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A B S T R A C T   

Introduction: A recent meta-analysis showed that only four prior studies have shown that magnetic resonance 
imaging (MRI) can change the fracture classification in 17% and treatment decisions in 22% of cases. However, 
previous studies showed a wide methodological variability regarding the study population, the definition of 
posterior ligamentous complex (PLC) injury, and outcome measures. 
Research question: How can we standardize the reporting of the impact of MRI for neurologically intact patients 
with thoracolumbar fractures? 
Material and methods: All available literature regarding the impact of MRI on thoracolumbar fracture classifi
cation or decision-making were reviewed. Estimating the impact of MRI on the TLFs’ classification is an exercise 
of analyzing the CTs’ accuracy for PLC injury against MRI as a ’’Gold standard’’and should follow standardized 
checklists such as the Standards for the Reporting of Diagnostic Accuracy Studies. Additionally, specific issues 
related to TLFs should be addressed. 
Results: A standardized approach for reporting the impact of MRI in neurologically intact TLF patients was 
proposed. Regarding patient selection, restricting the inclusion of neurologically intact patients with A- and B- 
injuries is crucial. Image interpretation should be standardized regarding imaging protocol and appropriate 
criteria for PLC injury. The impact of MRI can be measured by either the rate of change in fracture classification 
or treatment decisions; the cons and pros of each measure is thoroughly discussed. 
Discussion and conclusion: We proposed a structured methodology for examining the impact of MRI on neuro
logically intact patients with TLFs, focusing on appropriate patient selection, standardizing image analysis, and 
clinically relevant outcome measures.   

1. Introduction 

Thoracolumbar fractures (TLFs) are the most frequently encountered 
traumatic spinal fractures, accounting for 60–70% of all cases. (Wood 
et al., 2014), (Bigdon et al., 2022) Several classification schemes have 
been presented to guide TLF treatment decisions over the decades 

(Rosenthal et al., 2018). The older TLFs’ classifications were based on 
the extent of osseous injuries, as shown by conventional radiography or 
computed tomography (CT). (Denis, 1983), (Magerl et al., 1994) In the 
last two decades, the integrity of the posterior ligamentous complex 
(PLC) has been recognized in predicting delayed kyphosis or back pain. 
(Holdsworth) Consequently, the Thoracolumbar Injury Classification 
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System (TLICS) and the new AOSpine classification systems have 
included PLC integrity as a significant element in fracture classification 
or decision-making. (Lee et al., 2005)., (Vaccaro et al., 2013) 

The diagnostic assessment of PLC integrity remains a highly debated 
topic (Qureshi et al., 2019). CT can only asses the PLC integrity indi
rectly and was associated with as high as 30% risk of missed PLC injury. 
(Leferink et al., 2002), (Petersilge et al.) Conversely, Magnetic reso
nance imaging (MRI) permits direct visualization of PLC structures with 
high sensitivity and is considered the reference standard (Aly et al., 
2022a). The additional expense, longer scanning time, and restricted 
availability of MRI at some trauma centers prevent its routine usage for 
TLFs (Khurana et al., 2018). More importantly, there is not enough ev
idence that MRI can modify TLF management to make its usage war
ranted despite logistical limitations (Qureshi et al., 2019). In clinical 
practice, some spine surgeons order MRIs selectively based on their 
perceived "uncertainty" of PLC status, while others order MRIs in the 
majority of TLFs to avoid overlooking PLC injury (Leferink et al., 2002), 
(Petersilge et al.) (Aly et al., 2022b), 

A recent meta-analysis reported that MRI can change TLFs classifi
cation in 17% and treatment decisions in 22% of cases. (Aly et al., 
2022b), (Aly et al., 2024), (Pizones et al., 2011), (Winklhofer et al., 
2013), (Durmaz et al., 2021) The considerable variability in the reported 
impact of MRI could be due to the methodological challenges in 
analyzing the impact of MRI on TLFs (Aly et al., 2024). Previous research 
comprised a heterogeneous population regarding the fracture types, 
neurological status, and treatment modalities (Aly et al., 2024). The 
impact of MRI was measured by either the rate of change in fracture 
classification or the change in treatment decisions after MRI compared 
to CT alone. However, the lack of a consensus-based definition of PLC 
injury on CT and MRI may cast doubts on the reliability of evaluating the 

change in fracture classification (Van Middendorp et al., 2013). In 
addition, a change in fracture classification does not necessarily impact 
the treatment decisions, for instance, for patients with neurological 
deficits or unstable burst fractures (Aly et al., 2022b). Furthermore, 
different metrics were used to assess MRI’s impact on treatment de
cisions, including surgeons’ decisions, TLICS, or Thoracolumbar 
AOSpine injury severity Score (TLAOSIS). (Pizones et al., 2011), 
(Winklhofer et al., 2013), (Aly et al., 2022b), (Durmaz et al., 2021), 
(Vaccaro et al., 2016) The primary goal of this study is to propse a 
standardized methodology for measuring the impact of MRI on TLF 
decision-making that allows for comparing studies findings and syn
thesis of higher levels of evidence. 

2. Conceptual framework 

2.1. Internal and external validity 

Estimating the impact of MRI on the TLFs’ classification is an exer
cise of analyzing the CTs’ accuracy for PLC injury against MRI as a ’’Gold 
Standard’’. It thus should follow the Standards for Reporting Diagnostic 
Accuracy Studies (STARD). (Bossuyt et al., 2015), (Whiting et al., 2011) 
The risk of bias should be reported according to QUADAS-2 in four 
domains: risk patient selection, time and flow domain, index test, and 
reference test. (Whiting et al., 2011)., (Schmidt and Factor, 2013) 

Validity is the degree to which the study’s conclusions accurately 
match the findings among comparable poulation outside the study. In
ternal validity can be ascertained at the study level by minimizing the 
study’s bias or imprecision. (Fig. 1). (Patino and Ferreira, 2018),(Pavlou 
et al., 2021) Conversely, the external validity reflects the degree of 
generalization of findings at the population level. External validity relies 

Fig. 1. Factors potentially impacting the internal and external validity of the study 
The degree to which the study’s results accurately reflect findings among comparable patients outside the study is referred to as validity. The study’s validity can be 
ascertained at the study level (internal validity) or the population level (external validity). Bias and imprecision might undermine a study’s internal validity. Any 
systematic deviation of accuracy measures from the actual value caused by a systematic error is referred to as bias. Imprecision is the random variation that occurs 
when several parameter estimates are made by multiple readers (interobserver reliability) or the same reader (intra-observer reliability). Imprecision is a crucial 
issue in image-based studies, which might be related to readers’ backgrounds, experience, or the inconsistent definition of classifying criteria. 
External validity examines whether the findings of a study can be generalized to the population level and relies on the study’s population and applicability. The 
degree to which the study population is representative of the target population with TLFs is a significant determinant of the study’s generalizability. The degree to 
which the study’s patient demographics, selection and utilization of the index test, and test interpretation align with the reader’s practice dictates the study’s 
applicability. (Pavlou et al., 2021) 
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on how well the study population is representative of the target popu
lation. It also depends on how the study’s methodology aligns with 
real-world practice, i.e., its applicability(Patino and Ferreira, 2018), 
(Pavlou et al., 2021). 

3. PICO framework 

A standardized framework for reporting MRI’s impact on TLFs is 
based on the PICO model; PICO stands for P (population), I (index test), 
C (comparator or reference standard), and O (outcomes (Fig. 2). (Pavlou 
et al., 2021) 

3.1. Domain 1: Population 

3.1.1. Inclusion criteria 
The main proposed inclusion criteria are (Aly et al., 2022b), (Qureshi 

et al., 2019):1) all consecutive traumatic thoracic or lumbar fractures 
(T1-T5); 2) Patients who had CT and MRI within ten days of the accident 
since the MRI sensitivity for detecting high signal intensity can drop 
after that time frame (Benedetti et al., 2000); 3) AO A-type or B-type 
injuries according to the new AOSpine classification. A0: isolated pos
terior element fractures should not be included, as they represent minor 
injuries. C-type injuries should be excluded since they are accurately 
classified with CT only (Vaccaro et al., 2013), (Rajasekaran et al., 2017); 
4) neurologically intact patients (N0), those with transient radiculop
athy (N1), or when neurological assessment is unattainable (Nx); (Aly 
et al., 2024) 5) Single or multi-level injuries; for multi-level injuries, 
only fractures with the highest AO classification should be included; 
(Vaccaro et al., 2013) 6) patients aged 18 to 65. 

3.1.2. Exclusion criteria 
The main proposed exclusion criterion could be (Aly et al., 2022b), 

(Qureshi et al., 2019): 1) Poor image quality due to motion artifacts or 
inadequate images that do not fully span the injury region; 2)patho
logical fractures due to tumor infection, among other reasons; 4) oste
oporotic fractures (T score ≤2.5 by "dual-energy-X-ray- absorptiometry" 
(DEXA) or no-energy or low-energy trauma), 5) previous surgery or 
trauma to the thoracic or lumbar spine. 

3.2. Domain 2 and 3: Index and reference tests (image interpretation) 

Analysis of MRI’s impact on TLFs relies heavily on the quality of CT 
and MRI image interpretation (Pavlou et al., 2021). The accuracy of 
image interpretation relies on numerous variables, including imaging 
acquisition protocol, the validity of PLC classifying criteria, reviewers’ 
experience, consensus training, and image analysis.(Aly et al., 2023a) 

3.2.1. Imaging protocol and technical considerations 
The MRI spine trauma protocol includes axial and sagittal T2-WI and 

T1-WI and sagittal short tau inversion recovery (STIR). (Lee et al., 2007), 

(Crosby et al., 2011) Sagittal STIR is the most sensitive to detect T2-WI 
hyperintensity or ’’black stripe discontinuity’’. There is insufficient 
evidence to recommend 3 T over 1.5 scanners or whole-spine MRI over a 
focused MRI protocol. (Aly et al., 2021a), (Khurana et al., 2019) The CT 
protocol should include a soft tissue algorithm in axial and sagittal 
planes and a bone algorithm (not bone window) in three imaging planes. 
The slice thickness for axial images of soft tissue and the bone algorithm 
was 5 mm and 1.5 mm, respectively, and 3 mm or less for reformatted 
images. (Aly et al., 2021a), (Sixta et al., 2012) Optimizing the 
device-specific sequence parameters is highly recommended, which 
proves more challenging for MRI than CT, given the significant number 
of parameters. (Benedetti et al., 2000)., (Tins, 2010) 

3.2.2. Criteria for PLC injury in CT and MRI 
We propose that PLC incompetence be defined as ’’black stripe 

discontinuity’’ due to a supraspinous ligament (SSL) or ligamentum 
flavum (LF) disruption, best seen in Sagittal STIR or axial T2 images. 
conversely, a high signal intensity ( HSI) due to interspinous ligament 
(ISL) edema, facet joint effusion, or complete lack of abnormal SI should 
be considered as competent PLC (Fig. 3). (Aly et al., 2023a), (Pizones 
et al., 2012a) PLC injury on CT can be defined by at least one of the 
following CT finding: spinous process fracture, interspinous widening, 
laminar fracture (Aly et al., 2021b), and facet diastasis. (Aly et al., 
2023b) (Khurana et al., 2018), (Aly et al., 2023b)Recently, two studies 
have proposed CT criteria for PLC injury based on the number of positive 
findings as follows: (Khurana et al., 2018), (Aly et al., 2021a) Disrupted 
PLC, at least two positive findings, indeterminate (AKA M1modifier), 

Fig. 2. The proposed PICO framework for reprting MRI’s impact on thoracolumbar fractures PICO stands for P (population), I (index test), C (comparator or 
reference standard), and O (outcomes. PLC, Posterior ligamentous complex. (Pavlou et al., 2021 

M.M. Aly et al.                                                                                                                                                                                                                                  



Brain and Spine 4 (2024) 102787

4

single positive finding, intact PLC, negative CT for all findings (Fig. 4).. 
(Aly et al., 2021a) 

3.2.3. Selection of reviewers 
An odd number of reviewers, such as three, will enable the use of 

’majority rule’’; approval of two of the three reviewers’ reading, to 
provide the final dataset for accuracy analysis. In contrast, the 
disagreement between 2 reviewers requires a consensus reading that 
does not reflect real-life practice. It is recommended to include re
viewers of varying degrees of experience, such as attending, fellows, and 
residents, to enhance the generalizability of findings (Crosby et al., 
2011), (Obuchowski and Bullen, 2022). We recommend including at 
least one spine surgeon and one fellowship-trained radiologist to ac
count for different perspectives in image analysis (Rihn et al., 2010). 

3.2.4. Consensus training 
The consensus pretraining aims to standardize the imaging inter

pretation and minimize interobserver variability. (Obuchowski and 
Bullen, 2022) This can be done by providing an illustrated imaging 
manual or video tutorial that details a standardized definition for im
aging findings, the best imaging plane/sequence, and diagnostic pitfalls. 
(Aly et al., 2023a) The newly proposed imaging algorithm for PLC injury 
in CT and MRI might be invaluable (Fig. 1). (Aly et al., 2023a) Providing 
a data set for training, assessing the results for each reviewer, and 
providing feedback is highly recommended.(Obuchowski and Bullen, 
2022) Additionally, an ongoing discussion among the reviewers about 
the challenges they encounter during image review is highly 
encouraged. 

3.2.5. Image interpretation protocol 
Each reviewer should review all deidentified images while blinded to 

all clinical data or other image readings, i.e., blinded reviews. (Bossuyt 
et al., 2015) When examining the CT or MRI images, knowledge of the 

other modality’s results may bias the interpretation, the so-called 
diagnostic review bias (Pavlou et al., 2021).To reduce recall bias, CT 
and MRI images should be presented to the reviewers randomly in two 
separate sessions with at least four-week intervals. Each reviewer should 
interpret images independently because consensus reads do not repre
sent either reviewer and are thus not generalizable to clinical practice. 
(Obuchowski and Bullen, 2022) At least one reviewer should be assigned 
to review all the images for two rounds to calculate intraobserver reli
ability. (Aly et al., 2021a) In the case of multiple fractures, the fracture 
with the highest AO classification will be selected for analysis by one 
reviewer to avoid confusion. (Vaccaro et al., 2013) Multiplanar image 
viewer, such as picture archiving and communication systems (PACS), is 
mandatory as they improve the accuracy of CT and MRI interpretation. 
(Fig. 1). (Aly et al., 2023a) 

3.3. Domain 4: Outcome and outcome measures 

MRI’s impact on TLF management can be measured by its diagnostic 
impact: change in PLC status or fracture classification or therapeutic 
impact; a change in treatment decision from surgery to conservative or 
vice versa. (Aly et al., 2024) 

3.3.1. Diagnostic impact: Rate of change in fracture classification 
The rate of change in AOSpine classification can be quantified as the 

transition from type A to type B injuries or vice versa due to changes in 
PLC status after MRI. (Aly et al., 2024) The following should not be 
counted as a change in fracture classifications: (Aly et al., 2024) 1) a 
change in classification from A-injuries subtype to another, for example, 
A1 to A3 due to disclosure of posterior vertebral wall injury or A3 to A4 
due to disclosure of second endplate injury. MRI is not routinely utilized 
in clinical practice to detect bone fractures; 2) identifying mild 
compression fractures or bone marrow edema as their influence on 
decision-making is negligible; 3) identifying or grading intervertebral 

Fig. 3. MRI criteria for thoracolumbar posterior ligamentous complex injury 
(A-D) Black stripe discontinuity; (A) Sagittal STIR images are the best sequence to detect the discontinuous black stripe due to supraspinous ligament rupture 
(black arrow) or ligamentum flavum rupture (black arrow head); (B) Axial T2-weighted images show supraspinous ligament stripped from the spinous process tip 
(green ring); (C) Axial T2 image shows diffusely macerated horizontal ligamentum flavum tear (two green arrows); (D) Axial T2 images showing bilateral dislocated 
facets (two green arrows). 
(E–H) High signal intensity; (E) Sagittal STIR images show ill-defined high signal intensity indicating interspinous ligament edema (white ring); (F) Axial T2 image 
shows vertical ligamentum flavum tear: unilateral focal ligamentum flavum tears associated with vertical laminar fracture (blue arrow); (G) Axial T2-weighted 
images show high signal intensity due to bilateral facet joint effusion (two white arrows).; (H) Sagittal STIR images show no high signal intensity with no black 
stripe discontinuity, indicating an intact posterior ligamentous complex. (For interpretation of the references to colour in this figure legend, the reader is referred to 
the Web version of this article.) Aly et al., 2023a 
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disc injury, as its role in decision-making is still debatable (Kanezaki 
et al., 2018). 

3.3.2. Therapeutic impact: rate of change in treatment decision 
The rate of change in the decision-making is defined by a shift from 

conservative to surgical or vice versa due to MRI’s change in PLC status. 
(Aly et al., 2024) The following outcome measures can be used for 
treatment decision change: 1) the rate of change in prospective treat
ment decisions after MRI compared to a decision based on CT alone. 
(Pizones et al., 2012b); (Winklhofer et al., 2013) In a retrospective 
design, the reviewers should comment on their treatment decision based 
on the CT and the MRI while blinded to the actual treatments; 2) the rate 
of change in TLICS-based treatment recommendations after the MRI. 
The rate of change in the decision can be defined as any switch between 
the three categories or between’’Conservative/Grey zone’’ and ’’Sur
gery’’; 3) the rate of change in TL AOSIS-based treatment recommen
dations after MRI. The rate of change in the decision can be defined as 
any switch between the three categories or between’’Conservative/Grey 
zone’’ and ’’Surgery’’; (Aly et al., 2022b) 3)Comparing MRI-based de
cisions with real-world decision-making is highly discouraged given the 
substantial individual variations in decision-making. 

A change in surgical approaches, such as posterior-only vs. 360⁰ 
fusion, fusion vs non-fusion instrumentation, the extent of instrumen
tation, or the extent of decompression in patients with neurologic defi
cits, should not be counted as a change in the treatment decision (Aly 
et al., 2024).There are no agreed-on indications for these decisions, and 

they usually rely on surgeons’ preferences, making them challenging to 
standardize. (Aly et al., 2024) 

3.3.3. Prediction of when MRI may change classification or decision- 
making 

To guide the indications of MRI, it is essential to identify the clinical 
or radiological predictors of upgrading from type A to type B. (Aly et al., 
2024) Potential variables include 1) Indeterminate PLC status; 2) AO 
fracture subtype (A1-A4); 3)Spine region as thoracic (T1-T10), thor
acolumbar junction (T11-L2), or lo lumbar (L3-L5); 4)TLICS/TLAOSIS 
score (Aly et al., 2022b). 

4. Discussion 

4.1. Key findings and interpretation 

Insufficient evidence exists regarding whether MRI sufficiently in
fluences TLFs’ decision-making to justify the increased cost and time 
delay (Aly et al., 2024), (Qureshi et al., 2019). The lack of evidence may 
be attributed to the intrinsic bias in image-based diagnostic accuracy 
studies and those unique to TLFs, such as the wide variations in defi
nitions for PLC injury and the outcome metrics for MRI’s impact. (Aly 
et al., 2024) To our knowledge, this is the first study to present a 
structured methodology for examining the effects of MRI on neurolog
ically intact patients with TLFs. 

Fig. 4. CT findings of thoracolumbar posterior ligamentous complex injury 
(A-D) Midsagittal CT image showing (A) transverse spinous process fracture (white arrow), (B) avulsion spinous process fracture (green circle), (C) interspinous 
widening (solid green line) compared to the level above and below (2 dashed green lines); (D) avulsion spinous process fracture (white circle); (E) Coronal 
reconstruction images showing horizontal lamina fracture (white arrow); (F) sagittal CT image showing horizontal laminar fracture (white arow); (G) Coronal 
reconstruction images showing the vertical orientation of the laminar fracture (black arrow); (H) Axial CT image showing a vertical fracture of the left side of the 
lamina (black arrow); (J–M) Axial CT axial image showing (J) bilateral facet dislocation (2 white arrows); (K) right Facet Subluxation (green circle) ; (L) displaced 
fracture of the left superior articular facet (green arrow); (M)Facet joint widening (>3 mm with the preserved alignment of articular surfaces (white circle). (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) Aly et al., 2023a 
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4.2. Study design 

Prospective studies are generally preferred over retrospective de
signs because they are less prone to recall and sampling bias. (Obu
chowski and Bullen, 2022) However, retrospective image-based studies 
are associated with a low risk of recall bias. A prospective study design 
might help minimize verification and sampling bias. A retrospective, 
well-designed study can be as effective as a prospective design if it has a 
high verification rate and includes a balanced cohort regarding fracture 
types, mode of treatment, and neurological deficits (Obuchowski and 
Bullen, 2022). Multicenter studies may have significant advantages over 
single-center studies, particularly involving diverse settings and 
geographical areas. The diversity of study populations and observers 
would reduce selection bias and improve the generalizability of results. 
Multicenter studies would account for differences between facilities in 
imaging protocols and CT or MRI machines (Obuchowski and Bullen, 
2022). 

4.3. Patients selection 

4.3.1. Patient population 
The key to appropriate patient selection is consecutive patient 

sampling and adhering to strict eligibility criteria that target TLFs’ 
population whose MRI may affect the decision-making (Elfil and Negida, 
2017). Consecutive sampling, including subjects who meet the pre
defined eligibility criteria for a specified period, has proven more ac
curate than nonconsecutive sampling (Rutjes et al., 2006). We propose 
including only neurologically intact patients with TLFs because patients 
with neurological deficits are universally treated surgically, and MRI 
will not alter their treatment decision. (Aly et al., 2022b), (Rajasekaran 
et al., 2017) C-type injuries may be excluded because they could be 
accurately classified using CT or even X-ray; hence, MRI has a negligible 
impact on their treatment decisions. (Aly et al., 2022b), (Rajasekaran 
et al., 2017) By excluding those two patient groups, a more homoge
neous sample of the target population can be obtained. 

4.3.2. Mitigating potential sampling bias 
Due to the absence of unequivocal MRI indications for TLFs, 

surgeons’ preferences and logistical considerations have dominated 
patient selection and led to specific sampling bias. (Aly et al., 2024) 
Verification bias happens when only a portion of TLFs patients who did 
CT will be verified by MRI depending on CT results (Fig. 5). (Pavlou 
et al., 2021), (Schmidt and Factor, 2013)For instance, patients with 
more severe fractures on CT are more likely to undergo an MRI for PLC 
assessment than those with less severe injuries who receive conservative 
treatment based on CT findings. Therefore, patients with neurological 
deficits and surgical patients are usually overrepresented, potentially 
underestimating the impact of MRI on decision-making. (Aly et al., 
2022c) Spectrum bias occurs when the study’s sample is restricted to 
more severe TLFs due to referral filters to tertiary trauma centers or a 
higher spectrum of injury in some geographical regions (Fig. 6). (Pavlou 
et al., 2021) Spectrum bias inflates the accuracy measures and reduces 
the generalizability of findings to different settings. (Pavlou et al., 
2021), (Schmidt and Factor, 2013). 

4.3.3. Should osteoporotic fractures be excluded? 
Given their high prevalence and low risk of PLC damage, osteopo

rotic fractures would falsely inflate CT sensitivity for PLC injury if 
included (Schnake et al., 2018). Excluding patients based on DEXA scan 
findings may be inappropriate since only a portion of patients with 
traumatic fractures undergo DEXA scans. (Aly et al., 2023a) Defining 
osteoporosis based on low Hounsfield units (HU), below 90–130 in axial 
CT images, may be helpful since it highly correlates with manifest 
osteoporosis. Ahern et al., 2021 Another approach is to exclude all pa
tients with pre-existing osteoporosis, no-energy, or low-energy trauma 
since they either have osteoporotic fractures or have a very minimal risk 
of ligamentous injury. Nonetheless, high-energy fractures in osteopo
rotic patients should not be excluded because they are at substantial risk 
of ligamentous injury, which may be particularly challenging to detect 
in CT images (Aly et al., 2023a). High-energy trauma can be defined by a 
fall from a great height (>2 m above ground), a car accident, or 
mountain-related sports, while low-energy trauma is characterized by a 
fall from standing (Bigdon et al., 2022). 

Fig. 5. An illustration of the underlying reason for verification bias 
Verification bias happens when only a portion of TLFs patients who did CT will be verified by MRI depending on CT results. For instance, patients with more severe 
fractures on CT are more likely to undergo an MRI for PLC assessment than those with less severe injuries who receive conservative treatment based on CT findings. 
Therefore, patients with neurological deficits and surgical patients are overrepresented, potentially underestimating the impact of MRI on decision-making. 
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4.4. The importance of standardized image interpretation 

When evaluating the influence of MRI on TLF management, the ac
curacy and reliability of image interpretation are critical determinants 
of the findings’ generalizability (Pavlou et al., 2021), (Aly et al., 2023a). 
Nonetheless, the interpretation of images may differ based on many 
factors, including imaging protocol, observers’ experience, pretraining, 
and the validity of criteria for PLC injury. Attempts should be made to 
standardize all imaging variables while not limiting the results’ appli
cation to other contexts. The value of high-quality consensus training 
cannot be overstated (Pavlou et al., 2021). Diagnostic accuracy studies 
are often criticized for overestimating the results, as they are conducted 
by experts in a research context and may not apply to real-world prac
tice. (Bossuyt et al., 2015) In light of this, a substantial number of re
viewers with diverse backgrounds must be chosen to ensure that the 
findings are applicable (Pavlou et al., 2021). 

4.5. Definition of PLC injury in CT and MRI 

The variability in the definition of PLC injury on MRI may lead to an 
inaccurate estimate of CT’s accuracy for PLCinjury, the so-called 
misclassification bias (Van Middendorp et al., 2013), (Aly et al., 
2021a) Initially, PLC injury was defined as any HSI on T2 MRI, which 
later proved to overread PLC injury during surgery(Fig. 3). (Pizones 
et al., 2012b), (Rihn et al., 2010) Instead, ’’black stripe discontinuity,’’ 
due to SSL or LF disruption, yielded higher specificity in identifying PLC 
injury during surgery (Pizones et al., 2012b). The biomechanical evi
dence showing that SSL and LF are the key structures for PLC incom
petence further supports using the black stripe discontinuity criterion 
(Wu et al., 2018). However, the use of HSI is still popular today and 
remains one of the most considerable biases in evaluating MRI’s impact 
on TLFs. A possible reason for using the HSI criterion is that being more 
prevalent would increase the study’s sample size. (Aly et al., 2023a) 
Additionally, identifying HSI may be less demanding than black stripe 
discontinuity, which requires a thorough assessment of each PLC 
component for complete vs. partial injury (Aly et al., 2021a). Aly et al. 
showed that using HSI instead of black stripe discontinuity would reduce 
the specificity of CT in detecting PLC injury from 91% to 66%, thereby 

illustrating the magnitude of misclassification bias (Aly et al., 2021a). It 
might be argued that PLC injury can occur as a continuum with 
increasing instability as the number of damaged PLC components in
creases. (Aly et al., 2022a) However, from a practical point of view, we 
need MRI dichotomous criteria for PLC injury to allow comparison be
tween CT and MRI accuracy. In that context, black stripe discontinuity is 
most valid criterion based on its specificity for detecting PLC injury 
intraoperatively and the supporting biomechanical evidence. (Pizones 
et al., 2012b), (Wu et al., 2018) 

Regarding CT, PLC injury has been identified based on one or more 
CT indicators of posterior element injury, such as spinous process frac
ture, interspinous widening, laminar fracture, and facet diastasis 
(Fig. 4). (Winklhofer et al., 2013), (Pizones et al., 2011) This criterion 
has shown only moderate accuracy (50–70%) in detecting PLC Injury 
compared to MRI. A possible explanation is that this criterion assumes 
that fractures with a single positive finding and those with four positive 
findings would have the same positive predictive value (PPV) for PLC 
injury (Aly et al., 2021a). Recently, two studies have proposed CT 
criteria for PLC injury based on the number of positive findings. 
(Khurana et al., 2018), (Aly et al., 2021a) At least two positive findings 
yielded high enough PPV (88–91%) for PLC injury on MRI, warranting 
its use as a criterion for PLC injury. A single CT finding was insufficient 
to rule out or rule in PLC injury and was considered an indeterminate 
PLC status (M1 modifier) (Aly et al., 2021a). One study showed the use 
of. CT findings increased the accuracy in detecting PLC injury from 66% 
to 91%. We concur that certain spine surgeons may employ standing 
X-rays to reveal ambiguous PLC injuries. However, the utility of stand
ing X-ray in our standardized protocol is limited by the lack of a cut-off 
point for interspinous widening or kyphosis that denotes PLC damage 
(Aly et al., 2023a). X-ray utility is further restricted to patients who are 
in excruciating pain. X-rays would probably be more helpful in detecting 
delayed kyphosis for patients treated conservatively (De Gendt et al., 
2021). 

Fig. 6. An illustration of the underlying reason for spectrum bias 
Spectrum bias occurs when the study’s sample is restricted to more severe cases due to referral filters to tertiary trauma centers or a higher spectrum of injury in some 
geographical regions. Spectrum bias may inflate the accuracy measures and reduces the generalizability of findings to different settings. 

M.M. Aly et al.                                                                                                                                                                                                                                  



Brain and Spine 4 (2024) 102787

8

4.6. Impact of MRI on the management of thoracolumbar fractures 

4.6.1. Diagnostic versus therapeutic impact of MRI on thoracolumbar 
fractures 

The influence of MRI on the management of TLFs can be determined 
by its impact on the diagnosis of PLC injury (diagnostic impact) or 
treatment decisions (therapeutic impact). (Aly et al., 2024).. In TLFs 
with intact neurology, the decision-making process relies on two vari
ables: the level of bone instability and the severity of the PLC injury. (Aly 
et al., 2022b) Changing the PLC injury status via MRI does not neces
sarily alter the treatment decision, as with unstable burst fractures. 
Therefore, MRI’s therapeutic impact may be more clinically meaningful 
than its diagnostic impact. However, the assessment of therapeutic 
impact is limited by its reliance on the contentious decision-making 
process for burst fractures.(Aly et al., 2024) In an international survey 
among spine surgeons, 46% of European surgeons recommended sur
gical treatment for A4 fractures vs. 0% of North American surgeons 
(Vaccaro et al., 2016). Arguably, PLC damage and MRI are less critical 
for decision-making as the surgical burst fracture treatment threshold 
decreases. Simply put, MRI indications for PLC assessment may have 
been affected by regional disparities in the patterns for managing burst 
fractures.Vaccaro et al., 2016 We believe each outcome has virtues and 
demerits and should be reported. 

4.6.2. Therapeutic impact of MRI on thoracolumbar fractures: Various 
metrics 

Prior research has used different metrics for treatment decisions, 
including prospective surgeon’s decisions, TLICS, or TLAOSIS recom
mendations (Aly et al., 2024). TLICS/TLAOSIS offers three-tiered rec
ommendations, comprising surgical, conservative, and grey zone. (Lee 
et al., 2005)(Vaccaro et al., 2013) A change in treatment decision may 
be defined as the transition from the "Conservative/Grey zone" to the 
"Surgery" category or any transition between the three categories. 
(Pizones et al., 2011) (Winklhofer et al., 2013). We lean towards the 
latter definition since it takes into account the transition from the ’’Grey 
Zone "to ’’Conservative’. Burst fractures with indeterminate PLC injury 
fall under the TLICS ″grey zone’’ and may receive unnecessary surgery. 
MRI ruling out PLC injury will lead to a transition from Grey Zone to 

conservative, which should be counted in MRI’s impact. It should be 
emphasized that the rate of change in treatment decisions using this 
3-tier recommendation will be higher than dichotomous prospective 
decisions or even changes in PLC status due to the presence of an 
additional category grey Zone. (Fig. 7). (Aly et al., 2024) TLAOSIS gives 
A4 fractures five points and A3 fractures three points, and indeterminate 
PLC one point instead of two in TLICS. Thus, TLICS and TLAOSIS 
advocate distinct treatments for A4M0 (Conservative and Grey Zone) 
and A4M1 (Grey Zone and surgery, respectively). This may explain why 
the rate of change in TLAOSIS and TLICS recommendations will differ. 
(Vaccaro et al., 2016) (Lee et al., 2005) 

4.6.3. Impact of MRI on treatment outcomes 
The proposed methodology assumes that PLC injury on MRI has a 

prognostic value based on AOSpine classification and TLICS. (Lee et al., 
2005), (Vaccaro et al., 2013), (Vaccaro et al., 2016) No clinical studies 
have documented radiographic, neurological, or patient-reported out
comes of untreated PLC injuries. (Van Middendorp et al., 2013), (Alanay 
et al., 2004) It might be argued that the impact of MRI on managing TLFs 
should not rely solely on identifying PLC injury, but on the impact of 
identified PLC injury on operative or non-operative outcomes. However, 
examining the predictive value of MRI would be illusive as it varies 
according to the extent of PLC injuries regarding the number of PLC 
structures damaged, the extent of anterior column or disc injury, and 
affected spine region (Alanay et al., 2004) Furthermore, studying the 
natural history of PLC injuries will be challenging because most PLC 
injuries are treated surgically according to the current treatment algo
rithm by AOSpine and TLICS. (Lee et al., 2005) 

4.7. Can we predict when MRI would significantly impact the decision- 
making of thoracolumbar fractures? 

It is critical to determine the influence of MRI on TLF decision- 
making. It is also crucial to forecast when MRI will influence decision- 
making to establish cost-effective MRI indications that balance the 
added benefits with additional cost, effort, and treatment’s delay (Aly 
et al., 2024). The impact of MRI on decision-making may vary in 
different spine regions due to their distinctive anatomy and 

Fig. 7. Impact of MRI on treatment recommendation of Thoracolumbar injury score (TLICS) Vs. Thoracolumbar AOSpine injury severity score (TLAOSIS) for A4M0 & 
A4M1 fractures 
Abbreviations, M1, M1 modifer for indetrminate PLC status, M0, No M1 modifier. 
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biomechanics. (Aly et al., 2024), (Aly et al., 2022b) For instance, MRI 
has shown much less impact on decision-making for low lumbar frac
tures (L3-L5) than thoracic fractures (T1-T10). (Aly et al., 2022c), 
(AlRaddadi et al., 2024) One study found that M1 modifier; as defined 
by a single CT finding, may predict most upgrades from A to B-type 
injuries , indicating the need for further MRI for PLC assessment (Aly 
et al., 2022b).A3M1 exhibited a 20% upgrade rate to B-injuries 
compared to 0% for A3M0. Therfore, the combining the A fracture 
subtype with M1 modifier may guide MRI indications in individual pa
tients (Aly et al., 2022b). The TLAOSIS ″Gey Zone’’ predicted a higher 
chance of MRI upgrading from Type A to Type B than the conservative or 
surgical category. (Aly et al., 2022b) 

5. Conclusion 

There is insufficient evidence that MRI could substantially impact 
the decision-making in neurologically intact patients with thor
acolumbar fractures. The scarcity of research could be attributable to 
methodological difficulties in assessing MRI’s impact on thoracolumbar 
fractures. The methodological issues may be related to intrinsic bias in 
image-based studies and those linked to TLFs, such as the absence of 
consensus on criteria for PLC injury or metrics for MRI’s impact. We 
proposed the first structured methodology for examining the impact of 
MRI on neurologically intact patients with TLFs. The proposed method 
focuses on appropriate patient selection, standardized CT/MRI image 
analysis, and using clinically meaningful outcome measures. 
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