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Surgical treatment of thoracolumbar burst fractures with posterior short-segment pedicle fixation usu-
ally provides excellent initial correction of kyphotic deformity, but a significant amount of correction
can be lost afterwards. This study evaluates the clinical relevance of the short-segment pedicle fixation
supplemented by laminar hooks (2HS-1SH) construct  in the surgical treatment of thoracolumbar burst
fractures. Twenty-five patients with a single-level thoracolumbar burst fracture were assessed in this ret-
rospective study. All patients were followed for a minimum of 1 year (mean 2.9 [standard deviation
{SD}] 1.5 y). Preoperative vertebral height loss and local kyphosis were 35% (SD 14%) and 19° (SD 9°),
respectively. Mean corrections of vertebral height and kyphosis were 10% (SD 16%) and 12° (SD 9°),
respectively. Mean loss of correction at last follow-up was 2% (SD 6%) and 4° (SD 3°) for vertebral
height and kyphosis, respectively. Loss of correction was significant for local kyphosis (p < 0.001) but
not for vertebral height (p = 0.20). Despite the significant loss of correction for local kyphosis, it re-
mained improved at latest follow-up when compared with the preoperative value (p < 0.001). For pa-
tients with more than 2 years of follow-up, most of the loss of correction in local kyphosis occurred dur-
ing the first postoperative year. There was no evidence of instrumentation failure or pseudarthrosis in
any patient. The 2HS-1SH construct provides significant correction of vertebral body height and local
kyphosis. It also preserves the initial correction and minimizes the risk of instrumentation failure.

Le traitement chirurgical des fractures-éclatement thoracolombaires par fixation du pédicule court
postérieur produit habituellement une excellente correction initiale de la cyphose, mais une importante
proportion de la correction peut disparaître par la suite. Cette étude évalue la pertinence clinique de la
fixation du pédicule court complétée par des crochets laminaires (2HS-1SH) dans le traitement chirur-
gical des fractures-éclatement thoracolombaires. Au cours de cette étude rétrospective, on a évalué 
25 patients victimes d’une fracture thoracolombaire à un seul niveau. Tous les patients ont été suivis
pendant au moins un an (moyenne de 2,9 [écart-type ET] 1,5 an). Le tassement vertical de la vertèbre
et la cyphose locale avant l’intervention s’établissaient à 35 % (ET 14 %) et 19° (ET 9°) respective-
ment. Les corrections moyennes de la hauteur de la vertèbre et de la cyphose ont atteint 10 % (ET
16 %) et 12° (ET 9°) respectivement. La perte moyenne de correction au dernier suivi a atteint 2 %
(ET 6 %) et 4° (ET 3°) dans le cas de la hauteur de la vertèbre et de la cyphose respectivement. La
perte de correction était importante dans le cas de la cyphose locale (p < 0,001), mais non dans celui de
la hauteur de la vertèbre (p = 0,20). En dépit de la perte importante de correction dans le cas de la
cyphose locale, elle est demeurée améliorée au dernier suivi lorsqu’on l’a comparée à la valeur préopéra-
toire (p < 0,001). Dans le cas des patients dont le suivi dépasse deux ans, la majeure partie de la perte
de correction au niveau de la cyphose locale s’est produite au cours de la première année qui a suivi l’in-
tervention. Aucun patient n’a montré de signe de défaillance du montage ou de pseudarthrose. Le mon-
tage 2HS-1SH produit une importante correction verticale du corps de la vertèbre et de la cyphose lo-
cale. Il protège aussi la correction initiale et minimise le risque de défaillance du montage.



The optimal treatment of thoraco-
lumbar spine burst fractures re-

mains controversial. Although 2 re-
cent prospective studies1,2 reported
similar clinical and radiologic out-
comes for operative and nonoperative
treatments, they are limited by the
fact that the loss of kyphosis correc-
tion in the surgical group was signifi-
cant. It is therefore difficult to draw
definite conclusions from compara-
tive studies of nonoperative and oper-
ative treatments unless a construct
which adequately preserves the initial
correction is used.

Surgical treatment of thoracolum-
bar burst fractures usually provides ex-
cellent initial correction of kyphotic
deformity but a significant amount of
correction can be lost afterwards. A
tendency to lose the initial correction
or instrumentation failure can occur
with posterior short-segment pedicle
fixation of only 1 level above and 
1 level below the fractured vertebra.3–14

Extension of the fusion to additional
adjacent levels can be effective for pre-
serving the initial correction because it
distributes the load on multiple levels,5

but it is associated with loss of motion
segments. The addition of transpedic-
ular intracorporeal grafting has been
used, but it does not prevent the 
loss of correction.3,11 Posterior short-
segment fixation supplemented with
transpedicular polymethyl methacry-
late15 or calcium phosphate16 cement
vertebroplasty has also been proposed
to prevent loss of correction and to re-
duce the risk of instrumentation fail-
ure, but these promising techniques
carry the risk that cement will be ex-
truded into the spinal canal, which
limits the technique’s potential use for
patients with large bone fragments
retropulsed into the spinal canal or
with a ruptured posterior longitudinal
ligament. Although anterior decom-
pression and instrumented fusion is
mostly performed in patients with sig-
nificant neurologic deficit and canal
compromise, some authors4,17–21 have
also proposed this technique in the
treatment of thoracolumbar burst frac-
ture in patients without neurologic

deficit. Biomechanically, it has been
shown that anterior column support
and instrumentation is stiffer than
short-segment posterior instrumenta-
tion.22 However, prospective random-
ized studies19,21 comparing anterior and
posterior surgical treatment of thoraco-
lumbar burst fractures in neurologi-
cally intact patients have failed to
demonstrate clear radiologic or clinical
superiority of the anterior over the
posterior approach. In addition, ante-
rior surgery is more complex techni-
cally, is associated with increased
blood loss, and carries the risk of dam-
aging intrathoracic or intra-abdominal
organs and vessels. Therefore, poste-
rior instrumentation and fusion still 
remains the most accepted treatment
for thoracolumbar burst fractures in
the absence of significant neurologic
deficit.

de Peretti and colleagues23 pro-
posed a construct in which laminar
hooks are added to short-segment
pedicle instrumentation (the 2HS-
1SH construct). Extension of the
construct 2 levels above the fracture
with placement of laminar hooks
does not significantly affect spinal
range of motion because the thoracic
segments are relatively immobile. In
addition, this technique does not re-
quire caudad extension of the fusion
in mobile lumbar segments. In their
series of 34 patients, De Peretti and
colleagues23 observed only a 2.5° loss
of correction of the sagittal kyphosis
during follow-up. They suggested
that this construct was effective for
stabilizing thoracolumbar burst frac-
tures and preventing loss of correc-
tion, but this technique has never
been assessed in a separate study.

Therefore, this paper presents in-
dependent clinical results for the
2HS-1SH construct used to surgi-
cally correct and stabilize thoraco-
lumbar burst fractures. This article
does not attempt to support the ben-
efits of operative treatment over non-
operative treatment of thoracolum-
bar burst fractures. Instead, our
study’s objective was to evaluate
whether the 2HS-1SH construct can

effectively maintain the initial correc-
tion provided by the surgery.

Methods

In this retrospective study, we as-
sessed the medical and radiologic
records of 25 consecutive patients
surgically treated for a single-level
thoracolumbar burst fracture. All pa-
tients were treated by 1 of 2 spine
surgeons (AJ or GM). Inclusion cri-
teria were as follows: complete med-
ical and radiologic records, minimum
follow-up of 1 year, thoracolumbar
burst fracture (from T11 to L2)
without involvement of the posterior
column and treatment by posterior
instrumentation and fusion using the
2HS-1SH construct. All fractures
were of type A3 according to the
Gertzbein classification system.24 The
surgical technique consisted of a pos-
terior midline approach, placement
of pedicle screws above and below
the fractured level, placement of
supralaminar hooks 2 levels above
and infralaminar hooks 1 level below
the fractured vertebra and instru-
mentation with 2 rods and 1 cross-
link according to the Isola (DePuy
AcroMed, Raynham, Mass.) or
Cotrel-Dubousset (CD) (Sofamor
Danek, Memphis, Tenn.) instrumen-
tation systems. With the Isola instru-
mentation system, offset connectors
for rods and screws were used along
with regular laminar hooks (Fig. 1B).
With the CD instrumentation sys-
tem, offset laminar hooks were used.
Posterolateral fusion of all the instru-
mented segments (from the upper
supralaminar hooks to the lower in-
fralaminar hooks) was performed by
using an autologous iliac crest bone
graft. Postoperatively, patients wore
a thoracolumbosacral orthosis for 
3 months and were allowed to am-
bulate with no restriction.

Exclusion criteria included osteo-
porotic or pathological fracture, open
vertebral fracture and neurologic
deficit precluding full ambulation.
The authors assumed that loading of
the construct in patients with mild
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sensory abnormality, sphincter dys-
function or mild weakness (grade
4–5) of the lower extremities is simi-
lar to that in neurologically intact pa-
tients. In this series, 2 patients with a
fracture at L1 had conus involvement
with sphincter dysfunction and per-
ineal hypoesthesia but no sensory or
motor deficit in the lower extremities.
Another patient with a fracture at
T12 initially had grade 4–5 strength
bilaterally in the lower extremities but
regained full strength during follow-
up. All remaining patients were neu-
rologically intact. Their mean age was
37.3 (standard deviation [SD] 15.6 y,
range 15–63 y). There were 16 male
patients and 9 female patients. All pa-
tients were followed for a minimum
of 1 year (mean 2.9 [SD 1.5] y, range
1–6.7 y). The fractured vertebra was
T12 for 8 patients, L1 for 15 patients
and L2 for 2 patients. All patients had
a preoperative CT scan that con-
firmed involvement of only the ante-
rior and middle columns. Preopera-
tive radiographs were taken in the
supine position, and all subsequent
radiographs were acquired in the
standing position.

Preoperatively, sagittal local
kyphosis was assessed from the supe-
rior end plate of the vertebral body
above the fracture to the inferior end
plate of the fractured vertebra. In ad-
dition, the percentage of anterior
vertebral height loss was calculated

by dividing the height of the anterior
wall of the fractured vertebra by the
average height of the anterior wall of
adjacent vertebrae. Local kyphosis
and percentage of vertebral height
were also evaluated postoperatively
in the standing position at the first
follow-up visit (between 2 wk and 
1 mo after surgery) and at the last
follow-up visit. Loss of correction
was calculated between postoperative
values measured at first and latest 
follow-up visits. All radiographs were
assessed by the same observer.

Data were analyzed by means of
descriptive statistics and correlation
studies. STATISTICA software
(StatSoft, Tulsa, Okla.) was used. We
used 2-tailed Student’s t test to make
comparisons, and relations between
parameters were assessed with Pear-
son’s coefficients, with a significance
level set to 0.05.

Results

Figure 2 and Figure 3 show the ver-
tebral height loss and local kyphosis
before as well as after surgery at first
and last follow-up visits. Preoperative
vertebral height loss and local kypho-
sis were, respectively, 35% (SD 14%)
(range 8%–64%) and 19° (SD 9°)
(range 0°–34°). Mean correction of
vertebral height and kyphosis were
10% (SD 16%) and 12° (SD 9°), 
respectively. These changes were 

statistically significant: p = 0.004 for
vertebral height correction and p <
0.001 for kyphosis correction. The
mean loss of correction at last follow-
up was 2% (SD 6%) and 4° (SD 3°)
for vertebral height and kyphosis, re-
spectively. Loss of correction was sig-
nificant for local kyphosis (p <
0.001) but not for vertebral height
(p = 0.20). Despite the significant
loss of correction for local kyphosis,
it remained improved at latest follow-
up when compared with the preop-
erative value (p < 0.001). The maxi-
mal loss of correction of local
kyphosis was 10°, and this was found
in only 1 patient. When only patients
(n = 18) with a minimum follow-
up period of 2 years (mean 3.5 [SD
1.4] y) were considered, mean loss of
correction at latest follow-up was
similar at 2% (SD 5%) and 4° (SD 3°)
for vertebral height and kyphosis, re-
spectively. For these patients fol-
lowed for more than 2 years, most of
the loss of correction in local kypho-
sis occurred during the first postop-
erative year (p = 0.002). Loss of cor-
rection between 1 year after surgery
and the latest follow-up visit was not
significant (p = 0.20). Figure 1
shows a typical patient undergoing
posterior fusion and instrumentation
with the 2HS-1SH construct for a
thoracolumbar fracture at L1.

Loss of correction of kyphosis was
not correlated with age (r = –0.07,
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FIG. 1. Typical patient undergoing posterior fusion and instrumentation for a thoracolumbar burst fracture at L1, using the Isola in-
strumentation system. Preoperatively (A), vertebral height loss and local kyphosis were 30% and 22°, respectively. At 1-month
follow-up (B), vertebral height loss was improved to 24% and local kyphosis to 3°. At last follow-up (C), vertebral height loss was
19% and local kyphosis was 5°.



p = 0.73), initial vertebral height loss
(r = 0.11, p = 0.60), initial local
kyphosis (r = –0.04, p = 0.85), per-
centage of correction of vertebral
height (r = 0.14, p = 0.51), percent-
age of correction of local kyphosis
(r = –0.26, p = 0.21) or loss of cor-
rection of vertebral height (r =
–0.15, p = 0.48). Results were simi-
lar when only patients with a mini-
mum of 2 years’ follow-up were
considered.

Mean operative time and blood
loss were 141 (SD 34) minutes and
716 (SD 353) mL. Mean hospital
stay was 7.9 (SD 3.5) days. No pa-
tient had neurologic deterioration
during follow-up. There was no early
or late infection. There was no in-
strumentation failure in this series.
There was no clinical or radiologic
evidence of pseudarthrosis in any pa-
tient. However, the instrumentation
had to be removed in 3 patients who
complained of hardware prominence
and discomfort. For these 3 patients,
the instrumentation was solidly fixed
intraoperatively, and there was no
sign of infection or pseudarthrosis.

Discussion

Ideally, the surgical treatment of tho-
racolumbar burst fractures should

correct the loss of vertebral height
and the sagittal kyphosis and main-
tain this correction postoperatively.
When using a posterior approach,
short-segment pedicle fixation and
fusion 1 level below and 1 level
above the fractured vertebra is ap-
pealing because it is easy to perform
and it allows preservation of spinal
motion segments. However, slight
misplacement of 1 or more screws
can lead to loss of correction and po-
tential instability.25 In published clini-
cal series, this fixation technique was
associated with a high risk of instru-
mentation failure and loss of correc-
tion.3–14 The thoracolumbar junction
represents a transition zone between
the rigid thoracic and the mobile
lumbar spine that is associated with
potential instability in the presence of
a thoracolumbar burst fracture, even
after surgical stabilization. Loss of
correction from instrumentation fail-
ure can occur by 2 mechanisms:
bony or implant failure.16,26 Bony fail-
ure with screw loosening, toggling
or pullout can occur in older patients
with osteoporotic bone. Implant fa-
tigue failure with rod or screw break-
age can occur in trauma patients with
bone of normal density.

To overcome the problems associ-
ated with posterior short-segment

pedicle fixation, de Peretti and col-
leagues23 proposed the addition of
laminar hooks to short-segment pedi-
cle instrumentation to decrease the
loads transmitted to the pedicle screws
while minimizing the extent of fu-
sion. In their series of 34 patients,
mean local kyphosis (measured from
the superior end plate of the upper
vertebra to the inferior end plate of
the inferior vertebra) was corrected
from 19.2° to 0.2° by surgery, and
only 2.5° of loss of correction oc-
curred during follow-up.  Only 1 bro-
ken screw was reported. They hy-
pothesized that torsion load was
absorbed by the cross-links and that
compression load was principally ab-
sorbed by the screws, whereas flexion
load was mainly supported by the
hooks, thus protecting the screws
from the risk of pullout. Biomechan-
ical studies on cadaver spines26,27 con-
firmed that addition of laminar
hooks increases construct stiffness in
flexion, extension, side bending and
torsion; as well, it reduces pedicle
screw bending moments and de-
creases migration of the screws dur-
ing in situ contouring of the rods.

The results of the present study
confirm the findings of de Peretti
and colleagues23 concerning the clini-
cal relevance of adding laminar
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FIG. 2. Vertebral height loss before surgery, in the early post-
operative period and at last follow-up. There was a significant
difference between the values measured preoperatively and
those measured postoperatively (p = 0.004). The loss of cor-
rection of vertebral height at latest follow-up was not signifi-
cant (p = 0.2).
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FIG. 3. Local kyphosis before surgery, in the early postopera-
tive period and at last follow-up. There was a significant differ-
ence between the values measured preoperatively and those
measured postoperatively (p < 0.001). The postoperative loss
of kyphosis correction at latest follow-up was significant (p <
0.001). However, the local kyphosis remained significantly im-
proved at latest follow-up when compared with the preoper-
ative value (p < 0.001).



hooks to the short-segment posterior
pedicle screw fixation construct.
First, the absence of instrumentation
failure in the current series confirms
the biomechanical effectiveness of
this technique. Second, the use of
the 2HS-1SH construct provides sig-
nificant correction of the initial de-
formity. Postoperatively, mean ante-
rior vertebral height loss significantly
improved by 10% (SD 16%), and
mean local kyphosis significantly im-
proved from 19° (SD 9°) to 6°
(SD 7°). Third, this technique effec-
tively preserves the initial correction
during follow-up. Mean loss of cor-
rection of anterior vertebral body
height was minimal at 2% (SD 6%)
and not significant. Although loss of
correction in local kyphosis was sig-
nificant at 4° (SD 3°), it remained
significantly improved at latest follow-
up when compared with the preop-
erative value. Further, many clini-
cians would consider that a mean
change of 4° is not clinically signifi-
cant because it lies within the limits
of the measuring technique.28 Spe-
cific analysis of patients followed for
more than 2 years showed that most
of the loss of correction of local
kyphosis occurs within the first post-
operative year and that local kyphosis
remains stable thereafter. The non-
significant loss of correction in verte-
bral height combined with significant
loss of correction in local kyphosis is
in accordance with existing studies
suggesting that most of the correc-
tion is lost from collapse of adjacent
intervertebral discs rather than from
collapse of the fractured vertebra.29,30

The use of only pedicle screws 
2 levels above and 1 level below the
fractured vertebra has also been pro-
posed by Katonis and colleagues.31 In
their series of 30 patients, local
kyphosis was improved from 19°
(SD 6°) to 5° (SD 4°) by surgery,
and loss of correction at follow-up
was 3° (SD 1°). These results are
similar to those reported in the cur-
rent study, although the patients’
characteristics are not completely
similar between the 2 studies. How-

ever, in contrast to the current study,
4 instrumentation failures occurred
in Katonis and colleagues’ series.31 In
the 2HS-1SH construct, addition of
laminar hooks 1 level below the frac-
ture protects the pedicle screws at
this level, especially when in situ con-
touring is performed. At 2 levels
above the fracture, placement of lam-
inar hooks instead of pedicle screws
has a theoretical advantage. Because
laminar hook fixation is less rigid
than pedicle screw fixation, it allows
some mobility between the 2 supe-
rior vertebrae. This remaining mo-
tion between the 2 superior vertebrae
can decrease the stresses transferred
to the construct, especially to the 
upper pedicle screws, during flexion
and extension movements. Finally,
placement of pedicle screws in the
thoracic spine 2 levels above the frac-
ture, as proposed by Katonis and col-
leagues,31 also carries a potential ad-
ditional risk of neurologic and
vascular complications due to screw
misplacement.

It is believed that the presence of
a rigid instrumentation increases the
risk of adjacent segment disease, pre-
sumably because the immediate
rigidity produced by the instrumen-
tation causes more stress leading to
accelerated degeneration at adjacent
levels.32 The authors suggest that the
addition of supralaminar hooks at the
level above the proximal pedicle
screws could possibly reduce the risk
of adjacent segment disease, owing
to a more gradual transition of stress
distribution between the instru-
mented segment and the proximal
intact spine. Distally, the authors do
not expect a significant decrease in
the risk of degenerative changes fol-
lowing the addition of infralami-
nar hooks, compared with a short-
segment pedicle screw construct,
because the infralaminar hooks are
placed at the same level as the distal
pedicle screws. The role of the in-
fralaminar hooks is to protect the
distal pedicle screws rather than to
provide a better stress distribution
between the instrumented spine and

the mobile lumbar segments. Because
the use of instrumentation can in-
crease the risk of degenerative changes
and associated spinal stenosis, the au-
thors do not recommend the use of
laminar hooks in patients with pre-
existing moderate-to-severe spinal
stenosis. A longer follow-up will be
required to investigate the long-term
risk of degenerative changes associ-
ated with the 2HS-1SH construct.

Conclusions

The 2HS-1SH construct is effective
in the surgical treatment of thora-
columbar burst fractures. It provides
significant correction of vertebral
body height and local kyphosis. It
also preserves the initial correction
and minimizes the risk of instrumen-
tation failure, and it is easy to per-
form.
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