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Abstract  

Background: Thoracolumbar fracture is the most common  
skeletal injury of the axial skeleton and accounts for around  
90% of all spinal fractures. Spinal cord injury occurs in about  
10-30%of traumatic spinal fractures. Many studies included  
age of the patients and initial canal compromise as variables  
associated with neurological recovery after neurologic injury  
with spinal fracture but little documentation in the literature  
is found on the relationship between fracture patterns assessed  
by AO classification and neurologic recovery.  

Aim of Study: To analyze the relationship between fracture  
patterns according to AO classification and neurological  
recovery in patients with thoracolumbar spine fracture who  
underwent transpedicular screw fixation with or without canal  
decompression.  

Patients and Methods: The 60 patients (38 men and 22  
women) in this series had a follow-up of 12 months, and they  
were all managed surgically. AO classification had been used  
prospectively to determine the fracture pattern. Frankel scale  
was obtained before surgery, after surgery and at the final  
follow-up.  

Results:  AO-type B fractures were the commonest. The  
degree of neurologic deficits seen at admission was the greatest  
in AO-type C and the least in AO-type A while at final follow-
up it was greatest in AO-type C and least in AO-type B. The  
neurologic recovery was the best in AO-type B, assessed by  
Frankel grading. The neurologic recovery was greater in the  

lumbar spinal fractures than the thoracic spinal fractures.  

Conclusions: In conclusion, there is a significant relation  
between the AO classification fracture pattern and neurological  
insult and the percentage of neurological recovery. The fracture  

level is correlated with the percentage of neurological recovery.  
There is no relation between the degree of canal compromise  
and the pre-operative neurological deficit in patient. The  
percentage of neurological recovery is relatively better in  
patients undergo canal decompression compared with those  

don't.  
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Introduction  

THORACOLUMBAR  fracture is the most com-
mon skeletal injury of the axial skeleton and ac-
counts for around 90% of all spinal fractures [1] .  
Spinal cord injury occurs in about 10-30% of  
traumatic spinal fractures [2] . Traumatic spinal  
cord injury is estimated to be 29-50 cases per  
million populations per year worldwide. The life  
expectancy for subjects with spinal cord injuries  
is shortened by 15-20 years compared with unin-
jured control subjects  [3] . Spinal cord injury happen  
due to destruction from direct trauma, compression  
by bone fragments, hematoma, or disk material  
and ischemia from damage or impingement on the  
spinal arteries [4] .  

Several studies assessed some of the variables  
associated with neurological recovery after neuro-
logic injury with spinal fracture, such as the age  
of patients, the level of lesion, initial canal com-
promise, initial posttraumatic kyphosis, timing of  
operation, amount of canal decompression and  
treatment method [5-7] . Although there is little  
documentation in the literature on the relationship  
between fracture patterns assessed by AO classifi-
cation and neurologic recovery  [8] .  

Patients and Methods  

Patient demographics:  
The study is a prospective study that is con-

ducted in the Trauma Unit of Assiut University  
Hospital and included 60 patients with thoracic,  
thoracolumbar and lumbar spine fractures combined  
with neurologic deficit and treated with transpedic-
ular screw fixation in the Emergency Department  
from January 2016 till June 2017. The 60 patients  
(38 men and 22 women) in this series had a follow-
up of 12 months. The average age at the time of  
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operation was 34.18 years, ranging from 16 to 60  
years. The cause of injury was a fall from the  
height in 27 patients (45%) and automobile accident  
in 19 patients (31.7%). Other causes accounted for  
injury in 14 patients (23.3%).  

Patient evaluation:  
All patients were assessed for back pain evalu-

ation by Visual Analogue Scale [9]  (VAS).  

Neurological evaluation was done preoperative-
ly, post-operatively and at follow-up visits accord-
ing to Frankel classification [10] . The Frankel grade  
was exchanged numerically and analyzed. For  
example Frankel grade A was changed as 1 and  
Frankel grade E as 5. The percentage of neurologic  
recovery was defined as the “actual neural  
recovery” (final follow-up score minus pre-
operative score) divided by the “potential neural  
recovery” (maximal score minus preoperative  
score).  

Plain radiographs and computerized tomography  
scans were obtained in all cases. The fractures  
were classified according to AO classification [11] .  
Fracture of L 1 vertebra was the most affected level.  
The extent of spinal canal compromise was meas-
ured using computed tomography with a slice  
thickness of (3 or 5mm).The least mid-sagittal  
diameter of the spinal canal at the level of injury  
was measured. The mid-sagittal diameter of the  
original spinal canal was estimated by calculating  
the mean of corresponding measurements at the  

un-injured adjacent levels above and below the  
injured vertebra. The percentage of spinal canal  

compromise at presentation was calculated using  
the formula: a=(1-X/Y)100 (a=percentage of canal  
compromise, X=mid-sagittal diameter ofthe spinal  

canal at the level of injury, Y=mean of the mid-
sagittal diameters of the spinal canal one segment  
above and below the level of injury [12]  Fig. (1).  
Functional evaluation at follow-up visits was done  

using oswestry disability index [13] .  

(A) (B) (C)  

MSD (%) = {1-(B / [(A + C) / 2])} X 100  
Fig. (1): Illustration of checking (MSD) of fracture vertebra.  

Operative technique:  
Direct decompression by laminectomy was  

done for fractures with reversed cortical sign or in  

case of entrapment of the root or dural sac by split  
laminal fracture. Other than that ligamentotaxis  
was done.  

Thirty seven patients (61.7%) underwent long  
segment TPSF and 23 patients (38.3%) underwent  
short segment TPSF. Decision was done depending  
on load sharing fracture classification [14] . Long  
segment TPSF was done for the patients with score  
≥7.  

Statistical analysis:  
A two-tailed p<0.05 was considered statistically  

significant. All analyses were performed with the  
IBM SPSS 20.0 software.  

Results  

According to Frankel classification, pre-
operative neurological status was grade A in 16  
patients (26.7%), B in 10 (16.7%), C in 22 (36.6%)  
and D in 12 (20%). At last follow-up visits, it was  

A in 10 patients (16.7%), B in 3(5%), C in 10  
(16.7%), D in 30 (50%) and E in 7 (11.6%). Thirty  
nine patients of 60 (65%) improved at least one  
grade of Frankel classification. The total percentage  
of neurologic recovery was 34%.  

Only two patients (3.3%) presented with type  
A while type B was the most common type (75%).  
Type (B 1) was the most common subtype. While  
type C cases represented 13 patients out of 60  
(21.6%) (Table 1).  

Back pain, according to VAS score, improved  
significantly from (8.96±0.80) pre-operatively to  
(3.28± 1.42) at last follow-up visits (p<0.001).  

Functional assessment of patients, according  
to ODI, showed 30 patients (50%) were with min-
imal or moderate disability. Twenty patients  
(33.3%) were with severe disability and the remain-
ing 10 (16.7%) were crippled or bed bound.  

Table (1): Distribution of fracture pattern according to AO  
classification.  

AO classification  No.  %  

A:  
A2  2  3.3  

B:  
B1  24  40.0  
B2  20  33.3  
B3  1  1.7  

C:  
C  13  21.7  
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Relation between AO fracture pattern and neu-
rological status:  

After changing the Frankel grade into numbers  

(Frankel grade A was changed as 1 and Frankel  

grade E as 5), the pre-operative neurological insult  
was the highest in fracture AO- type C (1.46 ±0.78),  
and the least neurological insult was in AO-type  
A (3±0). At final follow-up, the neurological insult  

was still the highest in fracture AO-type C (2.23 ±  
1 .3), followed by AO-type A (3 ±0) (no changes in  
the degree of insult). The least neurological insult  
was observed in AO-type B (3.69 ± 1.08) (p<0.001).  
The best neurological recovery was observed in  
AO-type B (40%), followed by AO-type C (21%),  

and lastly AO-type A (0%) (Table 2).  

Table (2): Relation between AO fracture pattern and neuro-
logical status.  

AO classification  

A  
Mean  ±  Sd  

B  
Mean  ±  Sd  

C  
Mean  ±  Sd  

p - 
value  

• Pre-operative  
Neurology  

• Neurology at final  
follow-up visit  

• Recovery  
percentage (%)  

3±0  

3±0  

0  

2.78± 1 .02  

3.69± 1.08  

40  

1.46±0.78  

2.23± 1.3  

21  

0.000  

0.001  

* : Statistically significant difference (p<0.05).  
**: Highly statistically significant difference (p<0.01).  

Relation of fracture  level and neurological insult:  
The severity of pre-operative neurologic insult  

was the greatest in thoracic spine (T1 to T10)  

fractures followed by lumbar spine (L2 to L5)  
fractures and the least pre-operative neurologic  

compromise observed with TL junction (T11, T12,  
and L1) fractures. At the final follow-up, the se-
verity of neurologic compromise was the greatest  

in thoracic spine fractures followed by thoracolum-
bar junction fractures and the least neurologic  

insult was observed with lumbar fractures.  

The percentage of neurologic recovery was  
significantly the worst in thoracic spine fractures  

(0%), followed by thoracolumbar junction fractures  
(34%). The best neurological recovery was in the  

lumbar spine fractures (46%) (Table 3).  

Relation between canal compromise and neu-
rological evaluation:  

Mid-sagittal diameter improved from pre-
operative score (49.17 ±28.32) to (17. 17± 19.79) at  
postoperative CT scan. Canal compromise range  

decreased postoperatively by 32%.  

No relation was found between degree of canal  
compromise and neurological deficit of the patients  

neither pre-operatively (p=0.386) nor in final fol-
low-up (p=0.405).  

Relation between canal decompression and  
neurological evaluation:  

The 32 patients (53.3%) who underwent canal  
decompression (laminectomy) showed 39% neuro-
logical recovery while the remaining 28 (46.7%)  
who don't underwent canal decompression showed  
relatively less neurological recovery (25%) with  
no significant difference (Table 4).  

Table (3):  Relation of fracture level and neurological insult.  

Frankel points  

Level of fractured vertebrae  
p- 

value  Thoracic  
Mean  ±  Sd  

TL Junction  
Mean  ±  Sd  

Lumbar  
Mean  ±  Sd  

• Pre-operative  
Neurology  

• Post-operative  
Neurology at final  
follow-up  

• Recovery  
percentage (%)  

1 ±0  

1 ±0  

0  

2.71 ± 1.1  

3.54± 1.19  

34  

2.43±0.85  

3.64±0.74  

46  

0.003  

0.000  

* : Statistically significant difference (p<0.05).  
**: Highly statistically significant difference (p<0.01).  

Table (4): Relation between canal decompression and neuro-
logical evaluation.  

Decompression  

     

p- 
value  

Frankel points  No  
Mean ±  SD  

Yes  
Mean ±  SD  

      

• Pre-operative 2.29± 1.3 2.69±0.86 0.159  
• Final follow-up 3.04± 1.57 3.63±0.83 0.070  
• Recovery percentage (%) 25 39  

* : Statistically significant difference (p<0.05).  
**: Highly statistically significant difference (p<0.01).  

Discussion  

In the current study 60 patients with thoracic,  

thoracolumbar and lumbar spine fractures combined  
with neurologic deficit were treated with trans-
pedicular screw fixation in the Trauma Unit of  

Assiut University Hospital from January 2016 till  

June 2017.  

The most fractured level in this study was L1  

(38.3%), as well as in Kaneda et al., study [15]  
(50%). This is due to the anatomical and biome-
chanical changes that occur in this region “the  

transition zone”.  

In the current study two patients (3.3%) out of  

60 were type A, 45 type B (75%) and 13 type C  
(21.7%). These results are not comparable with  
the results of Mauro et al., study [16] , in which  
fractures were assessed according to AO classifi- 
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cation and 41 patients (70.69%) out of 58 were  

type A, 5 type B (8.62%), and 12 type C (20.7%).  

Also in that study, neurological evaluation at  
admission, according to ASIA grading system,  

showed 17 patients out of 58 (29.3%) were at grade  

A, 11 (19%) grade B, 10 (17.2%) grade C and 20  
(34.5%) grade D. Forty-two patients (72.4%) had  

improvement in neurologic function at 1-year  

follow-up. Comparable results were reported in  

the current study as neurological evaluation at  
admission, according to Frankel classification,  
showed that 12 patients out of 60 (20%) were grade  

D, 22 (36.6%) grade C, 10 (16.6%) grade B and  

16 (26.6%) grade A. Thirty nine patients of 60  

(65%) had improvement in neurologic function  
during the duration of the study.  

Less neurological improvement was observed  
in the study of Deuk et al., [17]  who reported  
improvement in 17 cases out of thirty nine (43.5%).  

Regarding relation between fracture pattern  

and neurological status and recovery, the current  
study showed that the greatest neurological insult  

was with the fracture pattern AO-type C pre-
operatively and at last follow-up. However the  

worst neurological recovery at final follow-up was  
with AO-type A fractures (0%). This may be attrib-
uted to the small number of patients in this fracture  
pattern (two patients only). The best neurological  

recovery was with AO-type B fractures (40%)  

followed by AO-type C fractures (21%).  

In the study of Moon et al., [18] , the initial  
Frankel grading showed that 14 patients out of 38  
were Grade D, 9 patients were Grade C, 2 patients  

were Grade B and 13 patients were Grade A. The  

severity of neurologic compromise pre-operatively  

and at the final follow was higher in the fracture-
dislocation than burst fracture. However, the neu-
rologic recovery for Frankel grade, ASIA sensory  
and ASIA motor ratings was similar between burst  
fracture and fracture-dislocation.  

Also in that study, the severity of pre-operative  

neurologic compromise was high in thoracic spinal  
fractures (T3-T10) and low in lumbar spinal frac-
tures (L2-L4). The neurologic recovery was greater  

in the lumbar spinal fractures than in the thoracic  

spinal fractures.  

Comparable results were noticed in the current  

study, as the severity of pre-operative neurologic  
insult was significantly the highest in thoracic  
spine fractures followed by lumbar spine fractures,  

and the least was observed in thoracolumbar junc-
tion (T1 1, T12 & L1). Similarly, the best neurolog- 

ical recovery was with lumbar region fractures  

(46%) followed by thoracolumbar junction fractures  

(34%). No improvement detected with thoracic  

spine fractures.  

Regarding canal compromise, Mohanty et al.,  
[19]  reported in this study that the mean extent of  
spinal canal compromise in patients with neuro-
logical deficits was (50%), whereas it was (36%)  

in those with no deficit. The difference between  

the extent of canal compromise and the severity  
of neurological deficit at the thoracolumbar and  
lumbar spine was not significant (p=0.08). Also  
Benson et al., [20]  reported that there was no cor-
relation between the degree of canal compromise  
and any clinical symptoms. Similar results were  

noticed in this study. This may be attributed to the  

fact that spinal cord injury occurs at the time of  

trauma rather than being a result of pressure from  

fragments persisting in the canal.  

Considering return to work (50%) of patients  

can return to work in the current study. In McLain  

RF study [21] , (70%) of patients returned to work,  

and an additional (8%) were capable of work de-
spite remaining unemployed.  
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