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Abstract: Background: The reposition of bone fragment is important in the treatment for thoracolumbar burst frac-
tures, but it is not clear whether there are correlations between the reposition of bone fragment and the size of bone 
fragment, and AO classification in the thoracolumbar fractures. Materials and methods: Forty-two patients were 
divided into two groups according to whether reposition of bone fragments (Reposition group) or not (Non-reposition 
group). There were 17 patients in the reposition group and 25 patients in the non-reposition group. All the fractures 
were classified according to the AO classification system. Neurological status was classified according to American 
Spinal Injury Association (ASIA) grading. The height and width of bone fragments (HBF and WBF) were measured. 
Then ratio of height of bone fragment occupying height of posterior wall of vertebrae body (RHBF) and ratio of width 
of bone fragment occupying transverse canal diameter (RWBF) were calculated. Spearman correlation coefficients 
were used to evaluate relationships between reposition of bone fragments and those parameters, AO classification. 
Results: There was a significant difference on the HBF (t=-3.518, P=0.001<0.05), WBF (t=-3.312, P=0.002<0.05), 
RHBF (t=-2.828, P=0.007<0.05) and RWBF (t=-4.164, P=0.000<0.05) between the two groups. There were sig-
nificant positive correlations between reposition of bone fragments and AO classification (r=0.569, P<0.01), and 
RWBF (r=0.429, P<0.01), and RHBF (r=0.361, P <0.01), and HBF (r=0.326, P<0.05), and WBF (r=0.305, P<0.05). 
Conclusion: AO classification, HBF, WBF, RHBF and RWBF are predictive of reposition of bone fragments in thoraco-
lumbar burst fractures and correlated to reposition of bone fragments. 
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Introduction 

Ninety percents of spinal fractures occur in the 
thoracolumbar region, and burst fractures con-
tribute to approximately 10-20% of such inju-
ries [1-4]. It is one of the most common causes 
for spinal cord injury. In all thoracolumbar burst 
fractures the frequency of neurological deficits 
can reach up to 50-60% [4-6]. Spinal cord inju-
ry includes both primary and secondary injury 
mechanisms [2, 7]. Secondary injury caused by 
compression of bone fragments and lead to a 
series of pathophysiologic changes, such as 1) 
vascular changes [7, 8]; 2) electrolyte shift [9, 
10]; 3) neurotransmitter accumulation [11-13]; 
4) arachidonic acid release [14-16]; 5) endoge-
nous opioids [17, 18]; 6) edema formation [19]; 
7) inflammation; and 8) loss of energy metabo-
lism [20]. Fortunately, reposition of bone frag-

ments could avoid aggravating the secondary 
injury.

Anterior and posterior are two approaches in 
the spinal surgery. Posterior surgery was rec-
ommended to use in emergency neurode com-
pression and fix unstable thoracolumbar frac-
tures, since it could shorten operation time and 
reduce blood loss versus anterior surgery [21-
25]. Lordosation and distraction with the inter-
nal fixator lead to the restoration of the height, 
kyphosis correction and in many cases widen-
ing canal by the phenomenon of ligamentotaxis 
in the posterior surgery [26]. Ligamentotaxis is 
primarily induced by increased tension on the 
posterior longitudinal ligament during lordosa-
tion and distraction. The volume of the frac-
tured vertebra increase rapidly during this pro-
cedure. This may contribute to the effect of liga-
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mentotaxis which generated the area under 
pressure, however it inducing suction on the 
dislocated bone fragments [27].

Although the ligamentotaxis plays an important 
role in the restoration of bone fragments, not 
all the bone fragments can be repositioned in 
the posterior surgery. According to the study 
[27], the non-reposition of bone fragment may 
be due to the degree of instrumental lordosa-
tion, variation of the shape of the dislocated 
fragments and frequency, and the extent of 
damage of posterior longitudinal ligament. But 
there are few studies about the correlations 
between the reposition of bone fragments and 
the characteristic of bone fragments [28], AO 
classification, and ASIA grading. This study 
aims to determine the correlations between the 
reposition of bone fragment and the size of 
bone fragment, AO classification, and ASIA 
grading.

Materials and methods

We retrospectively reviewed consecutive pa- 
tients with a thoracolumbar (T11-L2) burst frac-
ture from a single center [29] (from 2009 to 
2013). Inclusion criteria include: 1) patient with 
single vertebrae thoracolumbar burst fractures 
because of trauma; 2) patient was examined by 
multi-planar computed tomography (CT) scan 
before and after surgery; 3) surgery was im- 
plemented within a week and 4) posterior longi-
tudinal ligament was intact according to the 
MRI image. The patients who conform to the 

above four criteria were taken into this study. 
Mimics10.01 measures the relevant parame- 
ters.

Axial-plane central canal measurements

The width of bone fragment (WBF, Figure 1A) 
was defined as width of bone fragment at  
the vertebral pedicle level of CT image. 
Transverse canal diameter (TCD, Figure 1B) 
was defined as distance between the medial 
borders of the pedicles at the mid-pedicle level. 
All measurements were measured directly with 
Mimics10.01.

The ratio of width of bone fragment occupying 
transverse canal diameter (RWBF) was calcu-
lated according to formula V2/(V1 + V3)/2.28 
V1 indicates the TCD above the injury vertebra. 
V2 indicates width of bone fragment. V3 indi-
cates TCD below the injured vertebra.

Sagittal-plane central canal measurements

The height of bone fragment (HBF, Figure 1C) 
was defined as height of bone fragment at the 
mid-sagittal plane of the CT image. Height of 
posterior wall of injury vertebral body was cal-
culated according to formula (V1 + V3)/2.28, 
29 The ratio of height of bone fragment occupy-
ing posterior wall of injury vertebral body (RHBF) 
was calculated according to formula V2/(V1 + 
V3)/2.28, 29 V1 indicates the height of verte-
bra at the level above the injury vertebra. V2 

Figure 1. A. The width of bone fragment was 17.04 mm; B. The transverse canal diameter was 26.77 mm. C. The 
heights of posterior vertebral wall above and below the injury vertebral were 30.76 mm and 30.54 mm. The height 
of bone fragment was 12.81 mm.
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indicates height of bone fragment. V3 indicates 
height of vertebral at the level below the injured 
vertebra. V1, V2 and V3 were measured directly 
with Mimics10.01 assistance.

Fracture pattern and neurological injury

All the fractures were classified according to 
the AO classification system [30]. A1 is com-
pression fracture. A3 is burst fracture. A3.1 is 
wedge compression fracture. A3.2 is sagittal or 
coronal split fracture in the vertebral body. A3.3 
is comminuted and displacement fracture. 

The neurological status was classified accord-
ing to American Spinal Injury Association’s 
modified Frankel’s grading of traumatic para-
plegia: 30 A, No sensory or motor function is 
preserved in the sacral segments S4-S5; B, 
Sensory but not motor function is preserved 
below the neurological level and includes the 
sacral segments S4-S5; C, Motor function is 
preserved below the neurological level, and 
more than half of key muscles below the neuro-
logical level have a muscle grade less than 3; 
D, Motor function is preserved below the neuro-
logical level, and at least half of key muscles 
below the neurological level have a muscle 
grade greater than or equal to 3; and E, Sensory 
and motor function is normal. As the fractures 
pattern is sequentially classified into three sub-
groups and neurological injury is classified into 
five types, the values are added to provide a 
comprehensive severity score. A3.1 is assigned 
1 point, A3.2 is assigned 2 points and A3.3 is 
assigned 3 points. 

Indications for surgery and status of bone frag-
ments 

Indications for surgery were loss of vertebral 
body height greater than 50% or kyphosis 
greater than 20°. All the patients underwent 
posterior surgery with posterior fixations (USS 
fracture, Depuy-Synthes, USA). Alignment of 
posterior vertebral wall was criteria for assess-
ing the status of bone fragments after surgery. 
Reposition was assigned 1 point, while non-
reposition was assigned 2 points.

Assessment of bone fragment reposition

According to the research [31] the continuous 
and smooth posterior vertebral body line imag-
ing is a simple and effective method to judge 
the reduction of a bone fragment retropulsed 
into the spinal canal. It can provide evidence as 
to whether a laminectomy and pushing the 
bone fragment are necessary during posterior 
surgery.

Statistical analysis

We used SPSS 12.0 for windows (SPSS Inc, 
Chicago, Illinois) for statistical analysis. All data 
were presented as mean ± standard deviation 
(SD) or frequency. Spearman correlation be- 
tween the reposition of the bone fragments 
and parameters about the size of bone frag-
ment, and AO classification was analyzed. All 
tests were set as two tales and a P value of 
<0.05 was considered statistical significant.

Results

Included patients

A total of 42 patients constituted the study  
population. The demographics of the patients 
are shown in Table 1. There were 17 patients 
with reposition of bone fragment and 25 
patients with non-reposition of bone fragment 
after surgery. The numbers of reposition and 
non-reposition of bone fragments in different 
AO classification and ASIA grading are shown in 
Table 2.

Measurements of parameters

Summary of CT measurements (mean, stan-
dard deviation) are shown in Table 3 for each 
measurement. The minimal HBF was 6 mm in 
the reposition group, while 8 mm in the non-

Table 1. Patient information

Patient information Position of Bone 
fraction (n)

ASIA grading 
(n)

Male (26) T11 (4) ASIA A (12)
Female (16) T12 (8) ASIA B (7)
Mean age (38.8±23.7) L1 (18) ASIA C (4)

L2 (12) ASIA D (4)
ASIA E (15)

Table 2. The AO classification and ASIA grading 
for Reposition and Non-Reposition group
AO Classification Number Reposition Non-reposition
A3.1 12 10 2
A3.2 13 3 10
A3.3 17 4 13
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reposition group. The minimal WBF was 9 mm 
in the reposition group, while 11 mm in the 
non-reposition group. The minimal RHBF were 
27.1% and 32.8% respectively in the reposition 
group and the non-reposition group. The mini-
mal RWBF was 41.8% in the reposition group 
which smaller than the 55.7% in the non-reposi-
tion group.

Correlations between reposition of bone frag-
ments and different parameters measure-
ments, and AO classification

There was significant difference on HBF, WBF, 
RHBF and RWBF between the reposition group 
and non-reposition group (Table 3). As demon-
strated in Table 4, there were significant posi-
tive correlations between reposition of bone 
fragments and AO classification (r=0.569, 
P<0.01), and RWBF (r=0.429, P<0.01), and 
RHBF (r=0.361, P<0.01), and HBF (r=0.326, 
P<0.05), and WBF (r=0.305, P<0.05). 

Discussion

These results demonstrate that AO classifica-
tion, ASIA grading HBF, WBF, RHBF and RWBF 

standard” to determine the posterior longitudi-
nal ligament injury in thoracolumbar burst frac-
ture. It has been found to be sensitive to poste-
rior longitudinal ligament injury reasonably, 
even though it may not discriminate all the pos-
terior longitudinal ligament status [32]. So in 
this study we retrospectively reviewed the med-
ical charts of patients with thoracolumbar burst 
fractures and intact posterior longitudinal liga-
ment into study. 

Nowadays, researchers found that large trape-
zoid-shaped fragments are difficult to reposi-
tion by ligamentotaxis [27]. But it is not clear 
whether the size of bone fragments affect the 
reposition of bone fragments. In this research 
we took the size of bone fragments into study 
to determine the correlations between reposi-
tion of bone fragments and those influence  
factors. The results indicated that HBF, WBF, 
RHBF and RWBF were related to the reposition 
of bone fragments. Especially the RHBF and 
RWBF were closely correlated with the reposi-
tion of bone fragments.

AO classification is always used to assess the 
severity of thoracolumbar burst fractures. And 
ASIA grading is used to estimate the severity of 
nerve injury. They are important evaluating 
parameters for thoracolumbar burst fractures 
before treatment. But it was not clear whether 
they were related to evaluate the reposition of 
bone fragments thoracolumbar burst fractures 
before the treatment. We took AO classification 
and ASIA grading into account. The results sug-
gest that AO classification was positive correla-
tion with reposition of bone fragments, while 
ASIA grading was negative correlation. Patients 
with severe bony destruction might be expect-
ed to have higher degree AO classification and 
poor ASIA grading due to the greater crush of 
vertebral body. Meanwhile the bone fragments 
are difficult to be repositioned. Conversely, 
patients with subtle bony destruction have 

Table 3. Summary of measurements about size of bone frag-
ments

Reposition Non-reposition
P

Mean SD Mean SD
Height of bone fragments (mm) 10.77 3.18 13.96 2.58 0.001
Width of bone fragments (mm) 14.63 2.88 18.58 4.77 0.002
RHBF (%) 0.376 0.115 0.478 0.118 0.007
RWBF (%) 0.528 0.157 0.756 0.198 0.000
RHBF: ratio of height of bone fragment; RWBF: ratio of width of bone fragment.

Table 4. Correlation between reposition of 
bone fragments and parameters of size of 
bone fragments, and AO classification

r P
HBF 0.326 0.010
WBF 0.305 0.016
RHBF 0.361 0.004
RWBF 0.429 0.000
AO Classification 0.569 0.000
HBF: height of bone fragment; WBF: width of bone frag-
ment; RHBF: ratio of height of bone fragment occupying 
height of posterior wall of vertebrae body; RWBF: ratio 
of width of bone fragment occupying width of transverse 
canal diameter.

are associated with reposition of 
bone fragments. 

Reposition of bone fragments 
has been established to be as- 
sociated with ligamentotaxis by 
intact posterior longitudinal liga-
ment. Ligamentotaxis can reduce 
only those retropulsed fragments 
which are still attached to liga-
mentous structures [26]. Curren- 
tly, MRI is considered as the “gold 
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lighter degree AO classification and better ASIA 
grading, the bone fragments are easy to be 
repositioned. In addition, AO classification and 
ASIA grading showed higher correlation coeffi-
cient than HBF, WBF, RHBF and RWBF. It indi-
cated that AO classification and ASIA grading 
were more important parameters compared 
with the size of bone fragments for assessing 
the reposition of bone fragments before the 
treatment of thoracolumbar burst fractures.

Strengths of this study include analyzing multi-
ple parameters that are correlation to the repo-
sition of bone fragments and revealing the 
most important referential parameters. At the 
same time this study reminds surgeon pay 
attention on parameters about assessing repo-
sition of bone fragments before operation. 
Limitations of this study include that sample is 
small.

Conclusion

These results demonstrate that AO classifica-
tion, ASIA grading, HBF, WBF, RHBF and RWBF 
are correlations to reposition of bone frag-
ments in the thoracolumbar burst fracture. But 
the AO classification and ASIA grading are 
apparently more important than others. It is 
necessary to pay attention to the AO classifica-
tion and ASIA grading before surgery. Certainly 
surgeons should consider direct assessment 
of reposition of bone fragment at the intra-
operation. However, limitations of this study 
are its single-center retrospective nature and 
the small number of samples. A long-term fol-
low-up of a prospective cohort is needed in the 
future to confirm the present results.

Acknowledgements

Thanks for all authors.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zhenqi Ding, 
Orthopedic Trauma Center of PLA/Department of 
Orthopedic Surgery, The Dongnan Affiliated Hospital 
of Xiamen University, Zhangzhou 363000, China. 
Tel: +86(0596)2960627; Fax: +86(0596)2960627; 
E-mail: dingzhenqi125@sina.com

References

[1] Wilcox RK, Boerger TO, Allen DJ, Barton DC, 
Limb D, Dickson RA and Hall RM. A dynamic 

study of thoracolumbar burst fractures. J Bone 
Joint Surg Am 2003; 85: 2184-2189.

[2] Wood K, Buttermann G, Mehbod A, Garvey T, 
Jhanjee R and Sechriest V. Operative com-
pared with non-operative treatment of a thora-
columbar burst fracture without neurological 
deficit. A prospective, randomized study. J 
Bone Joint Surg Am 2003; 85: 773-781.

[3] Dai LY, Jiang SD, Wang XY and Jiang LS. A re-
view of the management of thoracolumbar 
burst fractures. Surg Neurol 2007; 67: 221-
231.

[4] Qiu TX, Tan KW, Lee VS and Teo EC. Investiga- 
tion of thoracolumbar T12-L1 burst fracture 
mechanism using finite element method. Med 
Eng Phys 2006; 28: 656-664.

[5] Cho DY, Lee WY and Sheu PC. Treatment of 
thoracolumbar burst fractures with polymethyl 
methacrylate vertebroplasty and short-seg-
ment pedicle screw fixation. Neurosurgery 
2003; 53: 1354-1601.

[6] Willen J, Lindahl S and Nordwall A. Unstable 
thoracolumbar fractures. A comparative clini-
cal study of conservative treatment and Har- 
rington instrumentation. Spine 1985; 10: 111-
122.

[7] Tator CH. Review of experimental spinal cord 
injury with emphasis on the local and systemic 
circulatory effects. Neurochirurgie 1991; 37: 
291-302.

[8] Stripling TE. The cost of economic consequen- 
ces of traumatic spinal cord injury. Paraplegia 
News 1990; 50-54.

[9] Agrawal SK and Fehlings MG. Mechanisms of 
secondary injury to spinal cord axons in vitro: 
role of Na+, Na(+)-K(+)-ATPase, the Na(+)-H+ 
exchanger, and the Na(+)-Ca++ exchanger. J 
Neurosci 1996; 16: 545-552.

[10] Young W and Koreh I. Potassium and calcium 
changes in injured spinal cords. Brain Res 
1986; 365: 42-53.

[11] Osterholm JL and Mathews GJ. Altered norepi-
nephrine metabolism following experimental 
spinal cord injury. Part 1: Relationship to hem-
orrhagic necrosis and post-wounding neuro-
logical deficits. J Neurosurg 1972; 36: 386-
394.

[12] Agrawal SK and Fehlings MG. Role of NMDA 
and non-NMDA ionotopic glutamate receptors 
in traumatic spinal cord axonal injury. J Neu- 
rosci 1997; 17: 1055-1063.

[13] Faden AI and Simon RP. A potential role for ex-
citotoxins in the pathophysiology of spinal cord 
injury. Ann Neurol 1988; 23: 623-626.

[14] Demopoulos HB, Flamm ES, Pietronigro DD 
and Seligman ML. The free radical pathology 
and the microcirculation in the major central 
nervous system disorders. Acta Physiol Scand 
(Suppl) 1980; 492: 91-119. 

[15] Hall ED, Yonkers PA, Horan KL and Braughler 
JM. Correlation between attenuation of post-

mailto:dingzhenqi125@sina.com


Correlations between repositioning of bone fragment in thoracolumbar burst fractures

11894 Int J Clin Exp Med 2016;9(6):11889-11894

traumatic spinal cord ischemia and preserva-
tion of tissue vitamin E by the 21-aminosteroid 
U74006F: evidence for an in vivo antioxidant 
mechanism. J Neurotrauma 1989; 6: 169-176. 

[16] Hung TK, Albin MS, Brown TD, Bunegin L, Albin 
R and Jannetta PJ. Biomechanical responses 
to open experimental spinal cord injury. Surg 
Neurol 1975; 4: 271-276.

[17] Faden AI, Jacobs TP and Holaday JW. Com- 
parison of early and late naloxone treatment in 
experimental spinal injury. Neurology 1982; 
32: 677-681.

[18] Faden AI, Jacobs TP and Smith MT. Evaluation 
of the calcium channel antagonist nimodipine 
in experimental spinal cord ischemia. J Neu- 
rosurg 1984; 60: 796-799. 

[19] Wagner FC and Stewart WB. Effect of trauma 
dose on spinal cord edema. J Neurosurg 1981; 
54: 802-806. 

[20] Anderson DK, Means ED and Waters TR. Spi- 
nal cord energy metabolism in normal and 
postlaminectomy cats. J Neurosurg 1980; 52: 
387-391. 

[21] Haas N, Blauth M and Tscherne H. Anterior 
plating in thoracolumbar spine injuries. In- 
dication, technique, and results. Spine 1991; 
16 Suppl: 100-11.

[22] P Oprel P, Tuinebreijer WE, Patka P and den 
Hartog D. Combined anterior-posterior surgery 
versus posterior surgery for thoracolumbar 
burst fractures: a systematic review of the lit-
erature. Open Orthop J 2010; 4: 93-100. 

[23] Esses SI, Botsford DJ and Kostuik JP. Evaluation 
of surgical treatment for burst fractures. Spine 
1990; 15: 667-73.

[24] Weyns F, Rommens PM, Van Calenbergh F, 
Goffin J, Broos P and Plets C. Neurological out-
come after surgery for thoracolumbar frac-
tures. A retrospective study of 93 consecutive 
cases, treated with dorsal instrumentation. 
Eur Spine J 1994; 3: 276-281.

[25] Stancic MF, Gregorovic E, Nozica E and Penezic 
L. Anterior decompression and fixation versus 
posterior reposition and semi-rigid fixation in 
the treatment of unstable burst thoracolumbar 
fracture: prospective clinical trial. Croat Med J 
2001; 42: 49-53.

[26] Vidal J, Buscayret C and Connes H. Treatment 
of articular fractures by ‘Ligamentotaxis’ with 
external fixation. In: Brooker AS, Edwards CC, 
editors. External fixation. Baltimore: Williams 
and Wilkins; 1979; pp. 75-81.

[27] Mueller LA, Mueller LP, Schmidt R, Forst R and 
Rudig L. The phenomenon and efficiency of 
ligamentotaxis after dorsal stabilization of  
thoracolumbar burst fractures. Arch Orthop 
Trauma Surg 2006; 126: 364-368.

[28] Hashimoto T, Kaneda K and Abumi K. Re- 
lationship between traumatic spinal canal ste-
nosis and neurologic deficits in thoracolumbar 
burst fractures. Spine 1988; 13: 1268-1272.

[29] Willen J, Anderson J, Toomoka K and Singer K. 
The natural history of burst fractures at the 
thoracolumbar junction. J Spinal Disord 1990; 
3: 39-46.

[30] Maynard FM, Bracken MB, Creasey G, Ditunno 
JF Jr, Donovan WH, Ducker TB, Garber SL, 
Marino RJ, Stover SL, Tator CH, Waters RL, 
Wilberger JE and Young W. International stan-
dards for neurological and functional classifi-
cation of spinal cord injury. Spinal Cord 1997; 
35: 266-274.

[31] Shi J and Yang H. Comparison of radiography 
and computed tomography in evaluating pos-
terior indirect reduction of spinal canal bone 
fragment. Orthopedics 2010; 33. 

[32] Nicolas Grenier, Jean-Francois Greselle, Vital 
JM, Kien P, Baulny D, Broussin J, Senegas J 
and Caille JM. Normal and Disrupted Lumbar 
Longitudinal Ligaments: Correlative MR and 
Anatomic Study. Radiology 1989; 171: 197-
205.


