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Objective: This paper aims to differentially depict potential patterns of the loss of correction in surgically treated thoraco-lumbar burst frac-

tures. These may eventually serve to foreseeing and even forestalling loss of correction. 

Methods: The study focused on 253 patients with surgically treated thoraco-lumbar fractures. This cohort of patients was clustered in four 

subgroups according to the fracture spine segment (T11–L1 or L1–L2) and surgery type (short segment fi xation or anterior approach). Rel-

evant recorded and processed data were the fracture level, post-operative (Kpo) and last follow-up (Kf) kyphosis angle values. Correlation, 

regression and determination testing were performed for the last follow-up kyphosis angle and post-operative kyphosis angle, and regression 

equations were determined for each subgroup of patients. 

Results: The patterns of loss of correction were described through the following equations: Kf = 0.95*Kpo + 3.2° for the T11–L1 level fractured 

vertebrae treated by posterior short segment fi xation; Kf = 0.98*Kpo + 3.4° for the L1–L2 level fractured vertebrae treated by posterior short 

segment fi xation; Kf = 1.1*Kpo + 1.6° for the T11–L1 level fractured vertebrae treated by anterior approach; and Kf = 0.7*Kpo + 2.8° for the 

L1–L2 level fracture vertebrae treated by anterior approach. 

Conclusions: The loss of correction may be predicted, to a certain extent, for thoraco-lumbar fractured vertebrae treated surgically. The best-

fi t equations depicted for both type of surgery (short segment fi xation and anterior approach) and both spinal segments (T11–L1 and L2–L3) 

are signifi cantly different than the equations delineated for the collapse of non-surgically treated fractures.
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Introduction
Th e thoracolumbar burst fracture in neurologically intact 
patients may be treated either conservatively or surgically. 
It is generally agreed that stable fractures should be or-
thopedically attended, while the unstable ones should be 
treated by surgery. Th ere is, however, much debate on the 
proper defi nition and classifi cation of fracture stability [1, 
2] and the proper treatment for burst fracture according to 
the specifi c stability level [3].

Surgically treated thoracolumbar burst fracture is often 
followed by signifi cant loss of correction which impairs the 
daily activities performance, induces pain and may even re-
quire another operative correction. As a result of the fracture, 
the vertebral body experiences a certain degree of vertebral 
wedging, causing some angulation of the spinal segment. 
Th e surgical procedure aims at restoring the normal spinal 
angulation through recovering the height of the vertebral 
body and its fi xation for the fracture healing. Th e conserva-
tive treatment, on the other hand, is intended to only ensure 
the proper healing conditions. Orthopedic maneuvers for 
fracture reduction are also occasionally performed. 

Regardless of the treatment type applied, it has been no-
ticed that the local kyphosis angle tends to get narrower 
[3–6]. Sometimes the angulation gets so signifi cant that it 

brings forth important sagittal plane imbalance, together 
with pain, and sometimes even neurological defi cit [7]. 
Th is complication is called post-traumatic kyphosis, that 
is surgically treated in order to restore spinal balance. Th is 
intervention is much more complex than the initial frac-
ture treatment, displaying higher morbidity rates than the 
case of eff ective early surgical treatment. Vaccaro et al. [8] 
include the ineff ective treatment of the fracture among the 
main causes of the post-traumatic kyphosis. Th is may im-
ply that, for some reason, the deformation potential of the 
fracture hadn’t been fully estimated at the beginning. 

In their work, Fahad K. Al-Khalifa et al. [9] determined 
specifi c best-fi t regression equations for the collapse pattern 
in the case of conservatively treated burst fractures, correlat-
ing the initial and post-treatment kyphosis angles. Th us, they 
depicted the equation Kf = Ki + 0.5Ki for burst fracture at 
T11–L1 level and the equation Kf = Ki +4 for the burst frac-
ture at L2–L3 level (where Ki is the kyphosis angle measured 
at the time of admission and Kf is the kyphosis angle at the 
last follow up, which was at least one year from the trauma).

Hereafter, this research paper aims to study if the same 
formulae may apply to the loss of correction that appears 
after a surgically treated thoracolumbar burst fracture.

Methods
Th e relevant literature was selected through a systematic 
review of the research papers published between 2000 and 
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2012, and available in the databases Sciencedirect, Ovid 
and PubMed, using “burst fracture” as search parameter. 
Th e inclusion criteria were the following:

• to involve thoracal and/or lumbar fractures;
• all cases to be only traumatic spine fractures, not re-

lated to osteoporosis or any other pathology;
• the last follow-up exceeds one year; 
• detailed and specifi c information regarding all impor-

tant data on each patient: demographic data (sex and 
age), injury data (spine level, post-traumatic kyphosis 
angle), treatment (type of the surgery) and follow-up 
data (time, fi nal kyphosis angle).

Th e 10 articles – out of 33 – that met the criteria and 
were included in the fi nal database, discuss the most fre-
quently employed surgical treatment methods for the tho-
racal and lumbar fractures: posterior short segment fi xa-
tion [10–15], on one hand, and anterior approach only, as 
well as posterior-anterior approach [16–19], on the other. 

Of all cases presented, we considered only the patients 
that satisfi ed the following minimal requirements: 

• only one level was aff ected;
• the aff ected vertebra was mentioned;
• the pre-operative, post-surgical and last follow-up ky-

phosis angles were given.
Th e lot was clustered after the type of surgical interven-

tion type – posterior short segment fi xation or anterior/
anterior-posterior approach. Each group was further frac-
tioned in two subgroups, according to the aff ected spinal 
level: the subgroup of the thoraco-lumbar junction frac-
tures (T11–L1) and the subgroup of the L2–L3 level frac-
tures. We left out another potential subgroup of L4–L5 
level fractures, due to insuffi  cient data available.

Th e extracted and recorded data consists of post-operative 
(Kpo) and last follow-up (Kf) kyphosis angles for each en-
tity. Th is information was then statistically analysed through 
correlation, linear regression and determination between 
the two variables (Kpo and Kf) and a best-fi t equation was 
delineated within each subgroup of surgical approach. Th e 
statistical software employed was GraphPad Instat.

Results
Th e selected papers provided information for 253 patients 
with surgically treated thoraco-lumbar fractures, out of 
which 177 were treated with posterior short segment fi xa-
tion and 76 by anterior approach. 

Th e subgroup with thoraco-lumbar junction fractures 
(T11–L1) of the posterior short segment fi xation group 
comprised 96 patients. We determined the correspond-
ing best fi t correlation equation as being Kf = 0.95*Kpo + 
3.2°, where Kf is the last follow-up measured kyphosis angle 
and Kpo is the post-operative kyphosis angle. Also, for this 
subgroup we recorded good values of statistical signifi cance 
(p = 0.0001, r = 0.84 and r2 = 0.72) (Figure 1a). For the 
subgroup with L2–L3 level fractures of the posterior short 
segment fi xation group, consisting of 75 patients, the deter-
mined correlation equation was Kf = 0.98*Kpo + 3.4° (p = 

0.0001, r = 0.92 and r2 = 0.85) (Figure 1b). Only 6 patients 
presented L4–L5 level fractures and this subgroup was elimi-
nated from the study as non-relevant, given its small size.

Fifty-four patients with fractures at T11–L1 level were 
treated by anterior approach. After statistically processing 
data, the emergent equation was Kf = 1.1*Kpo + 1.6°; p = 
0.0001, r = 0.9 and r2 = 0.81 (Figure 1c). For the subgroup 
of 21 patients with L2–L3 level fractures that were treated 
with anterior approach type surgery, the resulting best fi t 
correlation equation is Kf = 0.7*Kpo + 2.8° (p = 0.0001, r = 
0.86 and r2 = 0.78) (Figure 1d). One patient presented a 
L4 level fracture and associated data was removed from the 
study, as non-relevant.

Discussion
Earlier research papers have determined that anatomically 
distinct spinal segments denote diff erent specifi c biome-
chanical behaviors and have identifi ed diff erent collapse 
patterns of the vertebral body for conservatively treated 
burst fractures in various spine areas [9].

Given the anatomic specifi c characteristics of the spine, 
with physiological curvatures, the compressive forces diff er 
from one vertebra to another. Th e length of the force arm 
depends on the particular position of the vertebral body 
center against the plumbline, and on the human body’s 
center of mass. Th e farther the vertebral body center from 
the plumbline, the longer the force arm is and, consequent-
ly, the higher compression load on the vertebral body. Th ere-
fore, we may infer that the magnitude of the forces would 
be higher in kyphotic segments and lower in lordotic spine.

At the same time, each vertebral body sustains the seg-
ment of the human body above it. Th erefore, the axial force 
increases as the level of the vertebra is lower positioned.

Moreover, Panjabi [20] argue that, in case of a fractured 
and angled vertebra, the force arm increases proportionally 
with the wedge angle. 

As we have mentioned before, Fahad K. Al-Khalifa et al. 
[9] found that the collapse of a fractured vertebra treated 
non-surgically may be to a certain extent predicted, apply-
ing the equation Kf = Ki + 0.5*Ki for a T11–L1 level frac-

Fig. 1. Regression lines for each subgroup of patients 

Anghel S et al. / Acta Medica Marisiensis 2014;60(3):99-101



101

tured vertebra, and Kf = Ki + 4° for a L2–L3 level fractured 
vertebra. For example, given a fracture displaying an initial 
kyphotic angle of 20° — which is considered by some au-
thors as surgery treatment indication [21, 22], for a T11–L1 
segment position, according to the equation, the kyphotic 
angle would increase up to 30°. Th is would require, as well, 
surgical intervention for post-traumatic kyphosis treatment 
[8]. On the other hand, if the injured vertebra were situated 
in L2–L3 segment, the fi nal angle would be of 24°. 

In our study, as a specifi c contribution of this paper, we 
have also identifi ed equations for the loss of correction for 
each subgroup of surgically treated fractured vertebrae. 
Th ese formulae are considerably diff erent from those asso-
ciated with non-surgically treated fractured vertebrae, cited 
above [9]. At the same time, it is apparent that the varia-
tion between the diff erent spinal segments for the same 
surgery type is smaller. Th is may suggest that, the surgical 
treatment itself reduces the variation between the impact 
of the diff erent forces stressing the two segments, which is 
signifi cant in case of non-surgically treated fractures. 

For a surgically treated fractured vertebra, the fi nal ky-
phosis angle is determined by the post-operative kyphosis 
angle and a constant specifi c to each vertebral segment, 
which, however, does not diff er widely between segments for 
the same operation type. All subgroups present a very strong 
correlation between the degree of loss of correction and the 
post-operative kyphosis angle, which has been expected.

Th e postoperative correction level is largely dependent on 
the human factor. However, given that the fi nal kyphosis 
angle is also determined by a constant, an over-correction of 
the fracture by the size of the constant might lead to a fi nal 
kyphosis angle closer to the normal physiological values.

At the same time, it is worth noting that, for the group of 
patients that were treated by short segment fi xation, there 
is considerable diff erence between R-square coeffi  cients re-
lated to the two spinal segments. Th is implicates that the 
probability for a particular case fracture treated by short 
segment fi xation not to fi t in the correspondent equation 
is higher for T11–L1 level fractured vertebrae than L2–
L3 level. In other words, there is a 28% probability for a 
fracture at T11–L2 level (the highest probability among all 
subgroups) to develop a greater loss of correction than pre-
dicted by correspondent equation. Th is segment has been 
considered more vulnerable to post-traumatic kyphosis by 
other authors as well [7].

Th e main limitation of our research lays in the lack of 
information regarding the weight of the patients, which 
may represent a relevant independent variable. 

Conclusions
To a certain extent, the loss of correction may be predicted 
for thoraco-lumbar fractured vertebrae treated surgically. 
Generally speaking, there are about 80% chances that the 
outlined equations predict the development of the loss of 
correction, except for the fractures positioned in T11–L1 
segment, treated by short segment fi xation. 

 Th e best-fi t equations depicted for both type of surgery 
(short segment fi xation and anterior approach) and both 
spinal segments (T11–L1 and L2–L3) are signifi cantly 
diff erent than the equations delineated for the collapse of 
non-surgically treated fractures.
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