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Aim: Our aim was to determine whether a combination of sagittal index (SI), canal compromise 
(CC), and loss of vertebral body height (LVBH) is associated with the severity of neurological 
injury in patients with thoracolumbar burst fractures. Materials and Methods: Seventy‑four 
patients with thoracolumbar burst fracture undergoing instrumentation between 2010 and 
2015 were analyzed retrospectively. The degree of neurological injury was determined using 
the American Spinal Injury Association (ASIA) scoring system. The association between the 
morphology of the fracture and the severity of neurological injury was analyzed. Results: There 
was a strong association between fracture morphology and the severity of neurological injury. Of 
the patients, 77.5% with SI ≥20°, 81.6% with CC ≥40%, and 100% with LVBH ≥50% had lesion 
according to ASIA. All of 7 patients with ASIA A had SI ≥20°, CC ≥40%, and LVBH ≥50%. On 
the other hand, 79% of the patients with ASIA E had SI <20°, 83.7% of the patients with ASIA 
E had CC <40%, and all of the patients with ASIA E had LVBH <50%. SI, CC, and LVBH 
were lower in neurologically intact patients (ASIA E), whereas they were higher in patients with 
neurological deficits (ASIA A, B, C, D) (P = 0.001; P < 0.01). These measurements had 100% 
negative predictive values and relatively high positive predictive values. Conclusion: SI, CC, 
and LVBH are significantly associated with the severity of neurological injury in patients with 
thoracolumbar burst fractures. The patients with SI >25°, the patients with CC >40%, and the 
patients with LVBH >50% are likely to have a more severe neurological injury.
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neurological recovery. There are many measurement methods 
to evaluate the fracture morphology. Sagittal index (SI), canal 
compromise (CC), and loss of vertebral body height (LVBH) 
are the most accepted measurement techniques to assess the 
radiological characteristics of thoracolumbar burst fractures.[8‑13]

Association between SI, CC, LVBH and neurological damage 
is controversial. Each measurement technique has certain 
limitations when evaluated individually. To make a more 
comprehensive evaluation, it might be useful to measure SI, 
CC, and LVBH together and search for their correlation to the 
degree of neurological injury. For this reason, we calculated 
the SI, CC, and LVBH in thoracolumbar burst fractures and 
aimed to determine whether‑ and to what extent these 3 
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Introduction

T here are certain prognostic factors to determine the 
neurological outcome of the patients in spinal cord 

injury (SCI). Etiology, severity of trauma, and preoperative 
neurological condition are the most important factors 
influencing the prognosis.[1‑3] Patients with a complete SCI 
have a <5% chance of neurological recovery whereas the 
prognosis is much better for the patients with an incomplete 
SCI. On the other hand, there is no consensus about 
the association between the severity of the SCI and the 
radiological characteristics of the fracture.[4,5]

It is well known that posttraumatic neurological condition of 
the patient is the most important factor determining the extent 
of the neurological improvement which is the main goal of the 
treatment.[6,7] To reach this aim, we need to evaluate radiology 
of the fractured vertebra and correlate this to the neurological 
condition of the patient. By assessing the morphology of the 
fracture, it might be possible to determine the severity of the 
injury and to identify the patients who would have a chance of 
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parameters are associated with the severity of neurological 
injury.

Materials and Methods
Seventy‑four patients with thoracolumbar burst fracture 
undergoing thoracolumbar instrumentation between 2010 
and 2015 were analyzed retrospectively. All of the patients 
underwent a transpedicular screw fixation of 2‑level above 
and 2‑level below the fractured vertebra. Patients with 
multisegmental fractures, pathological or osteoporotic 
fractures, and patients with ankylosing spondylitis were 
excluded from the study. Magnetic resonance (MR) 
imaging scans of the patients were analyzed. To identify the 
morphology of the injury; SI, CC, and LVBH were calculated 
as proposed in the literature.

Mid‑sagittal T2‑weighted MR images were used to determine 
the SI as proposed by Farcy et al.,[8] SI was calculated as the 
kyphotic deformity at the fracture motion segment level minus 
the normal contour (baseline value). An angle of 5° in the 
thoracic, 0° at the thoracolumbar junction, and 10° in lumbar 
region were considered baseline values [Figure 1]. SI was 
classified as either <20° and ≥20°.

Mid‑sagittal T2‑weighted MR images were used to measure 
the CC as originally described by Fehlings et al.[9] for cervical 
spine and applied to the thoracolumbar region by Vaccaro 
et al.[14] The percentage of the CC was calculated using the 
narrowest mid‑sagittal diameter of the spinal canal at the level 
of fractured vertebra, and the average mid‑sagittal diameters 
of the spinal canal at one level above and below the fractured 
vertebra [Figure 2]. CC was classified as either <40% and 
≥40%.

Mid‑sagittal T2‑weighted MR images were used to measure 
the LVBH as proposed by Keene.[11] The percentage of the 
LVBH was calculated using the anterior height of the injured 
vertebra and the mean of the anterior height of the adjacent 
two intact vertebrae [Figure 3]. LVBH was classified as 
either <50% and ≥50% as suggested by McAfee et al.[5] All 
measurements were done by two separate neurosurgeons, and 
the means were recorded to minimize the measurement errors.

For the combined measurement, the patients were divided 
into two groups based on their SI, CC, and LVBH values. 
Group 1 included the patients with SI ≥20°, CC ≥40%, and 
LVBH ≥50%. Group 2 included the patients with SI <20°, 
CC <40%, and LVBH <50%.

The International Standards for Neurological Classification 
of SCI, published by the American Spinal Injury 
Association (ASIA) and revised in 2011,[15] was used to 
identify the neurological conditions of the patients. The degree 
of neurological injury was determined based on their ASIA 
scores on admission to the emergency department. The terms 
“Normal neurological function,” “Neurologically intact,” and 
“No lesion” were used for ASIA E whereas “Lesion” was used 
for ASIA A, B, C, and D. The term “Complete SCI” was used 
for ASIA A whereas “Incomplete SCI” was used for the scores 
in between (ASIA B, C, and D). The term ‘High score’ was 
used for ASIA A, B, C, and D whereas “Low score” was used 
for ASIA E. For scoring, neurological examination notes of 
both emergency department and the neurosurgeons were taken 
into consideration.

Statistical analysis was performed using Number Cruncher 
Statistical System (NCSS) 2007 Statistical Software (NCSS 
LLC, Kaysville, Utah, USA). Association between the 
radiological measurements and ASIA scores was measured 
using the Fisher‑Freeman test and Yates Continuity Correction. 
P < 0.05 was considered statistically significant.

Results
Considering the inclusion criteria, 74 patients met the 
criteria (47 males and 27 females) with a mean age of 
45.8 years ranging from 16 to 81 years.

SI was >20° in all of the patients with ASIA A, B, C, and 
D (lesion). However, SI was <20° in 79% of the patients with 
ASIA E (P = 0.001; P < 0.01) [Table 1]. The association 
between the SI and the severity of neurological injury was 
significant with 100% sensitivity, 79% specificity, 77.5% 

Figure 1: Mid‑sagittal T2‑weighted magnetic resonance image showing the calculation 
of the sagittal index. The sagittal index was calculated as the kyphotic deformity at the 
fractured motion segment level minus the normal contour (baseline values). An angle 
of 5° in the thoracic, 0° at the thoracolumbar junction, and 10° in lumbar region were 
considered baseline values

Figure 2: Mid‑sagittal T2‑weighted magnetic resonance image showing the calculation 
of the canal compromise. The percentage of the canal compromise was calculated using 
the ratio of the narrowest mid‑sagittal diameter of the spinal canal at the level of fractured 
vertebra to the average mid‑sagittal diameter of the spinal canal at one level above and 
below the fractured vertebra
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positive predictive value, 100% negative predictive value, and 
87.8% accuracy [Table 2].

CC was >40% in all of the patients with ASIA A, B, C, and 
D (lesion). However, CC was <40% in 83.7% of the patients 
with ASIA E (P = 0.001; P < 0.01) [Table 1]. The association 
between the SI and the severity of neurological injury was 
significant with 100% sensitivity, 83.7% specificity, 81.5% 
positive predictive value, 100% negative predictive value, and 
90.5% accuracy [Table 2].

LVBH was >50% in all of the patients with ASIA A, B, 
C, and D (lesion) and <50% in all of the patients with ASIA 
E (P = 0.001; P < 0.01) [Table 1]. The association between the SI 
and the severity of neurological injury was significant with 100% 
sensitivity, 100% specificity, 100% positive predictive value, 
100% negative predictive value, and 100% accuracy [Table 2].

Combining these three variables together, of the patients in 
group 1 (SI ≥20°, CC ≥40% and LVBH ≥50%), 70.4% had a 

high ASIA score (ASIA A, B, C, D). Similarly, of the patients in 
Group 2 (SI <20°, CC <40%, and LVBH <50%), all had a low 
ASIA score (ASIA E) (P = 0.001; P < 0.01) [Table 1]. There 
is a strong association between fracture morphology (high 
scores of SS, CC, and LVBH) and the severity of neurological 
with 100% sensitivity, 69.7% specificity, 70.4% positive 
predictive value, 100% negative predictive value, and 82.4% 
accuracy [Table 2].

Discussion
The thoracolumbar spine, which generally refers to the T11‑L2 
spinal segments, is located at the junction of two physiological 
spinal curvatures.[6] Since this region is the most mobile 
region, these spinal segments are particularly vulnerable to 
fractures.[3,16]

There is no consensus regarding the exact cause of neurologic 
deficits in thoracolumbar burst fractures.[17,18] There is a 
general agreement that SCI occurs at the time of trauma, but 
the debate still exists about the role of secondary factors such 
as persistence of a bone fragment compressing the spinal cord, 
segmental kyphosis, or compression of vertebral body.[1,19] 
Considering the anatomy and biomechanics of the vertebral 
column and spinal cord, segmental kyphosis, CC, and loss of 
height of vertebral body are among the leading factors playing 
role in SCI.[20‑22]

Dendrinos et al.[1] pointed out that thoracolumbar burst 
fractures with severe kyphosis have a better prognosis, in 
case the restoration of the sagittal alignment of the spinal 
column is achieved. SI is the measurement of segmental 
kyphosis at a mobile segment of spinal column including 
1 vertebra and 1 disc. Farcy et al.[8] reported that SI >15° 
is predictive of progression of segmental kyphosis. They 
assessed SI, instability grade, and neurologic status of the 
patients at injury and after treatment. Surgical management 
was suggested for the patients with SI >15°. In our series, 
the patients with SI >20° had a higher rate of neurological 
deficit (P < 0.05), 77.5% of them having lesion according 

Figure 3: Mid‑sagittal T2‑weighted magnetic resonance image showing the calculation 
of the loss of vertebral body. The percentage of the loss of vertebral body height was 
calculated using the ratio of the anterior height of the injured vertebra to the mean of the 
anterior height of the adjacent two intact vertebrae

Table 1: The association between sagittal index, canal compromise, loss of vertebral body height and ASIA scores
ASIA P ASIA P

A B C D E Neurologically 
intact

Lesion

Sagittal Index n (%)
<20 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 34 (100) a0,001 34 (100) 0 (0,0) b0,001
≥20 7 (17,5) 4 (10,0) 11 (27,5) 9 (22,5) 9 (22,5) 9 (22,5) 31 (77,5)

Canal Compromise n (%)
<40 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 36 (100) a0,001 36 (100) 0 (0,0) b0,001
≥40 7 (18,4) 4 (10,5) 11 (28,9) 9 (23,7) 7 (18,4) 7 (18,4) 31 (81,6)

Loss of vertebral Body Height n (%)
<50 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 43 (100,0) a0,001 43 (100,0) 0 (0,0) b0,001
≥50 7 (22,6) 4 (12,9) 11 (35,5) 9 (29,0) 0 (0,0) 0 (00) 31 (100,0)

Combined Measurement n (%)
Grup I 7 (15,9) 4 (9,1) 11 (25,0) 9 (20,5) 13 (29,5) a0,001 13 (29,5) 31 (70,5) b0,001
Grup II 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 30 (100) 30 (100) 0 (0,0)

aFisher Freeman Test bYates Continuity Correction Grup I: SI≥20, CC≥35 ve LBH≥50 Grup 2: SI<20, CC<35 ve LBH<50 ASIA: American 
Spinal Injury Association
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to the ASIA classification system (ASIA A, B, C, D). On 
the other hand, of the patients with ASIA E, 79% had a 
SI <20° (P < 0.05). The association between the SI and the 
severity of neurological injury was significant with 87.8% 
accuracy.

One of the most important factors leading to neurological 
deficit is believed to be the invasion of the spinal canal by 
the retropulsed bony fragments. Hashimoto et al.[10] reported a 
strong association between narrowing of the spinal canal and 
the level of the neurological injury. Dendrinos et al.[1] found a 
significant association between initial neurological damage and 
the amount of CC. Vaccaro et al.[14] found a certain correlation 
between ASIA score and the amount of CC in thoracolumbar 
burst fractures. In our series, the patients with CC >40% had 
a higher rate of neurological deficit (P < 0.05), 81% of them 
having lesion according to ASIA classification system (ASIA 
A, B, C, and D). On the other hand, of the patients with ASIA 
E, 83.7% had a CC <40% (P < 0.05). The association between 
the CC and the severity of neurological injury was significant 
with 90.5% accuracy.

Vaccaro et al.[14] emphasized a certain association between 
ASIA scale and loss of the height of vertebral body. Isomi 
et al.[20] studied experimental burst fractures of the L1 
vertebrae of human cadaveric thoracolumbar spine and showed 
a significant correlation between the LVBH and the canal 
encroachment. In our series, the patients with LVBH >50% 
had a higher rate of neurological deficit (P < 0.05), all of them 
having lesion according to ASIA classification system (ASIA 
A, B, C, and D). On the other hand, of the patients with 
ASIA E, all had an LVBH <50% (P < 0.05). The association 
between the LVBH and the severity of the neurological injury 
was significant with 100% accuracy.

As seen from the relevant literature, association between 
fracture morphology (SI, CC, and LVBH), and the degree of 
neurological damage remains controversial. Each measurement 
technique has certain limitations when evaluated individually. 
Dendrinos et al.[1] found no correlation between initial 
neurological damage and posttraumatic segmental kyphosis. 
Some authors[10,23] suggest that the canal encroachment by 
bony fragments adds to the neurological damage while 
others report no correlation between the CC and neurological 
damage.[5,24] Although some authors reported an association 
between LVBH and neurological status of the patients,[14,20] 
whereas some authors have found no such correlation.[25,26] In 
our series, we combined these 3 parameters and detected that 
there is a strong association between this combination and the 
severity of neurological injury. The severity of neurological 

injury increases as long as the degree of SI, the amount of 
CC, and the amount of LVBH increase. In other words, SS, 
CC, and LVBH were lower in patients with lower ASIA scores 
(ASIA E) whereas they were higher in patients with higher 
ASIA scores.

Conclusion
There is a strong association between SI, CC, and LVBH, 
and the severity of neurological injury in thoracolumbar 
burst fractures undergoing instrumentation. The patients with 
SI >20°, the patients with CC >40%, and the patients with 
LVBH >50% are likely to have a more severe neurological 
injury.
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