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Abstract

Background: Surgical treatment modalities for post-traumatic kyphosis (PTK) remain controversial. Like vertebral
column resection, closing-opening wedge osteotomy (COWO) can achieve satisfactory results for kyphosis with
multiple etiologies. However, few studies have assessed this procedure for PTK. Our purpose was to evaluate the
radiographic and clinical outcomes of COWO in a selected series of patients with PTK via a single posterior
approach.

Methods: In this retrospective case series, seven patients with symptomatic PTK in the thoracolumbar spine were
reviewed. Five patients underwent surgery at the time of initial injury, and the other two initially underwent
conservative treatment. All seven patients underwent COWO procedures through a single posterior approach. The
Cobb angle was assessed preoperatively, postoperatively, and at the final follow-up. A visual analog scale (VAS) and the
American Spinal Injury Association scale were used to evaluate back pain and neurological function preoperatively and
at final follow-up, respectively. Operation-associated complications were also recorded.

Results: The mean follow-up period was 34.3 months (range, 24 to 43 months). The mean kyphotic angle was
significantly (P <0.05) reduced from 57.7° (range, 36° to 100°) preoperatively to 8° postoperatively (range, −12° to 50°).
The mean VAS improved from 5.9 to 2.1 (P <0.05). Three patients exhibited improved neurological function. Bony fusion
was achieved in all patients. No significant correction loss or permanent complication was noted.

Conclusions: Though technically demanding, COWO via a single posterior approach can provide satisfactory
outcomes for selected patients with PTK. Additional studies are required to improve patient selection and outcomes
for this condition.
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Background
The thoracolumbar spine is a common site of spinal frac-
tures [1]. Patients with missed fractures or initial treatment
failure may be at risk of developing late post-traumatic
kyphosis (PTK) [2]. Surgical treatment is indicated for PTK
patients with progressive deformity, refractory back pain,
or deterioration of neurological status, and such operations
are challenging for spine surgeons [1-7].
Unlike Scheuermann’s kyphosis or ankylosing spondyl-

itis, patients with PTK typically have short, angular curves
with few involved segments and can always maintain
overall sagittal balance [3,8]. Three-column posterior
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osteotomies, including pedicle subtraction osteotomy
(PSO) and vertebral column resection (VCR), are more
effective for correcting PTK than a posterior column-
only osteotomy, such as Smith-Petersen Osteotomy
[8,9].
Closing-opening wedge osteotomy (COWO) is a surgical

technique similar to VCR [10,11]. The vertebral body and
adjacent discs above and below are simultaneously excised
through a single-stage posterior approach. Anterior recon-
struction is achieved by the insertion of a metal mesh or a
strut autograft, which can both improve the kyphosis
correction and reduce the incidence of dural buckling [11].
Satisfactory results have been achieved by using COWO to
treat kyphosis with multiple etiologies [6,11,12]. In PTK
cases, it has been reported that transpedicular osteotomy
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was effective [13]. However, more studies focusing on the
use of COWO to treat PTK are required [6].
The purpose of this study was to evaluate the radio-

graphic and clinical outcomes in seven patients who under-
went COWO for PTK correction in our institution. We
also discuss the unique characteristics of PTK.
Methods
The study conformed to World Medical Association
Declaration of Helsinki (June 1964) and subsequent
amendments. No ethical approval was needed for the
present study. From April 2006 to October 2010, seven
consecutive patients with symptomatic thoracolumbar
PTK were surgically treated in our department. There
were 3 men and 4 women with an average age of 36.3 years
(range, 20 to 57 years). The mean delay between the initial
injury and correction surgery was 87.9 months (range,
6 months to 54 years). According to the AO fracture
classification, the initial fracture patterns system included
A3.1 in one patient, A3.3 in two patients, B1.2 in two
patients, and C1.2 in one patient [14]. The fracture pattern
for one patient (case 4) was not clear because the injury
had occurred 54 years earlier. Conservative treatment was
initially performed in two patients. The other five patients
had undergone surgery at the time of injury. The initial
treatments included simple laminectomy without instru-
mentation in two patients, posterior laminectomy and
stabilization with interspinous wires in one patient, and
posterior reduction and long-segment pedicle screw
instrumentation in two patients. The last two patients
developed deep wound infections and underwent implant
removal 1 and 4 months later, respectively. None of the
seven patients were initially treated at our institution. All
the patients presented with neurological deficits; grade A
in 1 patient, grade B in 1 patient, grade C in 3 patients,
and grade D in 2 patients, according to the American
Spinal Injury Association (ASIA) scale [15]. All the
patients complained of moderate to severe back pain
according to a visual analog scale (VAS). The patient
Table 1 Preoperative demographic and injury data

Case Sex Age Injury level Injury pattern Initial treatment

1 F 42 L1 B1.2 Posterior laminectom

2 M 43 T12 A3.3 Posterior laminectom

3 F 30 T11 B1.2 Posterior laminectom

4 M 57 L2 Unclear Conservative treatme

5 F 26 T12 A3.3 Conservative treatme

6 F 36 T12 A3.1 Posterior fixation

Deep wound infectio

7 M 20 L1/L2 C1.2 Posterior fixation

Deep wound infectio
characteristics and medical histories are summarized in
Table 1.

Surgical technique
All the patients underwent surgery under general
anesthesia. Spinal cord monitoring or wake-up testing
was only performed for selected patients with ASIA
grade C or D. All surgeries were performed by senior
author YH.
The surgeries were performed according to the me-

thod described by Kawahara et al. [11], with some modi-
fications. Briefly, a patient under general anesthesia was
placed in a prone position, and a midline incision was
made to expose the osteotomy site and adjacent two to
three segments above and below. Pedicle screws (CD
HORIZON, Medtronic, Minneapolis, MN, USA, in six
cases and TSRH, Danek, Memphis, TN in one patient)
were inserted into the corresponding levels.

Osteotomy procedure
In the upper lumbar region, the posterior elements, in-
cluding the spinous process, bilateral lamina, transverse
process, and the adjacent facet joints are excised to
identify the involved pedicles. In the lower thoracic
region, it is necessary to excise ribs 3 to 4 cm lateral to
the costotransverse joint, the rib heads and transverse
process at the corresponding level. After the above proce-
dures, the affected pedicles are completely surrounded.
Nerve roots beneath the involved pedicles are carefully
dissected 3 to 4 cm lateral to the corresponding foramen.
The segment nerve roots should be gently retracted to
make space for obtaining access to the anterior column
and osteotomy. In our experience, the operative area at
the thoracolumbar region is wide enough to perform ver-
tebrectomy from a posterior approach and it is not neces-
sary to sacrifice the nerve root. The lateral aspect of the
target vertebral body is then bluntly dissected from both
sides through the plane between the anterior soft tissue
and vertebral body. In the lower thoracic region, this
procedure should be performed extrapleurally. Usually,
Time from injury (months)

y without instrumentation 92

y and stabilization with interspinous wires 43

y without instrumentation 6

nt 432

nt 19

7

n after surgery and implant removal

16

n after surgery and implant removal
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the great vessels are surrounded by a thick layer of fibrous
tissue and can be safely separated from the anterior aspect
of the vertebral body. One unilateral temporary rod is
fixed to maintain the spinal stability during the osteotomy
procedure. With pedicle guidance, the corresponding ver-
tebral body and adjacent discs are excised from the lateral
direction with an osteotome, rongeur, curette, and high-
speed bur. The integrity of the posterior wall cortex and
the end plates of the adjacent vertebral body should
always be preserved. In our protocol, it is not mandatory
to totally remove the vertebra as described by Tomita et al.
[16]. However, the anterior part of the vertebral body must
be carefully removed and cleaned so that the opening of
the anterior column can be achieved during the correction
maneuver. Following dissection of the adhesion between
the ventral dura and posterior wall cortex with a Penfield
dissector, the residual posterior wall cortex is pushed into
the anterior intervertebral gap and then the circumferential
decompression of the spinal cord is completed.

Correction procedure
In cases 1 to 4, two-step closing-opening wedge osteot-
omy and correction was performed. At the beginning of
the correction maneuver, a contoured rod (Rod B) which
was slightly less kyphotic than the original deformity was
attached to the screws on the opposite side, while loosen-
ing the connection of screws of the temporary rod (Rod
A). Rod A was then removed and bended to a slightly less
kyphotic degree than Rod B and re-attached to the screws,
while carefully removing Rod B. The above closing-wedge
procedures were repeated by the surgeon and assistant
alternately and stopped at the first evidence of dura buck-
ling. The residual intervertebral gap was measured, and a
Pyramesh titanium mesh (Medtronic, Memphis, USA)
packed with autogenous bone grafts obtained from the
osteotomy procedure was carefully inserted into the inter-
vertebral gap. With shifting of the fulcrum to the interface
between the titanium mesh and end plates above and
below, the residual kyphosis was corrected by gradually
compressing the posterior instrumentation and/or in situ
contouring technique if necessary. This maneuver can
both guarantee the opening of the anterior column and
maintain the length of the spinal cord.
For cases 5 to 7 with relatively severe kyphosis, the

intervertebral gap after vertebrectomy was fairly large. In
order to prevent sagittal translation during the correction
procedure, a titanium mesh (PYRAMESH, Medtronic)
packed with autogenous bone was directly inserted into
the intervertebral gap after vertebrectomy. The kyphotic
deformity was corrected by the same method stated above
with an interface hinge between the titanium mesh and
the end plates above and below. This procedure can
achieve anterior column opening and posterior column
closing in one step.
The remaining bone grafts were placed around the
cage to fill the gap. The drainage tube was placed
beneath the muscle, and the wound was closed in layers.

Postoperative management
Postoperatively, the patients were allowed out of bed with
a custom-molded thoracolumbosacral orthosis 1 week
after operation if no evidence of continuous cerebrospinal
fluid leakage was noted. The patients were required to
wear the thoracolumbosacral orthosis for 3 to 4 months.

Clinical and radiological assessments
The medical records of the COWO procedure, including
operative time, blood loss, and perioperative complications
were recorded.
Radiographs were obtained preoperatively, postoperatively,

and at the final follow-up. Follow-up X-ray films, including
an A-P film, lateral film, and flexion/extension films were
obtained. Kyphotic angles were measured by Cobb’s method,
which was from the superior endplate of the vertebra above
the injured level to the inferior endplate of the vertebra
below the injured level. Positive and negative values indi-
cated kyphosis and lordosis, respectively. The status of
fusion was classified into solid union, probable union, and
nonunion according to Suk’s criteria [17]. Back pain severity
was evaluated by a visual analog scale (VAS) preoperatively
and at the final follow-up. The ASIA scale was used to assess
neurological function at the same time points.

Statistical analysis
Data were statistically analyzed using SPSS 11.5 software
(SPSS Inc., Chicago, IL, USA). Wilcoxon signed rank tests
were used to assess kyphotic angle differences before and
after surgery or at the final follow-up. For VAS, results
were evaluated by comparing the patient’s preoperative
score to that at the final follow-up with the same method.
P <0.05 was considered statistically significant.

Results
All the patients tolerated the operations well and had a
mean follow-up period of 34.3 months (range, 24 to
43 months). The mean blood loss was 3,071 mL (range,
2,200 to 4,100 mL), and the mean operative time was
376 minutes (range, 320 to 430 minutes). The kyphotic
angle improved from a preoperative mean of 57.7° (range,
36° to 100°) to a postoperative mean of 8° (range, −12° to
50°), which was statistically significant (P <0.05). The
follow-up kyphotic angle was 11.6°, which corresponded to
a mean 3.6° correction loss, but the angle was still signifi-
cantly improved compared to the mean preoperative value
(P <0.05).
One patient (case 4, ASIA grade D) experienced a tran-

sient postoperative deterioration of neurological function,
but her symptoms improved to preoperative status after
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1 month of conservative treatment. No permanent neuro-
logical function deterioration was noted. Intraoperative
dural tears occurred in two patients (cases 1 and 6), and
postoperative cerebrospinal fluid leakage occurred in both
cases. These symptoms resolved spontaneously, and no
deep wound infection was identified. No other periopera-
tive complications occurred.
All the patients reported significant back pain relief at the

final follow-up. The mean VAS score improved from 5.9
preoperatively (range, 4 to 7) to 2.1 at the final follow-up
(range, 1 to 3), which was statistically significant (P <0.05).
Postoperative neurological function improvement was
noted in three patients. At the final follow-up, one patient
(case 7) improved from ASIA grade B to C, and two
patients (cases 1 and 3) improved from ASIA grade C to D.
All patients achieved bony fusion, and no implant failure
was noted.
The clinical and radiological results are summarized in

Table 2.

Illustrative cases presentation
Case 3
This 30-year-old female patient sustained a T11 burst
fracture (AO classification B1.2) in a motor vehicle accident
with neurological deficit. She underwent posterior laminec-
tomy without instrumentation as the initial treatment at
another hospital. Kyphosis and back pain developed grad-
ually after the surgery. When she came to our outpatient
department 6 months after the initial injury, she com-
plained of severe back pain and presented with T10 spinal
cord injury (ASIA grade C). She could not stand and walk
for any prolonged period because of back pain. The pre-
operative kyphotic angle was 36°. To correct the deformity,
a closing-opening wedge osteotomy at T11 level and T9-L1
pedicle screw instrumentation (CD HORIZON, Medtronic,
Minneapolis, MN, USA) and fusion were performed. After
surgery the local kyphosis improved to 4° and significant
pain relief was noted. No significant loss of correction or
implant failure was reported at 3 years follow-up. The
neurological function improved from ASIA grade C
preoperatively to grade D at final follow-up (Figure 1).

Case 4
This 57-year-old male patient, according to his own
personal statement, sustained a falling injury when he was
3 years old but did not receive any treatment due to
economic problems. The kyphotic deformity of lumbar
spine developed progressively. When he came to our out-
patient clinic, he presented with severe cosmetic problems
in the lumbar spine and weakness of bilateral iliopsoas and
quadriceps. The preoperative pain was graded as 7, which
influenced his normal sleep. The preoperative X-ray showed
significant collapse of L2 segment and local kyphotic angle
was 100°. The patient underwent vertebrectomy of L1 and
L2 from posterior approach and one-step closing-opening
wedge osteotomy with pedicle screws instrumentation
(CDH+TSRH, Medtronic, Memphis, USA) from T9-L4.
After surgery, the kyphotic angle improved to 50° and pain
relieved significantly. The patient experienced transient
weakness of iliopsoas after surgery and recovered to pre-
operative status after 1 month of conservative treatment
(Figure 2).

Case 7
This 20-year-old male patient suffered a fracture and dis-
location at L1/2 segments in a falling injury. The neuro-
logical status was T10 spinal cord injury (ASIA grade C)
at initial injury. He was treated with posterior long-segment
pedicle instrumentation immediately after injury in another
hospital. Unfortunately, uncontrolled deep wound infection
occurred one month after the surgery, which made it ne-
cessary to remove all the implant and perform debridement
and irrigation. Finally, the wound healed, but the collapse
and kyphosis at the injury level developed progressively.
When the patient was admitted to our ward at 16 months
after the initial injury, he presented with deterioration of
the neurological function (ASIA grade B) and severe back
pain, which influenced normal sitting position and rehabili-
tation. A closing-opening wedge osteotomy at T12/L1
levels and T9-L4 pedicle screw fixation (CD HORIZON,
Medtronic, Minneapolis, MN, USA) and fusion were per-
formed to correct the kyphotic deformity. The kyphosis im-
proved from 52° preoperatively to 12° postoperatively and
had 4° of loss of correction at 2-year follow-up. The neuro-
logical function improved from ASIA grade B preopera-
tively to ASIA grade C and significant pain relief was also
noted at final follow-up (Figure 3).

Discussion
The correction of kyphosis can be achieved by an anterior
approach, posterior approach, or a combined anterior-
posterior approach. Compared to the posterior approach,
the anterior approach has advantages including direct
decompression of the spinal canal, better correction main-
tenance, and more biomechanical stability. However, dis-
advantages associated with the anterior approach, such as
it being a complicated surgical approach, massive trauma,
and high risk of perioperative complication, limit the
extensive application of this wide-open procedure [18].
EI-Sharkawi et al. [4] compared the surgical outcomes of
PSO with anterior corpectomy and plating in patients with
PTK. Significantly better results were observed in the PSO
group in terms of correction angle (29.8° for PSO group
and 22° for the anterior corpectomy and plating group)
and improvement in VAS score. A study by Suk et al. [1]
also supported the use of PSO for the treatment of PTK
compared with a combined anterior-posterior approach.
Nowadays, the posterior-only approach has become the



Table 2 Treatment, complications, and follow-up data

Cases Fusion levels Blood loss (ml) Operative time
(min)

Follow-up time
(month)

Kyphotic angle (degree) ASIA grade Follow-up VAS Complications

Pre-op Post-op Follow- up Loss of correction Pre-op Follow-up Pre-op Follow-up

1 T11-L3 3500 430 36 54 −2 0 2 C D 6 1 Dural tear

2 T10-L2 3300 400 41 48 2 7 5 C C 4 2

3 T9-L1 2600 345 43 36 10 12 2 C D 5 2

4 T10-L5 3000 425 28 100 50 56 6 D D 7 3 Transient neurological
deficit

5 T11-L3 2800 385 38 52 −12 −8 4 D D 5 2

6 T10-L2 2200 330 30 62 −4 −2 2 A A 7 3 Dural tear

7 T9-L4 4100 320 24 52 12 16 4 B C 7 2

ASIA, American Spinal Injury Association; VAS, Visual Analog Scale.
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Figure 1 Radiographs of case 3. (A) Preoperative X-ray films. Left:
Preoperative A-P film showed absence of posterior element at T11
level which indicated that laminectomy had been performed. Right:
The lateral film showed anterior collapse of T11 vertebral body and
local kyphosis of 36°. (B) Immediately postoperative X-ray films: A
closing-opening wedge osteotomy at T11 level and T9-L1 pedicle
screw instrumentation (CD HORIZON, Medtronic, Minneapolis, MN,
USA) and fusion were performed. The kyphotic angle was corrected
to 10°. (C) Follow-up X-ray films: Bony fusion was achieved and there
was only 2° of correction loss at 3 years follow-up.
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most commonly used method for the treatment of
kyphosis.
Unlike kyphosis due to other etiologies, PTK is usually a

regional kyphosis and is more likely to be a short, angular
curve. This condition is more amendable to three-column
osteotomies, including PSO and VCR, than a posterior
column-only osteotomy such as PSO [3,8].
Recently, satisfactory mid- to long-term results have

been achieved by employing PSO to treat sagittal imbal-
ance due to multiple etiologies [1,4,19-21]. Kim et al. [21]
reported the 5- to 8-year follow-up results of PSO for the
treatment of sagittal balance in 35 patients and obtained a
mean correction angle of 36.2° and significant improve-
ment on the Oswestry disability index. No pseudarthrosis
or permanent neurological deficits were noted. In a series
of 27 patients who underwent PSO for the treatment of
sagittal imbalance due to multiple etiologies, Bridwell
et al. [19] reported an average 34.1° of increase of lordosis,
13.5 cm of improvement of the sagittal line, and signifi-
cant improvement in Oswestry score with at least 2 years
follow-up. A study by Brox et al. [20] had similar results.
However, PSO is not a complication-free procedure. Re-

cently, Bridwell et al. [8] reviewed the literature and found
that the incidence of neurological deficits with PSO was
about 8%, though most deficits were transient. This com-
plication is partially attributed to dural buckling when the
kyphosis to be corrected is >40° [22]. Further, Bridwell
et al. [23] analyzed complications associated with PSO in
33 patients with at least 2-year follow-ups; pseudarthrosis
was noted in eight patients, including one case in the oste-
otomy site, which affected the clinical results. The authors
strongly recommended anterior reconstruction for oste-
otomies performed through segments with a history of
previous laminectomy, pseudarthrosis, or nonfusion. In a
series of 67 patients, Ikenaga et al. [24] reported that 18
patients (26%) experienced kyphosis progression after the
PSO procedure, and one-third of these 18 patients re-
quired revision surgery because of pain and neurological
deterioration. Patients with compression fractures were
more likely to develop adjacent segment collapse com-
pared with patients with degenerative kyphosis. Auerbach
et al. [25] reported that the overall rate of major medical
and surgical complications in the PSO group (38%) was
higher than that in the VCR group (22%), but this differ-
ence was not significant.
In the present study, five of the seven patients had thora-

columbar kyphosis >45°, and three of seven patients ini-
tially underwent laminectomy without rigid stabilization.



Figure 2 Radiographs of case 4. (A) Preoperative X-ray films. Left:
A-P film showed scoliosis of 20°. Right: Lateral film showed significant
collapse of L1 vertebral body and kyphosis of 100°. (B) Sagittal
computed tomography scan preoperative. (C) Postoperative X-ray
films. Vertebrectomy of L1 and L2 from posterior approach and
one-step closing-opening wedge osteotomy with pedicle screws
instrumentation (CDH + TSRH, Medtronic, Memphis, USA) from
T9-L4 were performed. Left: Lateral film. Kyphosis was corrected to
50°. Right: A-P film. Scoliosis was corrected to 10°.
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Two of seven patients experienced uncontrolled deep
wound infection and underwent implant removal within a
few months of surgery. Pseudarthrosis occurred at the
initial fracture site, and kyphosis developed progressively.
Given the clinical characteristics mentioned above, we did
not think PSO was appropriate for this group of patients.
COWO was first described by Kawahara et al. [11] and

is useful for correcting severe kyphosis (>50°). This pro-
cedure involves resection of the vertebral body and adja-
cent discs above and below, all through a single-stage
posterior approach. Greater kyphosis correction can be
achieved without kinking the spinal cord by inserting a
cage into the intervertebral gap to serve as a secondary
fulcrum. Anterior support provided by the metal cage
may also avoid the inherent complications associated
with PSO procedure.
In the present study, we obtained an average 50.6° ky-

phosis correction without permanent neurological defi-
cits in seven patients. Three patients achieved one ASIA
grade improvement, and no significant loss of correction
was noted at the final follow-up. These results are
comparable to those described by others. Kawahara et al.
[11] reported 49° kyphosis correction and 100% fusion
rate in seven patients who underwent COWO for severe
kyphosis with multiple etiologies. In a series of 19
patients who underwent this technique to correct
moderate-to-severe PTK, Zeng et al. [6] achieved an
83.3% correction rate. VAS and Oswestry disability index
improved from 10.0 and 27.4 preoperatively, to 2.3 and
12.2 at the final follow-up, respectively. In addition, the
authors emphasized that patients with neurological defi-
cits could also benefit from this procedure, regardless of
the duration of the delay between the initial injury and
the correction surgery. Rajasekaran et al. [12,26] also
obtained satisfactory results by using this procedure to
treat severe post-tubercular kyphotic deformities.
The decision to perform PSO or COWO/VCR is

mainly dependent on the magnitude of kyphosis. Zeng
et al. [6] suggested that COWO should be applied if the
kyphotic angle is >45°. Zhang et al. [7] performed VCR
and achieved satisfactory results when the effective
regional deformity was >60°.
Based on our experience, we think that factors besides

the kyphotic angle should be considered when choosing



Figure 3 (See legend on next page.)
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(See figure on previous page.)
Figure 3 Radiographs and photographs of case 7. (A) Sagittal computed tomography scan of the initial injury showed dislocation at L1/L2
levels and significant comminution of the L1 vertebral body. (B) Preoperative lateral X-ray film: Collapse of the anterior column after implant
removal and local kyphosis of 52°. (C) Preoperative MRI T2-weighted film. Intraoperative photographs of thoracolumbar spine before (D) and after
(E) correction. (F) Immediately postoperative lateral radiograph: The kyphosis was corrected to 12°. (G) Lateral film at 2-year follow-up: Good
maintenance of the correction and 4° of correction loss was noted. (H) Computed tomography scan at 2-year follow-up: Solid bony intervertebral
fusion was achieved.
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an appropriate treatment for symptomatic PTK. Recently,
Schoenfeld et al. [2] reviewed the literature and reported
that severe burst fractures and flexion-distraction were
the most common PTK-associated injury patterns, which
we also observed in the present study. As the largest avas-
cular structures in the adult human body, intervertebral
discs have limited ability to heal after injury. Studies by
Haschtmann et al. [27] and Heyde et al. [28] showed that
endplate fracture could induce apoptosis in intervertebral
disc cells, which may accelerate the degenerative pro-
cesses. Oner et al. [29] reported that the primary correc-
tion loss after surgical treatment for thoracolumbar burst
fractures occurred at the intervertebral disc space rather
than in the vertebral body. Jean et al. [9] also found that
adjacent disc damage prevented full kyphotic deformity
correction in the lower lumbar spine. More importantly,
disc damage may be related to pain in patients with PTK
[30]. Therefore, it is our preference to perform COWO,
which involves resection of the injured vertebral body and
adjacent discs to correct symptomatic PTK, especially
when the initial injury patterns are severe burst fracture
and flexion-distraction. That is why we performed this
procedure for case 3, who had a thoracolumbar kyphosis
of only 36°. In addition, the surgical experience of the
physician should be considered when choosing an appro-
priate treatment.
As a retrospective case series, the present report has

some inherent limitations. The choice of treatment was
mostly dependent on the surgeon’s personal experience,
and it is likely that PSO is more suitable for certain pa-
tients with PTK. Treating PTK is challenging, and even an
experienced physician can only manage a handful of pa-
tients with this condition. We were unable to quantify the
factors influencing the surgeon’s decision to perform PSO
or COWO/VCR because of the small sample size. Multi-
center prospective studies comparing outcomes among
different surgical treatments should be performed to im-
prove patient selection and surgical outcomes.

Conclusions
Unlike Scheuermann’s kyphosis or ankylosing spondylitis,
patients with PTK usually have a short, angular curve,
which is more likely to respond to three-column posterior
osteotomy. Though technically demanding, the COWO
procedure via a single posterior approach can achieve
satisfactory surgical outcomes for selective patients with
PTK. Larger studies are required to improve patient selec-
tion and surgical outcomes for this condition.

Consent
Written informed consent was obtained from the patient
for the publication of this report and any accompanying
images.

Abbreviations
ASIA: American Spinal Injury Association; COWO: Closing-opening wedge
osteotomy; PSO: Pedicle subtraction osteotomy; PTK: Post-traumatic kyphosis;
VAS: Visual analog scale; VCR: Vertebral column resection.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
XL carried out the study design, data collection and analysis, wrote the
manuscript, and provided the critical revision. YH also carried out the study
design, clinical study, and approved the final version of the manuscript. JZ,
HT, SC, and ZL participated in the clinical study and help to perform the
statistical analysis. All authors read and approved the final manuscript.

Acknowledgments
This study was supported by the Capital Medical Development and Research
Foundation of Beijing, China (No. 2009–2096).

Received: 19 April 2014 Accepted: 20 October 2014

References
1. Suk SI, Kim JH, Lee SM, Chung ER, Lee JH: Anterior-posterior surgery

versus posterior closing wedge osteotomy in posttraumatic kyphosis
with neurologic compromised osteoporotic fracture. Spine 2003,
28:2170–2175.

2. Schoenfeld AJ, Wood KB, Fisher CF, Fehlings M, Oner FC, Bouchard K,
Arnold P, Vaccaro AR, Sekhorn L, Harris MB, Bono CM: Posttraumatic
kyphosis: current state of diagnosis and treatment: results of a
multinational survey of spine trauma surgeons. J Spinal Disord Tech 2010,
23:e1–e8.

3. Buchowski JM, Kuhns CA, Bridwell KH, Lenke LG: Surgical management of
posttraumatic thoracolumbar kyphosis. Spine J 2008, 8:666–677.

4. El-Sharkawi MM, Koptan WM, El-Miligui YH, Said GZ: Comparison between
pedicle subtraction osteotomy and anterior corpectomy and plating for
correcting post-traumatic kyphosis: a multicenter study. Eur Spine J 2011,
20:1434–1440.

5. Munting E: Surgical treatment of post-traumatic kyphosis in the
thoracolumbar spine: indications and technical aspects. Eur Spine J 2010,
19(Suppl 1):S69–S73.

6. Zeng Y, Chen Z, Sun C, Li W, Qi Q, Guo Z, Zhao Y, Yang Y: Posterior
surgical correction of posttraumatic kyphosis of the thoracolumbar
segment. J Spinal Disord Tech 2013, 26:37–41.

7. Zhang XS, Zhang YG, Wang Z, Chen C, Wang Y: Correction of severe
post-traumatic kyphosis by posterior vertebra column resection.
Chin Med J 2010, 123:680–685.

8. Bridwell KH: Decision making regarding Smith-Petersen vs. pedicle
subtraction osteotomy vs. vertebral column resection for spinal
deformity. Spine 2006, 31:S171–S178.



Li et al. European Journal of Medical Research 2014, 19:59 Page 10 of 10
http://www.eurjmedres.com/content/19/1/59
9. Lazennec J-Y, Neves N, Rousseau M-A, Boyer P, Pascal-Mousselard H, Saillant
G: Wedge osteotomy for treating post-traumatic kyphosis at thoracolumbar
and lumbar levels. J Spinal Disord Tech 2006, 19:487–494.

10. Dorward IG, Lenke LG: Osteotomies in the posterior-only treatment of
complex adult spinal deformity: a comparative review. Neurosurg Focus
2010, 28:E4.

11. Kawahara N, Tomita K, Baba H, Kobayashi T, Fujita T, Murakami H:
Closing-opening wedge osteotomy to correct angular kyphotic
deformity by a single posterior approach. Spine 2001, 26:391–402.

12. Rajasekaran S, Vijay K, Shetty AP: Single-stage closing-opening wedge
osteotomy of spine to correct severe post-tubercular kyphotic
deformities of the spine: a 3-year follow-up of 17 patients.
Eur Spine J 2010, 19:583–592.

13. Klostermann CK, Hette K, Pflugmacher R: [Transpedicular osteotomy with
dorsal wedge osteotomy: treatment of post-traumatic or postinfection
kyphotic malalignment of the thoraco-lumbar spine]. Unfallchirurg 2009,
112:1041–1046.

14. Magerl F, Aebi M, Gertzbein S, Harms J, Nazarian S: A comprehensive
classification of thoracic and lumbar injuries. Eur Spine J 1994, 3:184–201.

15. Kirshblum SC, Burns SP, Biering-Sorensen F, Donovan W, Graves DE, Jha A,
Johansen M, Jones L, Krassioukov A, Mulcahey M: International standards
for neurological classification of spinal cord injury (revised 2011).
J Spinal Cord Med 2011, 34:535–546.

16. Tomita K, Kawahara N, Baba H, Tsuchiya H, Fujita T, Toribatake Y: Total en
bloc spondylectomy. A new surgical technique for primary malignant
vertebral tumors. Spine 1997, 22:324–333.

17. Suk SI, Lee CK, Kim WJ, Lee JH, Cho KJ, Kim HG: Adding posterior lumbar
interbody fusion to pedicle screw fixation and posterolateral fusion after
decompression in spondylolytic spondylolisthesis. Spine 1997, 22:210–219.
Discussion 219–220.

18. Allain J: Anterior spine surgery in recent thoracolumbar fractures: an
update. Orthop Traumatol Surg Res 2011, 97:541–554.

19. Bridwell KH, Lewis SJ, Lenke LG, Baldus C, Blanke K: Pedicle subtraction
osteotomy for the treatment of fixed sagittal imbalance. J Bone Joint Surg
2003, 85:454–463.

20. Brox JI, Helle A, Sorensen R, Gunderson R, Riise R, Reikeras O: Functional
outcome after lumbar closing wedge osteotomy in ankylosing
spondylitis. Int Orthop 2009, 33:1049–1053.

21. Kim YJ, Bridwell KH, Lenke LG, Cheh G, Baldus C: Results of lumbar pedicle
subtraction osteotomies for fixed sagittal imbalance: a minimum 5-year
follow-up study. Spine 2007, 32:2189–2197.

22. Lehmer SM, Keppler L, Biscup RS, Enker P, Miller SD, Steffee AD: Posterior
transvertebral osteotomy for adult thoracolumbar kyphosis. Spine 1994,
19:2060–2067.

23. Bridwell KH, Lewis SJ, Edwards C, Lenke LG, Iffrig TM, Berra A, Baldus C,
Blanke K: Complications and outcomes of pedicle subtraction
osteotomies for fixed sagittal imbalance. Spine 2003, 28:2093–2101.

24. Ikenaga M, Shikata J, Takemoto M, Tanaka C: Clinical outcomes and
complications after pedicle subtraction osteotomy for correction of
thoracolumbar kyphosis. J Neurosurg Spine 2007, 6:330–336.

25. Auerbach JD, Lenke LG, Bridwell KH, Sehn JK, Milby AH, Bumpass D,
Crawford CH 3rd, O’Shaughnessy BA, Buchowski JM, Chang MS, Zebala LP,
Sides BA: Major complications and comparison between 3-column
osteotomy techniques in 105 consecutive spinal deformity procedures.
Spine 2012, 37:1198–1210.

26. Rajasekaran S, Rishi Mugesh Kanna P, Shetty AP: Closing-opening wedge
osteotomy for severe, rigid, thoracolumbar post-tubercular kyphosis.
Eur Spine J 2011, 20:343–348.

27. Haschtmann D, Stoyanov JV, Gedet P, Ferguson SJ: Vertebral endplate
trauma induces disc cell apoptosis and promotes organ degeneration
in vitro. Eur Spine J 2008, 17:289–299.
28. Heyde CE, Tschoeke SK, Hellmuth M, Hostmann A, Ertel W, Oberholzer A:
Trauma induces apoptosis in human thoracolumbar intervertebral discs.
BMC Clin Pathol 2006, 6:5.

29. Oner FC, van der Rijt RR, Ramos LM, Dhert WJ, Verbout AJ: Changes in the
disc space after fractures of the thoracolumbar spine. J Bone Joint Surg Br
1998, 80:833–839.

30. Kostuik JP, Matsusaki H: Anterior stabilization, instrumentation, and
decompression for post-traumatic kyphosis. Spine 1989, 14:379–386.

doi:10.1186/s40001-014-0059-3
Cite this article as: Li et al.: Closing-opening wedge osteotomy for
thoracolumbar traumatic kyphosis. European Journal of Medical Research
2014 19:59.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgical technique
	Osteotomy procedure
	Correction procedure
	Postoperative management
	Clinical and radiological assessments
	Statistical analysis

	Results
	Illustrative cases presentation
	Case 3
	Case 4
	Case 7


	Discussion
	Conclusions
	Consent
	Abbreviations

	Competing interests
	Authors’ contribution
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


