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Abstract
Study design: Development and validation of fracture classification system.

Objective: To develop and validate a Simplified Classification System (SCS) for Thoraco-Lumbar (TL)
fractures (SCS — TL fractures).

Setting: Tertiary Spinal Injuries Centre, New Delhi, India

Methods: Based on the International Spinal Cord Society Spine Trauma Study Group (ISCoS STSG,

n =23) experts’ clinical consensus conducted by the senior author and on his own experience, the
Denis classification for TL fractures was modified to develop a SCS-TL fractures that could guide the
management. After Face and Content validation, Construct validation was done in two stages. First
stage analyzed if management of 30 cases of TL fractures, as suggested by the SCS - TL fractures and
ISCoS STSG (n =9) as well as other (n = 5) experts, matched. Second stage was a one year prospective
study analyzing if the management suggested matched the management actually carried out by
different spine surgeons (n = 10) working at a single institution.



Results: In the first stage there was 100% agreement for management (conservative or surgical) as
proposed by experts and that suggested by the proposed classification for TL fractures whereas for
surgical approach there was 88% agreement. In the second stage, there was 100% agreement for the
management as well as surgical approach as carried out at our centre and that proposed by the SCS
for TL fractures.

Conclusions: The proposed SCS-TL fractures helps in classifying and in decision making for
management of TL fractures. The next phase of validation would involve multicentric reliability
studies and prospective application of the SCS- TL fractures.

INTRODUCTION

Numerous variables like morphology of the fracture, injury mechanism, anatomical factors
responsible for fracture stability and neurology of the patient secondary to the injury have been
used to propose classification systems intended to describe thoracolumbar spine injuries. But the
quest for an ideal classification system is yet to be fulfilled. Initial classifications had been based on
injury’s mechanism or morphology as understood from plain radiographs or CT, ignoring the
ligamentous contribution to the fracture stability and failing to consider underlying neurologic
involvement. Others have been complex and difficult to use in the daily practice. Each of them
contends to be better than the earlier ones but subsequent studies have outlined their limitations
[1, 2].

An ideal classification system for spinal injuries, as described by Middendorp et al., should be able to
characterize all the clinically significant injuries with minimum subcategories and in an alfa numeric
coding. It should include prognostic factors and have a high inter observer reliability when used by
both experienced and inexperienced physicians [3].

Even though there exist numerous classification systems for thoraco-lumbar spine injuries only some
of them have been validated systemically. Mechanistic classifications proposed by Boehler and Allen
—Ferguson did not gain enough acceptance [4, 5]. Later the three column concept proposed by
Denis, though not systemically validated, got huge acceptance and has been commonly used due to
its simplicity. However, it doesn’t account for all morphological patterns of TL fractures, doesn’t
consider the neurological status due to the injury of the patient and also doesn’t guide the fracture
management. Later Mc Afee [6] classified thoracolumbar fractures based on mechanism and
morphology without considering neurology and fracture stability in to consideration. The AO-Magerl
(ArbeitsgemeinschaftfiirOsteosynthesefragen) classification was more inclusive since it recognized a
wider pattern of fractures including 55 subtypes using the 3-3-3 AO principle. However the resultant
complexity limited its usage in daily practice [7]. Moreover, it also does not consider the neurological
status due to the injury, a critical determinant for surgical decision making [8]. This AO-Magerl
system was later modified by reducing the number of subcategories, but the classification still didn’t
consider neurology and modifiers. This was again remodified recently in to the latest classification,
reducing the number of fracture morphological subcategories further and introducing neurology and
modifiers. However it is still under validation and the way this new system guides the management
has not yet been published [9, 10].

As per one survey involving the Spine Trauma Study Group of ISCoS and other international spine
experts, the existing spine trauma classification systems lacked the required objectives for an ideal
system. The survey revealed that the Thoracolumbar Injury Classification and Severity Score (TLICS)
was more often used (47.50%, n = 19). The experts’ response for practical implementability in daily
practice was more uniformly distributed among TLICS, AO and Denis classifications (31%, 23% and



37.5%, respectively). The experts, however, felt that the existing classification systems did not
account for all the desired objectives and the reliability for residents was a prime concern [11].

Realizing the need of simple classification systems for thoracolumbar spine which could easily be
used by the ordinary physician, effectively characterize the injuries which are clinically relevant and
guide treatment, we proposed a new classification system. The purpose of this article is to introduce
this new classification system as well as the practical treatment strategy which it proposes and
describe its validation.

MATERIALS AND METHODS
The study for development and validation of the classification system was conducted in various
steps which have been outlined below.

Various experts other than the authors, as mentioned under the acknowledgement head of the
manuscript subsequently, were involved in the various steps of the study. Only experts who had an
established practice which was exclusively or substantially spine were involved in the study. This was
established through questions incorporated in the survey.

Identification of the deficiencies in the existing classification systems and the need for a new
classification system for TL fractures

The senior author had conducted a survey amongst the ISCoS STSG as well as other spine experts
globally. The deficiencies in the existing classification systems for TL fractures and the need of an
ideal classification system for TL fractures was identified [11].

Development of the classification system

The survey above had suggested that practical implementability in daily practice is the most
expedient feature of any such new classification system and the Denis System scored the most in
this regard though it had limitations.

Based on experts’ (ISCoS STSG, n = 23) clinical consensus conducted by the senior author and his
own experience, the Denis classification system was modified to increase its comprehensiveness.
Other parameters influencing management, as per the opinion of experts in the survey, were
integrated in the modified classification system. Another study was carried out by the senior author
to formulate clinical consensus management algorithms (under publication). On issues where there
was low agreement (<70%), the process of Delphi consensus was used. This was used for outlining
the treatment plan for each category.

Validation of the new simplified classification system
The methods devised by Audige et al. to validate a classification system were followed for this step
of the study [12].

Face and content validity of the new simplified classification system was done by circulation and
discussion through email amongst the members of the ISCoS STSG (n = 7) and other experts (n =5)
and incorporation of the relevant suggested changes.

After approval from Institutional Ethics committee, construct validation of the classification was then
carried out in two stages [12].

The first stage involved sending through survey monkey to 23 renowned spine surgeons of ISCoS
STSG, anonymized and delinked clinic-radiological data (including relevant X-ray, CT scan, MRl and
information regarding age, mode of injury, neurology and presence of any modifiers) of 30 case



studies of TL fractures along with the questionnaire related to the management. Reviewers were
requested to opine regarding their management strategy for each case. The management suggested
by the new classification was then analyzed and compared with the management as had been
suggested by the 14 experts who responded to the survey.

The second part of the study involved evaluating prospectively, the cases of TL fractures presenting
to Indian Spinal Injuries Centre over one year and analyzing how similar was the management as
proposed by the new classification system as compared to the management actually followed by 10
different consultant spine surgeons of the same Centre.

Statistical analysis
The simplest tool or percentage agreement was used as a test to measure inter rater reliability or
consistency.

RESULTS
1. The components of the Simplified Classification System (SCS- TL fractures).

The four key components of the SCS- TL fractures include:
a. Injury Morphology as determined by the plain radiographs with or without CT and/or MRI.
b. Injury Stability (indicating the severity of bony and ligamentous injury).
c. Neurological status of the patient.
d. Modifiers.
a. Morphological categories (modification of the Denis classification [13]).

Thoracolumbar Fractures (T1 —L2).

® Compression

® Burst

e Chance

® Fracture dislocation

® Isolated spinous process/transverse process/pars/ facet fractures.

e Others:
Hyperextension injury
Mixed morphological injury (Chance fracture with a burst
component or Fracture dislocation with a burst component)

The first five morphological categories are as described in the original classification system proposed
by Denis. The new categories added in order to make the categories comprehensive are as follows:

Hyperextension injury

These are unique fractures representing < 3% of fractures. The entire spine fails due to tensile force.
The fracture line begins from the anterior aspect of the vertebra/disc and travels posteriorly. They
are commonly seen in ankylosed spine (ankylosing spondylitis/diffuse idiopathic skeletal
hyperostosis). The fractures can involve all three columns. The fracture plane is variable. Imaging
findings can range from subtle findings of widening of the intervertebral disc space or distraction of
the vertebral body fragments to dislocation with translation in sagittal plane [14] (Fig. 1).
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Fig. 1. Plain radiographs (Antero Posterior and Lateral), Mid sagittal CT cut in a T11-T12 hyper-extension
injury. a AP plain radiograph black arrow marking the fractured vertebrae. b Lateral plain radiograph black
arrow marking the fractured T11-T12 level. ¢ Mid sagittal CT image black arrow marking the opening of disc
space at T11-T12 level.

Mixed morphological injury

Chance fractures or fracture dislocations can sometimes be associated with a burst component or a
compression fracture. These will be considered under mixed morphological injuries

(Fig. 2).

Fig. 2. Plain radiographs, MRI, and CT. a AP plain radiograph, b Lateral plain radiograph, ¢ MRI mid sagittal
showing fracture at the level of T6-T7 vertebrae, d CT mid sagittal cut showing the burst component at the
level of T6-T7 vertebrae, black marker indicating involvement of posterior column, e Axial cut showing
retropulsed fragment causing canal compromise.

b. Injury stability

TL fractures are classified according to stability as under:
o STABLE: S
o UNSTABLE: US



Parameters considered in judging fracture stability (indicating the severity of bony and ligamentous
injury) are as under:
All fractures with neurological deficit are generally consideredto be unstable.
Fracture dislocations, Chance fractures and Hyperextension injuries are considered to be
unstable irrespective of the neurological status.
PLC disruption is considered to result in instability in compression and burst fractures. It is
assessed by MRI and also be plain radiographs. The features of instability in neutral or
dynamic X-rays include [15]:
e Loss of more than or equal to 50% of vertebral height.
® >/=30 degrees of kyphosis.
® Inter-spinous widening.

Stable injuries, as assessed by MRI and also on static radiographs by above criteria, could be
confirmed with dynamic X rays. Dynamic X rays are done under supervision with adequate pain relief
in patients with no neurological deficit and with compression or burst fractures with no defined
parameters of instability on static radiographs.

c. Neurological status of the patient

All SACI are classified with respect to neurology according to ISNCSCI [16] as under:
e No neurological deficit: NO
e Incomplete neurological deficit (AIS B, C, D, Incomplete cauda equina): N1
o Complete neurological deficit (AIS A, complete cauda
equina): N2

d. Modifiers

Modifiers play a key role in planning the surgical procedure like the need for a staged procedure in
polytrauma with ISS > 15, a long segment fixation in ankylosing disorders or the use of cement
augmentation for instrumentation in osteoporosis. The modifiers of the SACI management are as
under:

MO — no modifier

M1 - polytrauma

M2 — ankylosing disorders

M3 —> 75 years

M4 — Osteoporosis

M5 — Poor general condition

M6 — Contiguous vertebral injuries

2. Procedure of classifying the TL fractures using SCS- TL fractures.

The five steps of classifying any TL fracture as per the SCS- TL fractures (Flowchart 1-Appendix I)
include:

a. ldentification of the Spinal segments involved in the injury.

b. Assessment of the neurological picture of the patient secondary to the injury: if there is
neurological involvement the injury is considered unstable and surgery is indicated. Chance
fractures, Hyperextension injuries and Fracture-dislocations are considered unstable
irrespective of the neurological status.

c. Establishment of the injury morphology based on the radiographs with or without CT
and/or MRI.



d. Analyzing the stability of the injury - If the morphology is suggestive of a burst or
compression fracture, the neurology is intact and there is no instability on static radiographs
as per the criteria mentioned before, dynamic radiographs are performed under supervision
after obtaining adequate pain relief. However, if MRl is available, the stability can be

assessed by the intactness of posterior ligamentous complex (especially supraspinous
ligament intactness on T2 MRI) [17].
e. ldentifying the presence of any modifiers that may alter the treatment strategy.

3. Deciding the treatment plan using SCS- TL fractures.
Approaches for management of TL fractures are described below (also depicted in Table 1):

Table 1.
Morphology

Compression

Burst

Chance

Fracture dislocation

Hyperextension

Mixed
morphological injury

Summary of the management of different thoracolumbar fractures.

Stability Management

Stable
Unstable
Stable
Unstable

Stable

Unstable

Stable
Unstable

Stable
Unstable

Stable

Unstable

NO

Conservative*

N/A

Conservative®

Posterior”/ Anterior stabilization or Conservative

No stable inuries
Posterior/anterior stabilization®

No stable inuries
Posterior reduction and stabilization

No stable inuries
Posterior stabilization + / — anterior fusion

Treatment is decided by the most unstable injury,
however, other morphology has a bearing on treatment

“Surgical management i indicated if there is an unacceptable increase of kyphosis on follow-up.
FAnterior augmentation is to be decided by McCormack-Gaines load-sharing clssification.
*Posterior stabilization or consenvative management with bed rest for 6 weeks can be done in case of osseus chance fractures,

COMPRESSION FRACTURES

N1

N/A

Posterior stabilization
N/A
Posterior”/Anterior
stabilization + /
decompression

Posterior/Anterior
stabilization

Posterior reduction and
stabilization

Posterior stabilization + /
anterior fusion

N2

N/A

Posterior stabilization
N/A

Posterior”/Anterior
stabilization

Posterior/Anterior
stabilization

Posterior reduction
and stabilization

Posterior stabilization
+ / — anterior fusion

o C NO S: Conservative (Fig. 3) (However, surgical management is indicated if there is an
unacceptable increase of kyphosis on follow-up).
o C NO/N1/N2 US: posterior stabilization.

7

Fig. 3. Plain radiographs showing compression fractures of L1 vertebrae. a Plain AP image with the marker
showing fractured L1 vertebrae. b Lateral view with the marker showing decreased anterior vertebral height of



fractured L1 vertebrae. ¢, d Dynamic flexion and extension images with the marker showing no significant
instability of fractured L1 vertebrae.

BURST FRACTURES

e B NO S: Conservative (However, surgical management is indicated if there is an un
acceptable increase of kyphosis on follow-up).

® B NO US: Posterior/ Anterior stabilization or Conservative.

® B N1 US: Posterior/Anterior stabilization + /- decompression (Fig. 4).

Fig. 4. Plain radiographs preoperative and postoperative images of Burst L2 fracture. a Plain AP image
showing fracture L2 vertebrae. b Plain Lateral image showing fractured unstable L2 vertebrae. ¢ Plain
postoperative AP image. The fracture was managed with indirect decompression and short segment posterior
stabilization with intermediate screws in fractured L2 vertebrae. d Plain post-operative Lateral

image. Lordosis with indirect decompression is achieved with short segment instrumentation.

® B N2 US: Posterior/Anterior stabilization Anterior augmentation is to be decided by
McCormack-Gaines load-sharing classification [18].

CHANCE INJURIES (CH NO/NI/N2 US)

® Through the disc — posterior/anterior stabilization.

e Through the vertebra — posterior stabilization or conservative management with bed rest
for 6 weeks (however, percutaneous or open posterior stabilization is indicated if there is a
loss of reduction or increase in kyphosis on follow up) (Fig. 5).

Fig. 5. Plain radiographs Preoperative and postoperative and CT of a L2 transosseous chance fracture. a Plain
AP image showing fracture at L2 vertebrae with increased interpedicular distance. b Plain lateral image
showing burst fracture in L2 vertebrae. ¢ Mid sagittal cut showing transosseous chance fracture involving all
the three columns. d Plain AP postoperative image showing short segment posterior stabilization with a



transverse connector with intermediate screw on the right side in L2 vertebrae, e Postoperative lateral image
showing lordosis in fractured segment.

o Combined bony as well as ligamentous chance with normal alignment — option of
posterior stabilization or conservative management.

FRACTURE DISLOCATIONS (FD NO/N1/N2 US)

All fracture dislocations are unstable and need posterior reduction, short segment (one level above
and one level below with screw in fractured vertebra) stabilization if there is good hold of all the
screws, else long segment stabilization (more than one level above and below the fractured
vertebra) & fusion; if significant anterior column deficiency consider anterior reconstruction using
McCormack-Gaines load-sharing classification (Fig. 6).

Fig. 6. Plain radiographs preoperative and postoperative with CT image of a T11-T12 hyper-extension injury
in an ankylosed spine. a Plain AP image with the marker showing discontinuity at T11-T12 levels in an
ankylosed spine. b Lateral plain image with the marker showing fractured ossification at T11-T12 levels in an
ankylosed spine. ¢ Mid sagittal CT image with the marker showing opening up of disc space at T11-T12 levels
(hyper-extension injury), ¢ Postoperative plain AP image. The fracture was managed by posterior reduction and
stabilization (T10-L1). e Postoperative plain lateral image.

HYPEREXTENSION INJURY (HE NO/N1/N2 US)
Posterior stabilization + /- anterior fusion, if there is a significant anterior void (Fig. 7).

Fig. 7. Plain radiographs preoperative and postoperative of T11-T12 fracture dislocation. a Plain AP image
showing fracture dislocation with oligolisthesis at T11-T12 level. b Plain lateral image showing fracture
dislocation at T11-T12 levels. c Postoperative plain AP image. The fracture was managed by posterior
reduction and stabilization (T10-L1). d Postoperative plain lateral image.



MIXED MORPHOLOGICAL INJURY

Treatment is decided by the most unstable injury, however, other morphology has a bearing on
treatment. For e.g., in a fracture dislocation with a burst component, treatment is decided by
fracture dislocation but anterior augmentation may be required if Gaines score > 7 (Fig. 8).

Fig. 8. Plain radiographs preoperative and postoperative, MRI and CT of a mixed morphological injury at T6-
T7 levels. a Plain AP preoperative image showing fracture T6-T7 levels. b Plain lateral image showing fractured
T6-T7 level. ¢ Mid sagittal MRI showing burst fracture involving all the three columns with cord compression.
d Mid sagittal CT showing mixed pattern of injury, chance fracture is associated with burst component of T6.

e Axial CT image with marker showing retropulsed fragment causing canal compromise with burst vertebral
body. f Postoperative plain AP image. The fracture was managed by posterior stabilization with intermediate
screws. g Postoperative lateral image.

OTHERS (SPINOUS PROCESS AND TRANSVERSE PROCESS FRACTURES)
They are inherently stable injuries and managed conservatively.

4. Validation

Face and content validity
This was done through circulation by email amongst members of ISCoS Spine Trauma Study Group (n
=7) and other experts (n = 5).

Construct validation
First stage. A total of 30 case scenarios of thoracolumbar spine fractures used for this stage
consisted of 9 burst fractures, 8 fracture dislocations, 7 chance injuries and 6 compression fractures.

On analysis of treatment recommendations, in the first stage there was 100% agreement for
management (conservative or surgical) as proposed by experts and that suggested by the proposed
classification for TL fractures whereas for surgical approach there was 88% agreement.

The subcategory wise agreement with regard to surgical approach was as under:
Burst fractures: 76%
Chance injuries: 85%
Compression fractures: 93%
Fracture dislocations: 98%

Second stage
95 thoracolumbar spine fracture cases reported to our centre (ISIC) in the study period. The details
of patient demographics, neurology and subtype of fracture as per the proposed classification
has been enclosed as Table 2. The subcategory wise break up was as under:
Fracture dislocation - 29
Burst - 32
Compression -4

10



Chance injuries - 24
Mixed morphology - 2
Hyperextension - 4

Table 2. Demographics, Neurology and Simplified Classification
System Subtypes of patients induded in second stage of Construct

Validity.

Variable
Age Median (range)

Gender
Male
Female

Mode of Injury
Road traffic acddent
Fall from height
Others

Neurological Status - AIS
Intact
A
B
C
D

Simplified dassification system sub types
BNOS

B NO US

BN1S

B N1 US

BN2S

B N2 US

BURST

CNOS

CN1S
COMPRESSION
MIXED MORPHOLOGY
CHANCE NO S
CHANCE N2 US
CHANCE INJURIES

HE NO US

HE N1 US

HEN2S
HYPEREXTENSION
FDNO S

FD N1 US

FDN2S

FD N2 US

FRACTURE DISLOCATION

Management and surgical approach of all cases (100%) as performed was similar to the

Total 95
34 (15-70)

83.15% (n=79)
16.85% (n= 16)

58.9% (n = 56)
36.8% (n = 35)
42% (n=4)

21.1% (n = 20)
62.1% (n = 59)
11% (n=1)
74% n=7)
84% (n=8)

SNV A S NRNNNA WO W AN
S
b
g
&

i |

management prescribed by the proposed classification.

11



DISCUSSION

The SCS- TL fractures is an attempt at a new simple classification system for thoracolumbar spine
injuries which could easily be used by the ordinary physician, effectively characterize the injuries
which are clinically relevant and guide treatment. The need for such a classification had been
brought out by a survey on classification systems conducted by the senior author in 2013

involving 42 experts, 16 of Spine Trauma Study Group of ISCoS and 26 others [11]. The survey
revealed that as per the majority of the global spine experts (71%), practical implementability in the
daily practice is the most expedient feature of any such new classification system as one of the
commonest uses of the classification systems may be for the junior residents/fellows to liase with
the consultant about the spine injury type of the patient presenting to the emergency department.
This could explain the re-shifting of the experts to the usage of the traditional classification systems.
This rethink had emphasized the usefulness of the traditional systems and thus we have explored
the option of suitably modifying traditional classification systems to develop a newer classification
system.

Treatment guidance, modifiers, reliability and comprehensiveness are the other important features
to be considered while designing a new classification system [11]. Thus we started deliberating on
which traditional classification system would be most suitable for modification to develop a new
classification system.

Even though the initial AO-Magerl thoracolumbar injury classification system identifies a wide
pattern of fractures, including > 50 subtypes, its complexity has yielded a poor inter and intra
observer agreement [7, 19]. Moreover, the AO-Magerl system does not consider the patient’s
neurologic status, a critical determinant of surgical decision making [20]. Later it was modified
reducing the subcategories in describing fracture morphology but it still did not include neurology
and also didn’t guide management [10]. Recently the AO system was further re-modified reducing
the number of subcategories further and adding neurology and modifiers to the classification
system. Though this new AO system claims to overcome its previous limitations, this system is under
validation [9, 21]. For thoraco-lumbar fractures even the validated classification of Thoracolumbar
Injury Classification and Severity score (TLICS) has its limitations. There are only few studies by
experts who were not a part of its development and most of the published data is not of sound
scientific evidence (i.e., retrospective studies) [22]. Though reliability (as compared to AO as well as
Denis classifications) and prospective application of TLICS has been done, a direct collation with
other classification systems is required to elucidate the efficacy of the TLICS [19, 23]. Moreover,
certain injury patterns are difficult to classify and score using TLICS and the reproducibility and
feasibility of evaluating posterior ligamentous complex (PLC) integrity utilizing MRI has also been
challenged [24, 25].

The Denis classification for thoracolumbar spine injuries is not comprehensive enough to consider all
fracture types, doesn’t provide prognostic information and does not consider neurological status of
the patient secondary to the injury and thus doesn’t adequately guide TL fracture decision making.
The native idea of instability has been over-deciphered to state that it exists if two of the three
columns are damaged, thus requiring surgical stabilization in such cases. On the contrary, few
studies have depicted that non-surgical management of two column injuries may achieve an
acceptable outcome [26]. However in the survey done by the senior author, this classification system
had a good acceptance and experts felt that it is comfortably reproduced due of its simplicity [11]. It
was felt to be the most practically implementable in daily practice. This was the most desirable
feature of an ideal classification system as per the experts in the survey [11]. Hence we decided to
modify the Denis classification.
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The Denis classification tends to describe the morphologic characteristics of the injury and no
attempt had been made to define the parameters of stability and neurologic involvement.
Neurologic deterioration following vertebral fracture is in itself an indicator of instability. In the
proposed classification, the authors have made the classification system comprehensive by adding 2
more morphological categories, emphasized on the neurology, defined the parameters of stability
and incorporated modifiers.

For classifying and managing the TL fractures as per SCS- TL fractures, ideally plain radiographs as
well as MRI and/or CT are recommended in all cases. However, plain radiographs may be sufficient
in classifying the TL fractures using SCS- TL fractures in a majority of cases. In situations when the
radiographic quality is poor to visualize the injured spinal segments (upper thoracic and junctional
regions), MRI/CT is required for classification and deciding the management. CT is also required for
cases with burst component to decide on the need for an anterior augmentation procedure if a short
segment stabilization is planned [18].

Modifiers have been introduced in the proposed classification as they are known to influence
decision making for management. In burst fractures with polytrauma or in patients with poor
general condition, the decision to augment the anterior column can be staged [27]. Ankylosing
disorders are predisposed to a different injury type and often require special considerations.
Because of concentration of forces at the fracture site and reduced bone mineral density, either long
posterior or circumferential fixation with or without cement augmentation is recommended [28-30].
In old age, co morbidities or poor general condition may warrant staged surgeries. Osteoporotic
compression fractures which are apparently stable on neutral radiographs might be unstable as
evident from dynamic X rays [31]. Fixation must be strong enough to withstand substantial loading in
the setting of pre-existing osteoporosis. This can be achieved by better triangulation of screws,
increased points of fixation by longer constructs, circumferential fixation, use of other
instrumentation devices like sub laminar wires, pedicle or transverse process hooks and/ or use of
more crosslinks. Apart from that, use of hydroxyapatite screws and cement augmentation has also
gained popularity [32, 33]. Presence of contiguous fractures may alter the surgical plan depending
on the specific case scenario.

In the first stage of validation of our study, there was 100% and 88% agreement between the
experts and the proposed classification for recommendation of management as well as surgical
approach respectively. A substantial component of the 12% disagreement in surgical approach
recommendation was that of management of burst fractures. This could be due to the differences in
opinion with regard to the requirement for anterior column augmentation as some experts favored
no augmentation even when the McCormack Gaines score was higher than 7. This is supported by
literature as some recent studies have questioned the need of anterior augmentation in such cases
[34, 35]. In the absence of a clear cut directive from evidence the decision to augment or not is left
on the surgeon in consultation with the patient. The agreement between experts and the
classification system for the treatment recommendation could not be compared with other existing
classification systems. This has not been discussed for TLICS and the AO Thoraco lumbar injury
classification by the authors in their original reports [19, 22].

Patient’s neurological status is crucial for an overall assessment of the patient’s functional status and
the final prognosis [22]. It has been found out to be one of the most crucial factors in surgical
decision making [22]. The SCS- TL fractures also highlighted the importance of considering the
patient’s neurology in making the recommendation for treatment. This has also been highlighted in
other classification systems like TLICS where neurology is an integral part of the classification that
guides the management [22]. Given its critical importance, the neurological modifier is an important
component of this classification proposal and guides the need for operative intervention.
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The fact that the classification can be done with x-rays in the majority of cases is another strength of
the classification system. Most patients in emerging countries don’t have access to or can’t afford a
CT/MRI. The value added by these investigations especially in some special considerations can’t be
questioned, but the affordability and accessibility of the masses needs to be also considered. Since
the reproducibility of evaluating posterior ligamentous complex (PLC) integrity using MRI and the
affordability/ accessibility of MRI in emerging nations has been questioned, we relied on neutral and
dynamic plain radiograph features to confirm stability for compression as well burst fractures [36,
37]. The dynamic radiographs need to be performed under medical supervision after obtaining
adequate pain relief to overcome the muscle spasm associated with acute trauma [38]. If adequate
motion is not reproduced on dynamic radiographs of TL spine, the stability of the fracture could be
evaluated by MRI. MRI/CT is mandatory for classifying as per this classification system only in limited
special conditions. Even though MRI is done ideally to evaluate all patients with neurological deficit,
it is not mandatory for classification and thereby for deciding management, except in special
conditions. The simplified classification can thus not only effectively help in classifying the TL
fractures but also guide clinical decisions in their management in all scenarios including the resource
constrained patients in the developing countries.

Limitations of the study include the relatively small number of cases in the survey. The classification
system can be done just with plain radiographs in the huge majority of resource constraint cases
who can’t afford/don’t have access to MRI/CT, but a criticism could be that pure ligamentous
injuries are likely to be missed. These patients would not have got an MRI done anyway and the
classification system provides an option of classifying their injuries irrespectively by specifying
dynamic X rays for suspected unstable injuries. Another limitation is that if adequate movement of
the involved spine cannot be obtained on dynamic radiographs even after adequate analgesia, one
has to depend on MRI to rule out ligamentous injury. However, where available and affordable, a
MRI is advocated by the system. The classification system, however, needs further validation. A
study is being conducted on prospective application of the classification system to all patients of
thoracolumbar fractures managed by senior author. This and reliability studies including clinicians in
different settings as well as with diverse experience are necessary to complete the process of
validation.

CONCLUSIONS

The proposed classification system for TL fractures is simple, thus increasing the likelihood of
practical implementation in day-to-day clinical practice with good reliability and minimal variability
irrespective of physician experience. It should effectively help in comprehensively classifying the
thoracolumbar spinal injuries. Since it accounts for neurological status as well as fracture stability
and incorporates other modifiers influencing treatment it should effectively guide clinical decision
making for management, even in resource constrained population in the emerging countries.
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