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Study Design: Survey among spine experts.

Objective: To investigate the different views and opinions of
clinically relevant spinal post-traumatic deformity (SPTD).

Summary of Background Data: There is no clear definition of
clinically relevant SPTD. This leads to a wide variation in
characteristics used for diagnosis and treatment indications of
SPTD. To understand the current concepts of SPTD a survey
was conducted among spine trauma surgeons.

Methods: Members of the AO Spine Knowledge Forum Trauma
participated in an online survey. The survey was divided in
4 domains: Demographics, criteria to define SPTD, risk factors,
and management. The data were collected anonymously

and analyzed using descriptive statistics, absolute, and relative
frequencies. Consensus on dichotomous outcomes was set to 80%
of agreement.

Results: Fifteen members with extensive experience in treatment
of spinal trauma participated, representing the 5 AO Spine Re-
gions. Back pain was the only criterion for definition of SPTD
with complete agreement. Consensus (≥ 80%) was reached for
kyphotic angulation outside normative ranges and impaired
function. Eighty-seven percent and 100% agreed that a full-spine
conventional radiograph was necessary in diagnosing and
treating SPTD, respectively. The “missed B-type injury” was
rated at most important by all but 1 participant. There was no
agreement on other risk factors leading to clinically relevant
SPTD. Concerning the management, all participants agreed that
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an asymptomatic patient should not undergo surgical treatment
and that neurological deficit is an absolute surgical indication.
For most of the participants the preferred surgical treatment of
acute injury in all spine regions but the subaxial region is pos-
terior fixation.

Conclusion: Some consensus exists among leading experts in the
field of spine trauma care concerning the definition, diagnosis,
risk factors, and management of SPTD. This study acts as the
foundation for a Delphi study among the global spine com-
munity.

Key Words: spinal post-traumatic deformity, consensus, spine
trauma, diagnosis, expert survey, Delphi study

(Clin Spine Surg 2023;36:E94–E100)

Spinal post-traumatic deformity (SPTD) is a complica-
tion of a traumatic injury of the spinal column. After

trauma, some deformity of the spine may be present in
different amount, but when and how a specific deformity
in a specific region of the spine becomes “clinically rele-
vant” SPTD is poorly understood. It is known that SPTD
can lead to impairment of the quality of life and decrease
in function in daily life.1,2 Over a decade ago, a survey was
held by Schoenfeld et al3 among experienced spine trauma
surgeons to reach a consensus on what constitutes
a SPTD. Consensus of the definition of SPTD was a
“painful kyphotic deformity after a spine trauma”. How-
ever, clinically relevant SPTD was not distinguished from
asymptomatic SPTD and no consensus was reached on
more specific patient factors or treatment factors.3

In clinical practice and in research, the lack of a
clear definition of SPTD causes confusion. First, as
SPTD is a complication of a traumatic spine injury, one
could argue that SPTD should be preventable by better
management of the spine injury itself. To compare the
management of the acute injuries and even predict
the chance of development of SPTD you need to have
a good defined outcome. This definition of SPTD is
however nonexisting. Second, patients with SPTD may
need high-risk surgical procedures with unpredictable
outcomes. To compare the different treatments of SPTD
(surgical and nonsurgical) the diagnosis of SPTD should
be uniform.4,5

A new project of the AO Spine Knowledge Forum
(KF) Trauma focusses on defining clinically relevant
SPTD. In the first phase of this project, a systematic re-
view was conducted to search the literature for a de-
scription of definition of SPTD. Literature is still
inconclusive on what exactly constitutes a “clinically rel-
evant” SPTD.6 This review did identify relevant different
domains in the literature such as patient factors (eg, pain
and neurological deficits), radiologic parameters (eg, Cobb
angle, sagittal balance, and Roussouly profile), Patient
Reported Outcome Measurements (PROMs) and in-
dications for surgical intervention in patients with SPTD.

We aim to investigate the expert opinion of the dif-
ferent domains of SPTD. This will lead to the development

of a Delphi study, which will be held among the global AO
Spine community to create a widely supported definition of
clinically relevant SPTD.

METHODS

Study Design and Recruitment of Participants
An online survey was developed and distributed to

the members of the AO Spine KF Trauma. The survey
was developed based on the results of the systematic re-
view and discussion among the experts and included all
factors deemed important. The AO Spine KF Trauma is a
group of 18 leading experts in the field of Spine Trauma.
This group consists of orthopedic surgeons and neuro-
surgeons from all 5 AO Spine regions (Europe and
Southern Africa, Asia Pacific, Latin America, Middle East
and Northern Africa, North America).

Expert Survey
The full survey is available as supplementary data,

Supplemental Digital Content 1, http://links.lww.com/
CLINSPINE/A242. The survey consisted of 4 “Do-
mains”; Domain 1: Demographics, Domain 2: Criteria to
define SPTD and radiologic assessment, Domain 3: Risk
factors, and Domain 4: Management.

Demographics
The first domain consisted of 5 questions on the dem-

ographics of the participants: their region, years of experi-
ence, subspecialty (orthopedic or neurosurgical), and work
setting (academic hospital, general hospital, and private).

Criteria to Define SPTD and Radiologic Assessment
The second domain consisted of 13 questions about

the different criteria that needed to be fulfilled to define a
clinically relevant SPTD (answers per factor: should be
fulfilled or not fulfilled). The factors that were included for
definition of SPTD were: amount of deformity, dis-
turbance of sagittal balance (including most relevant pa-
rameter), back pain (including a Visual Analogue Scale of
pain), impaired function (including Oswestry Disability
Index and walking distance), secondary progression after
treatment of the acute spine trauma (surgical vs. bracing),
persisting instability or nonunion, disk degeneration, and
the time frame of development of SPTD after trauma. The
preference on the type of radiologic examinations was
explored [standing local conventional radiogram (CR),
dynamic CR, full-spine CR, computed tomography–scan,
magnetic resonance imaging (MR)-scan and bone quality
assessment] for diagnosis and treatment of SPTD. The
radiologic examinations were rated on a 2-point scale:
“optional” or “strongly necessary”.

Risk Factors
The third domain contained 4 questions: 3 ranking

questions (radiologic/morphologic, patient-related, and
treatment of spine trauma) about the risk factors for de-
velopment of SPTD and 1 multiple choice question on the
degree of risk per spine region. The question on radiology/
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morphology contained 6 factors, the question on patient-
related factors contained 9 factors and the question on
treatment of spine trauma contained 8 factors. The rank-
ing was from “most important” (assigned number 1) to
“least important” and the number of ranks equaled the
number of factors per question. The factor with the lowest
mean is rated the most important. The risk per spine re-
gion (subaxial, cervicothoracic, mid-thoracic, thor-
acolumbar, and lumbar) was rated on a 3-point scale: low
risk, moderate risk, or high risk.

Management of the Primary Injury and Indications
for Surgery in SPTD

The last domain contained questions about the con-
sequences of type of management of acute spine trauma on
the development of SPTD and the indications for treatment
of patients with SPTD. The first 7 questions assessed
whether certain treatments of acute spine trauma have an
impact on the development of SPTD. The experts were
asked which treatment they preferred (bracing, posterior,
anterior, or combined surgery) in a neurologically intact
patient with an unstable spine injury for the different re-
gions of the spine. To further specify on which surgical
treatment (anterior or posterior alone) for acute spine
trauma could increase the risk on SPTD in the different

spine regions, the participants were asked to score the risk
on a 3-point scale (yes, possible, or no). If yes or possibly
was indicated, an additional question per spine region was
opened to ask whether this risk was dependent on fracture
type, bone quality, or something else. The following ques-
tion of the survey assessed whether there are certain
Roussouly type sagittal profiles that increase the risk of
development of SPTD.7 The answers were yes, no, or
possibly for each of the different sagittal profiles according
to Roussouly. The last question was about the different
indications (relative or absolute) for surgical treatment of
patients with SPTD. The following indications were con-
sidered: asymptomatic, pain, progressive radiologic de-
formity, physical dysfunction, neurological deficits, and
cosmetic concerns.

Data Collection and Analysis
The survey was distributed with RedCap (REDCap

Software—Version 6.5.2—© 2020 Vanderbilt University)
between 23 January 2020 and 29 February 2020. Re-
minders were sent out weekly until the survey was com-
pleted. The response of each participant was assigned a
study identification number for anonymous analysis
of the collected data. The analysis was performed by
a blinded researcher for the identification code of the
participants.

The data of Domains 1, 2, and 4 was analyzed using
descriptive statistics, absolute, and relative frequencies.
Consensus for dichotomous outcomes was set at 80%
agreement between participants.8–10 The data of Domain
3 was analyzed with frequency analysis and means for the
rating questions.

RESULTS

Domain 1: Demographics
The survey was distributed to 18 KF Trauma

members and completed by 13 orthopedic surgeons and 2
neurosurgeons; 1 member completed the survey partially.

TABLE 1. Criteria That Need to be Fulfilled to Define SPTD
Criteria Fulfilled* Not Fulfilled*

Kyphotic angulation outside normative
ranges†

14 1

Degree of angulation:
> 10 degrees 3
> 20 degrees 5
> 30 degrees 6

Sagittal imbalance 10 5
Most relevant measurement
SVA > 5 cm 6

Pelvic rotation 4
Back pain† 15 0
Visual Analogue Scale of pain

> 1 0
> 4† 12
> 7 3

Impaired function† 13 2
Oswestry Disability Index

> 40% 9
> 60% 4

Walk distance
Unlimited 5
< 1 km 2
< 100 m 6

Secondary progression 9 6
Persisting instability or nonunion 6 9
Disc degeneration† 2 13
Development of SPTD

Irrelevant 2
Within 0–2 mo 3
Within 2–6 mo 7
Within 6–12 mo 1
After 12 mo 2

*Number of participants.
†Agreement ≥ 80% is reached
SPTD indicates spinal post-traumatic deformity; SVA, sagittal vertical axis.

TABLE 2. The Radiographic Assessment Necessary to Perform
for Diagnosis and for Treatment of SPTD

Strongly Necessary Optional No Answer

Radiographic
Assessment Diag. Treat. Diag. Treat. Diag. Treat.

Standing local
CR*

13 11 2 3 0 1

Dynamic CR 3 7 12 7 0 1
Full-Spine CR* 13 15 2 0 0 0
CT-scan 10 10 5 4 0 1
MR-scan* 6 12 9 3 0 0
Bone quality
assessment

2 6 12 9 1 1

*Agreement ≥ 80% is reached.
CR indicates conventional radiography; CT, computed tomography; Diag.,

diagnosis; MR, magnetic resonance imaging; SPTD, spinal post-traumatic de-
formity; Treat., treatment.
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Six were from Europe and Southern Africa, 3 from North
America, 3 from Asia Pacific, 2 from Latin America, and
1 from the Middle East and Northern Africa. The expe-
rience of the participants ranged from 5 to 10 years to
more than 20 years. Of the participants 73% worked at an
Academic medical institution, 20% at a general hospital,
and 7% in private practice.

Domain 2: Criteria to Define SPTD
and Radiologic Assessment of SPTD

The participants reached unanimous agreement on
the presence of “Back pain” as a necessary criterion to

define clinically relevant SPTD and agreement that the
Visual analogue scale of pain (80%) should be ≥ 4 out of
10. The items “kyphotic angulation” (93%) and “impaired
function” (87%) also reached agreement. On “disc de-
generation” the participants agreed that it was not a
necessary criterion (87%).

Concerning the radiologic assessment for the diag-
nosis of SPTD standing local CR and Full-Spine CR were
strongly necessary for the diagnosis of SPTD. For treat-
ment choices of SPTD agreement was reached for the
necessity for a full-spine CR and an MR-scan. The results
are summarized in Tables 1 and 2.

FIGURE 1. The factor at the top of the figure had the lowest mean, thus was rated as most important and the factor at the bottom
had the highest mean (rated least important). (1) the 6 radiologic/morphologic factors are displayed; (2) the 9 patient-related
factors are displayed; (3) the 8 treatment-related factors are displayed. PLL indicates posterieur longitudinal ligament.

FIGURE 2. The factor at the top of the figure had the lowest mean, thus was rated as most important and the factor at the bottom
had the highest mean (rated least important). (1) the 6 radiologic/morphologic factors are displayed; (2) the 9 patient-related
factors are displayed; (3) the 8 treatment-related factors are displayed. BMI indicates body mass index.
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Domain 3: Risk Factors for Development of SPTD
Figure 1 shows the radiographic/ morphologic factors,

no factor reached a consensus. Overall, the “kyphotic
angulation” was rated as the most important factor (mean
2.4; ranking interval 1–6) and the “Spinal Curvature” as the
least important (mean 4.9; ranking interval 1–6).

Figure 2 shows the different patient-related
risk factors, no consensus was reached. “Bone quality”
(mean 2.7; ranking interval 1–5) and “Neurological deficit”
(mean 2.9; range 1–6) were rated most important and
“Medical comorbidities” as least important (mean 7.5;
ranking interval 3–9).

Figure 3 shows the ranking of the treatment-related
risk factors. The factor “missed type B-injury” (mean 1.1;

ranking interval 1–2) was ranked by 14 out of the 15
participants as most important factor.

When comparing the risk probability of the various
spine regions to develop SPTD, thoracolumbar spine was
ranked as high risk by 80% (Fig. 4).

Domain 4: Management of the Primary Injury
and Indications for Surgery in SPTD

Table 3 shows the results which treatment of an acute
spine fracture might prevent SPTD. Agreement (80%) was
reached that rigid bracing and longer duration of the bracing
of an acute spine injury do not prevent SPTD. Eighty-seven
percent agreed that minimally invasive surgery for acute
spine injury does not prevent SPTD more than open surgery.

FIGURE 3. The factor at the top of the figure had the lowest mean, thus was rated as most important and the factor at the bottom
had the highest mean (rated least important). (1) the 6 radiologic/morphologic factors are displayed; (2) the 9 patient-related
factors are displayed; (3) the 8 treatment-related factors are displayed. MIS indicates minimally invasive surgery.

FIGURE 4. Risk of development of spinal post-traumatic deformity (SPTD) in the different spine regions. This figure shows the
assessment of risk on development of SPTD by the participants, clustered by the various regions of the spine. Risk of SPTD can be
classified either low, moderate, or high for each spine region.
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Monoaxial screws concerning the sagittal profile, no
agreement that certain Roussouly types could promote the
development of SPTD was reached.

In Table 4 the preferred treatment per spine region in a
neurologically intact patient with an acute unstable spine
injury is shown. Agreement was reached (≥80%) that the
preferred treatment of all spine regions except the subaxial
cervical spine region is posterior fixation of the acute injury.

A majority of the participants agreed that there was
no increased risk on SPTD when using the posterior ap-
proach alone for acute spine injury in the CTh region
(80%) and the mid-Th region (93%), 20% and 7% said it
was a possible risk, respectively. Fracture type was chosen
most often by the participants as dependent factor.

Figure 5 shows an overview of different indications
for surgical management of patients suffering from SPTD.
All experts agreed that an asymptomatic patient should
not undergo surgical treatment. Also unanimous
agreement was reached that patients with a neurological
deficit have an absolute surgical indication.

DISCUSSION
This survey among leading spine trauma experts, was

performed to look for possible agreement on diagnosis, risk
factors, and management of SPTD. Many criteria and
factors were subjected to the experts’ opinion in this survey.

In total 15 questions from this survey reached an agreement
of 80% or more. However, there remains a great degree of
disagreement about other possibly relevant items.

The “painful” in the definition of Schoenfeld and col-
leagues is consistent with our survey. We found a unanimous
agreement that “Back pain” needs to be fulfilled in a patient
to define SPTD. This is consistent with the findings from the
survey of Schoenfeld et al3 a decade ago. In the literature over
the years, back pain was mentioned often in combination or
as a surgical indication in patients with SPTD.11

Our survey found a unanimous agreement on “Neu-
rological deficits” being an absolute indication for surgical
indication in patients with SPTD. The question remains
whether patients with a known neurological deficit fall in
this category as well, or only whether they have increasing
neurology. There was full consensus that asymptomatic
patients with SPTD have no indication for surgical inter-
vention. This confirms the survey of Schoenfeld et al3 which
stated that there could be patients with an asymptomatic
SPTD, but whether this is clinically relevant is unclear.

General agreement was found that a standing “full
spine CR” is required to support surgeons in diagnosis
and treatment decision making. The main reason for this
type of CR is to look at the sagittal balance of the
patient.1,4,5 The severity of the sagittal imbalance might
point the surgeon to a different type of treatment.1,12

Interestingly, dependency on sagittal balance to define
SPTD was endorsed by only 67% of the experts, which
did not exceeded the 80% consensus limit. It could be
argued that SPTD can exist with a balanced spine and an
imbalanced spine.

As a novelty the experts were asked to rate risk
factors for the development of symptomatic SPTD from
most important (corresponds to number 1) to least im-
portant (corresponds to the amount of factors per ques-
tion) as is seen in Figures 1–3. Some convergence among
the participants on certain items was observed. For
example, the “kyphotic angulation” item was found
most important by 5 experts but least important by 1
expert; and the “spinal curvature”, was found most
important by 1 expert and least important by 9 experts.
However, there is a wide variation in most of the items
leading to a lack of clear consensus. They do give an
indication on the overall importance per factor.

The disagreement between participants on the
majority of the factors is not unexpected. This can be
due to current diversity in the definition as found by De
Gendt et al6 in their recent systematic review of the

TABLE 3. Which Treatment of An Acute Spine Injury Might
Prevent SPTD
Type of Treatment Yes No

Does rigid bracing prevent SPTD?* 3 12
Is there an impact of duration
of brace in prevention of SPTD?*

3 12

Are there regions that benefit from bracing? 6 9
Which regions benefit from bracing?
C3–C7 2
C7–T3 1
T4–T10 3
T11–L2 4
L3–L5 3

Does MIS predispose to SPTD more than
open surgery?

5 10

Does MIS prevent SPTD more than
open surgery?*

2 13

Is the use of monoaxial screws important
in acute management?

11 4

*Agreement ≥ 80% is reached.
MIS indicates minimally invasive surgery; SPTD, spinal post-traumatic

deformity.

TABLE 4. What is The Preferred Treatment Per Spine Region for An Acute Unstable Spine Injury in a Neurologically Intact Patient
Spine Region Bracing Posterior Surgery Anterior Surgery Combined Surgery

Subaxial (C3–C7) 1 4 9 4
Cervicothoracic (C7–T3) 1 14* 1 2
Mid-thoracic (T4–T10) 1 15* 0 0
Thoracolumbar (T11–L2) 1 12* 0 4
Lumbar (L3–L5) 1 14* 0 1

*Agreement ≥ 80% is reached.
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literature on SPTD. Another reason could be the lack of
clarification between a diagnosis and treatment decision
in this questionnaire. We decided to set agreement on
80% after review of the available literature on the Del-
phi process as this was designed as a preparatory
survey.8–10

There are limitations to this study. First, only the
experts from the AO Spine KF Trauma were asked for
their opinion. This creates a bias because other spine sur-
geons were excluded from this survey. The main reason for
this was that this study is a part of multiple preparatory
studies before we perform a Delphi study among the whole
spine community. Second, the small number of partici-
pants in this study. A single participant may substantially
skew the obtained results. As this study is exploratory all
different aspects mentioned will be used in the Delphi
study to follow the preparatory study. Third, there are
many ways the questions of a survey determine the out-
comes. We will add more open questions and open fields in
the upcoming preparatory studies to follow. The last lim-
itation of the study is that only 1 scenario was provided to
answer the questions of the survey. In retrospect another or
more scenarios could have been provided highlighting
different aspects of development of SPTD, however, that
would have made the survey even longer with a chance of
less respondents.

This survey showed that there is some consensus
among experts in spine trauma on different domains of
SPTD. We confirmed the definition stated by Schoenfeld
et al3 over a decade ago, but we suggest that additions
to this definition are necessary to provide a clear and
clinically relevant definition of SPTD. The additions
deemed necessary for diagnosis of SPTD were: kyphotic
angulation exceeding normal values, back pain with a
Visual Analogue Scale of pain > 4, and impaired function.
The radiologic workup in diagnosis and/or treatment
should contain a standing local CR, a full-spine CR, and a

MR-scan. These considerations and the previous system-
atic review are the foundation to conduct a Delphi Study
among spine surgeons globally through the AO Spine
community.6
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FIGURE 5. Surgical indications for patients with spinal post-traumatic deformity (SPTD). This figure shows different indications of
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