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ABSTRACT
Introduction: Nonosteoporotic burst vertebral fracture could commonly be treated with conservative or surgical approach. Currently, 
decision‑making process is based on thoracolumbar (TL) AO spine severity injury score. However, some factors could affect posttraumatic 
kyphosis (PTK) and could be taken into account. The aim of the present study is to identify if axial and sagittal fracture shape and initial kyphosis 
are the risk factors for PTK.

Materials and Methods: All consecutive patients treated between 2016 and 2017 for TL vertebral fracture with conservative treatment were 
retrospectively evaluated in the study. Only type A3 and A4 vertebral fractures were included in the study. Patients suffering from osteoporosis 
or other metabolic bone disease, aged above 60 years old were excluded from the study. Initial and 6 months X‑ray from injury were analyze to 
evaluate local kyphosis and region of injury while initial assessment was performed with computed tomography to better identify fracture type 
and in some cases magnetic resonance imaging to exclude posterior ligament complex injury. Axial and sagittal view of the vertebral plate was 
analyzed and classified in three shapes according to fragment comminution and dislocation. Statistical analysis was performed trough STATA13 
software. Student’s t‑test was used to evaluate the differences between initial and follow up kyphosis; odds ratio (OR) was used to evaluate 
the role of initial kyphosis, vertebral sagittal and axial fracture shape 
as a risk factor for PTK. Kruskal–Wallis test was used to assess the 
differences among vertebral shape fractures and final kyphosis. 
Fisher’s exact test was used to assess the differences between 
fracture patterns and final kyphosis.

Results: An initial kyphosis >10° ° (OR 36.75 P = 0.015), shape 
c vertebral plate (OR 147 P = 0.0015), and sagittal shape 3 (OR 
32.25 P = 0.0025) are strongly related with PTK. Kruskal–Wallis test 
revealed a statistically significant difference among axial fracture 
shape (P < 0.0001) and sagittal fracture shape (P = 0.004) and also 
for initial kyphosis >10° (P < 0.0001). Fisher’s exact test showed a 
significant difference for final kyphosis among pattern c3 and other 
patterns of fracture (P = 0.0001).

Conclusions: A burst type lumbar vertebral fracture affecting 
a patient with initial local kyphosis >10° and comminution and 
displacement of vertebral plate and vertebral body is at high risk to 
develop a local kyphosis >20° in the follow‑up if treated conservatively.
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INTRODUCTION

Traumatic burst fractures are very common in orthopedic 
practice counting about 15% of all thoracolumbar (TL) vertebral 
fractures.[1] TL spine is the most affected region due to its 
anatomical features. Currently, incomplete and complete 
burst fractures, classified as type A3 and A4,[2] are both treated 
with surgical or conservative treatment in the absence of 
neurological symptoms and injury of posterior ligament 
complex (PLC) according to TL Arbeitsgemeinschaft für 
Osteosynthesefragen (AO) spine injury severity score (AOSIS).[3,4]

However, AO classification did not take in consideration 
several factors which could be related to not satisfying results, 
despite the purpose to improve previous thoracolumbar 
injury classification and severity (TLICS) and Magerl 
classifications.[5,6] Some other factors proper of the patients, 
such as age and body mass index (BMI), or of the fracture as 
level of injury and local fracture kyphosis are assumed to be 
potentially connected to higher operative risks and end of 
treatment outcomes.[7,8]

The aim of the present study is to identify if initial local 
kyphosis, sagittal vertebral shape, and vertebral plate shape 
are the potential risk factors for posttraumatic kyphosis (PTK) 
at the end of conservative treatment.

MATERIALS AND METHODS

All consecutive patients treated by our institution between 
2016 and 2017 for TL vertebral fracture with conservative 
treatment were retrospectively evaluated, while data were 
collected prospectively during each outpatient evaluation. 
Only type A3 (incomplete burst) and A4 (complete burst) 
vertebral fractures were included in the study. Patients 
suffering from osteoporosis or other metabolic bone disease, 
aged above 65 years old were excluded from the study. 
Gender, age, location of fracture, and BMI were recorded.

Patients wore a thoraco‑lumbo‑sacral‑orthosis (TLSO) for 
3 months when in standing position, with restriction of bed 
rest for the first 10 days as part of conservative treatment.

Radiological assessment
All patients underwent an initial X‑ray in the standing position 
at time of trauma and after that at 1, 2, 3, and 6 months from 
trauma. Time of trauma and 6 months of follow‑up standing 
X‑ray were considered for the study. Initial assessment also 
included computed tomography (CT) scans to better identify 
fracture type; in case of high‑energy trauma, magnetic 
resonance imaging was performed to exclude PLC injury. 
Axial CT view of the vertebral plate was analyzed to obtain 

a qualitative measure of vertebral plate fragmentation. Major 
types where classified in three shapes (a, b, and c) according 
to fragment comminution and dislocation similar to Mc 
Cormack load‑sharing classification:[9]

•	 Shape a: Marginal fragments with solid central 
core [Figure 1a]

•	 Shape b: Big fragments involving vertebral plate [Figure 1b]
•	 Shape  c :  Comminut ion  o f  f r agments  w i th 

displacement [Figure 1c].

If fracture involved both plates, the plate with the higher 
fragmentation and displacement was considered for the 
classification.

From CT sagittal view, vertebral body fractures were 
classified in three shapes (1, 2, and 3), according to fragment 
comminution:
•	 Shape 1: Fragmentation involving about 1/3 of vertebral 

body [Figure 2a]
•	 Shape 2: Fragmentation involving about 2/3 of vertebral 

body [Figure 2b]
•	 Shape 3: Fragmentation involving the entire vertebral 

body [Figure 2c].

Initial and 6 months X‑ray from injury were analyzed to 
evaluate the region of injury and local kyphosis measured 
with Cobb angle. A local kyphosis ≥20°, despite not sufficient 
to describe a PTK, was considered a bad outcome.

Statistical analysis
Statistical analysis was performed trough STATA13 software. 
Quantitative data were reported as mean ± standard 
deviation. Student’s t‑test was used to evaluate the 
differences between injury time kyphosis and follow‑up 
kyphosis, whereas odds ratio (OR) was used to evaluate the 
role of initial kyphosis >10°, vertebral plate and sagittal 
fracture shape and sagittal fracture shape as a risk factor for 
PTK. Kruskal–Wallis test was used to evaluate the difference 
among vertebral shapes and final kyphosis. Fisher’s exact 
test was used to assess the difference between each pattern 
of fracture and kyphosis. P < 0.05 was set as statistically 
significant.

RESULTS

Fifty‑eight patients were included in the study. Demographic 
characteristics, fractures distribution, and cause of injury 
are reported in Table 1. Twenty‑six patients had a TL 
AOSIS of 3, 30 a score of 5, 2 patients a score of 6. Mean 
preoperative local kyphosis was 10.5° ±3.1°. Student’s t‑test 
showed a significant difference for vertebral kyphosis was 
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found (P = 0.0002) between time of injury and 6 months 
after treatment.

A pretreatment kyphosis >10° was found 15/58 patients (28.9%), 
whereas a posttreatment kyphosis >20° was found in 
7/58 patients (12.1%). An initial kyphosis >10° had an 
OR = 36.75 (P = 0.0015), axial vertebral shape had an 
OR = 0.08 (P = 0.083), shape b had an OR = 0.22 (P = 0.175), 
and shape c had an OR = 147 (P = 0.0001) of correlation with 
a posttreatment kyphosis >20°. A sagittal vertebral shape 1 

had an OR = 0.1 (P = 0.126), a sagittal vertebral shape 2 had 
an OR = 0.2 (P = 0.153), and a sagittal vertebral shape 3 
had an OR = 32.25 (P = 0.0025). Kruskal–Wallis test found 
a statistically significant difference among axial vertebral 
shape a, b, and c for a final kyphosis >20° (P < 0.00001) and 
among sagittal vertebral shape 1, 2, and 3 (P = 0.0004) for a 
final kyphosis >20°. Kruskal–Wallis test found a statistically 
significant difference among axial vertebral shape a, b, and 
c for a final kyphosis >20° (P < 0.00001) and among sagittal 
vertebral shape 1, 2, and 3 (P = 0.0004) for a final kyphosis 
>20° [Figure 3].

A significant difference at Fisher’s exact test was found 
between all types of fracture and type C3 pattern (P = 0.0001) 
for end of treatment kyphosis, while the same was not 
found for all other of fracture’s patterns (A1 P = 0.083, A2 
P = 0.577, A3 P = 1, B1 P = 1, B2 P = 0.173, B3 P = 1, C1 
P = 1, C2 P = 0.121).

Anatomical fracture distribution and rate of kyphosis >20° 
are reported in Table 2.

DISCUSSION

According to TL AOSIS score,[3] a wide spectrum of treatments 
is proposed, ranging from conservative to surgical.

The aim of our research is to investigate if the factors 
analyzed in the results above are connected with PTK and 

Figure 1: Drawing of different axial shape of vertebral plate fracture: (a) Marginal fragment involving vertebral plate; (b) Fracture of vertebral plate without 
major fragmentation and displacement; (c) Comminution of fragments with displacement

cba

Figure 2: Drawing of different sagittal shape of the vertebral body: (a) Minor involvement, less than 1/3 of vertebral body; (b) Involvement of 2/3 of vertebral 
body; (c) Involvement of entire vertebral body

cba

Figure  3:  Distribution  of  different  types  of  fracture  shape  and 
final  kyphosis:  (a)  Distribution  of  fracture  according  to  sagittal 
shape 1, 2, and 3; (b) Distribution of fracture according to vertebral plate 
shape a, b, and c; (c) Distribution of each pattern of fracture according to 
sagittal and axial shape a1, a2, a3, b1, b2, b3, c1, c2, and c3

c

ba
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if we could predict this risk before the end of treatment. 
In this way, it is possible to decide if a burst‑like fracture 

without neurological involvement, which could be treated 
conservatively, is more likely to develop a PTK. Since a 
PTK is always very challenging for spine surgeon, the 
possibility to know precociously how an unstable fracture 
could evolve at the end of conservative treatment is very 
important.

Despite the use of TLSO is not recommended by any 
international guideline to prevent subsequent vertebral 
collapse,[10] in our country their use is very extensive 
especially for pain control in the standing position. A possible 
alternative treatment is the use of cast on traction bed to 
reduce and contain TL vertebral fracture; however, a great 
dislocation of the posterior wall is a contraindication.[11] On 
the other hand, surgical stabilization of unstable burst fracture 
with or without poly methyl methacrylate augmentation 
could be a valuable choice and suitable to different age of 
patients according to bone mineral density.[12‑16]

The chance to undertake a conservative treatment in 
complete and incomplete burst fracture is very important to 
preserve a good range of motion. After posterior stabilization 
even without fusion, the mobility of the spine diminishes. 
Chou et al. reported comparable clinical and radiological 
outcomes if implant is retained or removed, and segment 
range of motion did not increase after removal of the 
implant.[17]

It is important to note that severity scores recommending 
a conservative treatment (i.e., TLICS or TL AOSIS <3) 
did not rule out for correction loss.[18] As author states, 
some factors involving vertebral plates comminution, 
involvement of both endplate or entire body and amount 
of kyphotic deformity could interfere with bone healing 
process and increase the amount of kyphotic deformity at 
the end of treatment.

Several authors already highlighted the inadequacy of both 
TLICS and TL AOSIS score[19,20] because of the lack of factors 
cited above, but at the same time, it must be noted that they 
are useful and widely used in the clinical practice. Moreover, 
the authors also empathized that patients with comminute 

Table 2: Fracture distribution of patients recruited in the study

Vertebra Rate on total 
number of fracture

Mean kyphosis at 
injury time (VKA)

Mean kyphosis at 
follow‑up (VKA)

Rate of final 
kyphosis (VKA) > 20°

L1 11/58 7.92±4.85 11.83±6.42 2/7
L2 13/58 8.15±5.90 12.38±9.27 2/7
L3 12/58 6.92±4.54 11.08±5.88 1/7
L4 10/58 6.8±4.76 9.9±5.59 1/7
L5 11/58 8.91±2.66 13.73±5.41 1/7
We report fracture location, VKA mean±SD at injury time and follow-up and distribution of final VKA>20° at follow up. VKA - Vertebral Kyphotic angle; SD - Standard deviation

Table 1: Main demographic characteristics of patients involved 
in the study, body mass index, affected vertebrae distribution, 
cause of injury, and AO type classification

Demographic charteristics Results
Patients 58
Gender

Male 27
Female 31 

Mean age (years) 43.8±4.6
BMI (kg/m2) 26.3±2.1
Location of injury

L1 12
L2 13
L3 12
L4 10
L5 15

Cause of injury
Car or motor accident 22/58
Fall from height 9/58
Pedestrian hit 2/58
Sports trauma (i.e., downhill, cycling, etc.,) 21/58
Others 4/58
AO type

26 type AO A3 (%)
12 a1 46.16
4 a2 15.38
0 a3 0
0 b1 0
7 b2 26.92
3 b3 11.54
0 c1 0
0 c2 0
0 c3 0

32 type AO A4 (%)
7 a1 21.87
4 a2 12.5
0 a3 0
1 b1 3.13
8 b2 25
4 b3 12.5
0 c1 0
1 c2 3.13
7 c3 21.87

BMI - Body mass index
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burst fractures deserve special attention, even if initially 
classified as nonoperative. In such cases, a close follow‑up 
is recommended due to the high likelihood of long‑term 
kyphotic deformity.

In this background, our research showed some interesting 
point of view. In fact, a patient with a complete or incomplete 
burst, with fragmentation of one or both vertebral plate, 
fragmentation and comminution of vertebral body and with 
an initial kyphosis >10° should be considered for surgical 
treatment since the patients have a high risk of subsequent 
kyphosis.

Our results showed that pattern of fracture with high 
fragmentation on axial and sagittal plane are more likely to 
develop a kyphosis at the end of treatment >20°. For that 
reason, a pattern c3 should always considered unstable and 
worthy of surgical treatment.

We described several cumulative patterns of injury, as for 
the McCormack classification; however, we did not retrieve 
any type a3 and c1 patterns in our analysis. This could be 
explained by the low number of patients involved in the 
study but also to the energy of trauma.[21] It seems that a 
high fragmentation of the vertebral plate could be related 
with high fragmentation of vertebral body, whereas patterns 
with extreme mixed type (lowest fragmentation–highest 
fragmentation) seem to be incompatible or at least rare.

Taking in consideration the anatomy of lumbar spine, lower 
segments are more likely to develop less kyphotic deformity 
despite fragmentation of vertebral plates and body; while 
upper spine seems to develop higher grade of kyphosis with 
less fragmented patterns. These results are related with the 
different biomechanics of the lumbar spine since the upper 
segments (L1 and L2) are part of TL junction, which is a 
particular spine segment where lumbar lordosis transform 
into thoracic kyphosis with different biomechanical load on 
vertebral body[22] [Table 2].

Some limitation to this study must be acknowledged. Some of 
them are intrinsic to study design, such as the retrospective 
nature of this study and the lack of a control group. Another 
major limitation is the lack of clinical score to evaluate pain 
and functional outcomes and the short follow‑up period; 
however, it was not the aim of this study the evaluation of 
clinical score of conservatively treated fractures. Moreover, a 
standard angular cutoff to determine what is a “PTK” is still 
not defined. According to the survey of Schoenfeld et al., the 
universal definition of PTK is “a painful kyphotic angulation of 
the injured spine,” and about 50% of spine surgeons involved 

used a specific angular measurement, although the amount of 
this measure varied from 5° to 30°.[23] To avoid this problem, we 
decided to set the limit of tolerance for local kyphosis over 20°, 
which could be a reasonable bad radiological outcome.

We believe that also coronal angulation must be evaluated 
as the potential risk factor of conservative treatment 
failure. According to Deutsche Gesellschaft für Orthopädie 
und Unfallchirurgie (DGOU) recommendations,[24] a coronal 
angulation of more than 10° could alter spine biomechanics 
and should act as modifier for surgery choice; however, 
coronal alignment was not investigated in this study.

Moreover, despite our results are very interesting, it must 
be noted that power analysis was not performed due to the 
low number of cases involve in the analysis.

CONCLUSIONS

Not all burst and incomplete burst fractures of the lumbar 
spine are the same; some of them are more likely to be 
unstable and became a PTK. A vertebral fracture with initial 
local kyphosis >10° and comminution and displacement of 
vertebral plate and vertebral body is at high risk to develop a 
local kyphosis >20° in the follow‑up if treated conservatively.
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