1 and M2 scores
as a baseline, which resulted in scores of 1 and 2 points,
respectively.

TABLE 3. Point Allocation
Sacral fracture injury type Classification Points

Lower sacrococcygeal A1 0
A2 1
A3 3

Posterior pelvic B1 2
B2 2
B3 3

Spinopelvic C0 2
C1 3
C2 5
C3 6

Neurological status N0 0
N1 1
N2 2
N3 4
NX 3

Patient-specific modifiers M1 0
M2 0
M3 1
M4 2
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Future studies utilizing the Sacral AOSIS will
establish thresholds for operative management. In a sim-
ilar process to the current study, surgeons in the global
community will be surveyed regarding their treatment
preferences of various clinical scenarios. Taking into
consideration both AOSIS point values and variations
in practice patterns based on both region and surgeon
experience, clinically relevant cutoff values will be des-
ignated to guide management of complex sacral injuries.
The ultimate goal will be to use these surgical thresholds
as the framework for higher level studies in hopes of
establishing a body of literature that standardizes treat-
ment and optimizes patient outcomes.

This study is not without limitations. Given that this
study is a survey of surgeons worldwide, it represents
consensus and expert opinion on the topic of sacral in-
juries. However, several widely adopted severity scales
have used similar methodology including the Abbreviated
Injury Scale, the ISS, and the Glasgow Coma Scale.28–30

Furthermore, the surgeons completing the survey were not
evaluated on their knowledge of sacral trauma. However,
surveying numerous surgeons globally mitigates the in-
fluence any single less experienced surgeon may have on
the results. Granular data regarding experience in treating
sacral fractures based on subspeciality would help under-
stand further the significant differences in severity per-
ceived by orthopedic and neurosurgeons. Moreover, the
surgeons surveyed represent an uneven geographic dis-
tribution and therefore may not accurately represent the
opinion of surgeons from underrepresented regions. Some
regions were excluded in the regional analysis due to a low
response rate. Last, a single integer value was assigned to
fracture subtypes and modifiers based on the stepwise
perception as defined by ISS with few exceptions. How-
ever, the absolute point value assigned is somewhat arbi-
trary to the severity of the injury. Prospective studies
utilizing the Sacral AOSIS are necessary to determine if
further refinement of the point system is required.

CONCLUSION
The results of this study validate the hierarchical

nature of the AO Spine Sacral Classification System.
Following a logical progression, the severity associated
with each fracture subtype and modifier are independent
of surgeon region and experience. The development of
Sacral AOSIS sets the foundation for further studies to
develop a universal treatment algorithm for the clinical
management of complex sacral injuries.
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