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OBJECT Most thoracolumbar fractures have a good healing outcome with adequate treatment. However, posttraumatic
thoracolumbar kyphosis can occur in a proportion of thoracolumbar fractures after inappropriate treatment, osteoporosis,
or osteonecrosis of the vertebral body. There are several surgical options to correct posttraumatic thoracolumbar ky-
phosis, including anterior, posterior, and combined approaches, which are associated with varying degrees of success.
The aim of this study was to assess the use of a modified closing wedge osteotomy for the treatment of posttraumatic
thoracolumbar kyphosis and to evaluate the radiographic findings and clinical outcomes of patients treated using this

technique.

METHODS Thirteen consecutive patients with symptomatic posttraumatic thoracolumbar kyphosis were treated using a
modified closing wedge osteotomy. The mean patient age was 62 years. The kyphosis apex ranged from T-10 to L-2. The
sagittal alignment, kyphotic angle, neurological function, visual analog scale for back pain, and Oswestry Disability Index
were evaluated before surgery and at follow-up.

RESULTS The mean preoperative regional angle was 27.4°, and the mean correction angle was 29.6°. Sagittal align-
ment improved with a mean correction rate of 58.3%. The mean surgical time was 275 minutes, and the mean intra-
operative blood loss was 1585 ml. The intraoperative complications included 2 dural tears, 1 nerve root injury, and 1
superficial wound infection. The mean visual analog scale score for back pain improved from 6.6 to 2, and the Oswestry
Disability Index score decreased from 55.4 to 22.6 at the last follow-up. All patients achieved bony anterior fusion based
on the presence of trabecular bone bridging at the osteotomy site.

CONCLUSIONS The modified posterior closing wedge osteotomy technique achieves satisfactory kyphosis correction
with direct visualization of the circumferentially decompressed spinal cord, as well as good fusion with less blood loss
and fewer complications. It is an alternative method for treating patients with posttraumatic thoracolumbar kyphosis.
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osT thoracolumbar fractures have a good healing
Moutcome when treated adequately. Unstable tho-

racolumbar fractures are managed using urgent
surgical treatment, whereas less severe thoracolumbar
fractures are managed using bracing and serial imaging to
evaluate bony healing and alignment. However, posttrau-
matic thoracolumbar kyphosis can occur in a proportion of

thoracolumbar fractures despite adequate treatment or due
to inappropriate or delayed treatment.>*%

Posttraumatic thoracolumbar kyphosis could be caused
by factors related to treatment of the injury, such as de-
layed treatment, inadequate immobilization, weight bear-
ing too early, incorrect surgical procedure and/or fixation
(posterior-only surgery, short fusion segment, or prior
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laminectomy), and improper choice of internal fixation
devices, and also by factors unrelated to treatment, such as
osteoporosis, osteonecrosis of the vertebral body, or Char-
cot spine.!5:2023.29

Pathological changes in posttraumatic thoracolumbar
kyphosis include muscle or disc degeneration, canal com-
promise, and local instability. Patients with posttraumatic
thoracolumbar kyphosis present with a variety symptoms,
including local muscle fatigue or pain, focal deformity,
and neurological deficits.*132%3 Therefore, pain intrac-
table to conservative treatment, progressive deformity, or
progressive neurological deficits are the main indications
for surgical intervention.

There are several surgical procedures that can be used
to correct kyphosis.!*'72627 Since the Smith-Petersen os-
teotomy (SPO) technique was first described by Smith-
Petersen in 1945, anterior, posterior, or combined anterior
and posterior procedures for correcting thoracolumbar
kyphosis have been advocated by different authors, with
varying degrees.>!82325 However, the ideal management
remains controversial.

The aim of this retrospective study was to illustrate the
technique of modified closing wedge osteotomy for the
treatment of posttraumatic thoracolumbar kyphosis and to
evaluate the radiological findings and clinical outcomes of
patients treated using this technique.

Methods

Patients

Thirteen consecutive patients with symptomatic post-
traumatic thoracolumbar kyphosis were treated using
modified closing wedge osteotomy at our hospital between
May 2010 and May 2012. This study was performed with
the approval of the ethics committee of our hospital. The
patients included 3 males and 10 females, with a mean age
at the time of operation of 62 years (range 44—75 years).
The mean follow-up period was 22 + 17 months (range
12-32 months).

The mean delay between the initial fracture and kypho-
sis correction was 29 = 17 months (range 8—63 months).
All cases had been managed conservatively (no previous
surgical treatment), and the injured vertebra was the ky-
photic apex vertebra as well as the osteotomy level (T-10
in 1 case, T-11 in 1 case, T-12 in 3 cases, L-1 in 6 cases,
and L-2 in 2 cases) (Table 1).

The main complaint of all patients was back pain, as
well as pain, numbness, or weakness of the lower extremi-
ties. For patients with neurological deficits, the American
Spinal Injury Association Impairment Scale (AIS) grade
was C in 2, D in 5, and E in 6 patients. All patients re-
ceived strict and regular conservative treatment for at least
3 months before surgery and had definite surgical indica-
tions (pain intractable to conservative treatment, progres-
sive deformity, or progressive neurological deficits).

Operative Technique

All procedures were performed using somatosensory
evoked potential monitoring. Following endotracheal intu-
bation, patients were placed prone on a radiolucent operat-
ing table. Transverse chest and hip/thigh pads were used to
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maintain maximum extension of the lumbar spine to facil-
itate intraoperative osteoclasis throughout the osteotomy.

A posterior midline incision was made spanning from
2 or 3 levels above the fracture site to 2 or 3 levels below
it, and a subperiosteal dissection was performed from the
spinous process to the tip of the transverse process at all
predetermined levels.

With C-arm fluoroscopic guidance, monoaxial pedicle
screws were then inserted 2 or 3 levels above and 2 or 3
levels below the osteotomy site. The selection of 2 versus
3 levels above and below the instrumentation was based
on the bone strength (age and bone mineral density score).
Five cases involved 2 levels, and 8 cases involved 3 levels
above and below the instrumentation. The modified clos-
ing wedge osteotomy was then performed (Fig. 1). Poste-
rior elements of the apical vertebra were removed, and epi-
dural scarring was released carefully if necessary. An ex-
tensive posterior decompression of the dura was necessary
to prevent invagination of the dura with osteotomy clo-
sure. Meticulous subperiosteal dissection was performed
down to the lateral wall of the apical vertebra. Care was
taken to protect the exiting nerve root and segmental ves-
sels. Electric cauterization and hemostatic gauze were
used to control bleeding of any segmental vessels injured
during dissection. A transpedicular decancellous proce-
dure, which is similar to the “egg-shell” technique, was
then performed within the apical vertebral body using a
pedicle probe and drill to create a wedge resection space
toward the upper segment of the damaged intervertebral
disc. During this process, a probe was used to check the
depth of the bone resection under fluoroscopy. When an
adequate amount of the vertebral body was removed, the
bilateral cortical bone of the apical vertebra was removed
using a rongeur to create an operative window, which can
provide sufficient space for removing the upper damaged
disc. The posterior cortical bone, upper endplate, and in-
tervertebral disc of the apical vertebral body were then
removed (Fig. 1). Temporary rods were used to prevent
any uncontrolled closure of the osteotomy space, and the
size of wedge space was adjusted according to the surgi-
cal plan.

Finally, the wedge osteotomy space was closed gradu-
ally and smoothly while confirming no residual soft or
bony compression at the resected margin. No further an-
terior support was needed. Adequate auto- and allograft
bone was then placed in the intertransverse processes in
each patient. Suction drains were placed, and the wound
was closed in layers.

Postoperatively, the patients were allowed out of bed
using a customized thoracolumbar orthosis 24 hours after
surgery. The orthosis was used for 3 months.

Radiological Evaluation and Clinical Assessments

Radiological evaluations were based on standing an-
teroposterior (AP) and lateral views, flexion and extension
lateral views, and 3D CT scans. Magnetic resonance im-
aging was performed to analyze the influence of surgery
on the spinal canal. Kyphotic deformity was assessed on
lateral radiographs using the Cobb method. Regional an-
gles between the superior endplate of the vertebra above
the apical (wedged) vertebra and the inferior endplate of



TABLE 1. Demographic data

Modified posterior closing wedge osteotomy

Case Kyphotic Apex/  Delay Btwn Initial Injury & Kyphosis

No.  Sex/Age (yrs) Initial Injury Osteotomy Level Correction (mos) Follow-Up (mos)
1 F/66 T-12 compression fracture T12 8 32
2 FI75 L-1 compression fracture L-1 18 30
3 F/54 L-2 burst fracture L-2 1" 27
4 M/75 L-2 burst fracture L-2 26 26
5 F/64 T-10 compression fracture T-10 22 24
6 F/66 L-1 compression fracture L1 63 24
7 F/60 T-12 compression fracture T12 40 22
8 F/54 T-11 burst fracture TN 28 22
9 M/64 L-1 compression fracture L1 38 20

10 F/70 L-1 compression fracture L1 32 18

1" Fl44 T-12 burst fracture T-12 58 15

12 M/45 L-1 burst fracture L1 19 13

13 F/70 L-1 compression fracture L1 15 12

the apical vertebra below were measured preoperatively,
immediately after surgery, and at the final follow-up. The
sagittal spine alignment was evaluated as the distance
from the C-7 plumb line to the posterosuperior corner of
S-1 or the sacral promontory.

A negative sagittal imbalance occurred when the C-7
plumb line was posterior to the posterior-superior corner
of S-1, and a positive sagittal balance occurred when the
C-7 plumb line was anterior to the sacral promontory. If
the C-7 plumb line fell between the posterior-superior

FIG. 1. Modified posterior closing wedge osteotomy. A: The injured
intervertebral disc is removed and a portion of the compressed wedge
vertebra is left. B: Anterior spinal column achieves bone-on-bone solid
fusion. Transpedicular subtraction osteotomy. C: More bone is removed
than in modified posterior closing wedge osteotomy. D: The injured
intervertebral disc may still descend into the cancellous bone, which can
result in nonsolid anterior fusion. Copyright Eun-Min Seo. Published with
permission.

corner of S-1 and the sacral promontory, a well-balanced
condition was indicated. Radiological assessment of fu-
sion at follow-up was performed based on the presence of
trabecular bone bridging at the site of osteotomy.

Surgical time, operative blood loss, functional im-
provement, and complications, including intraoperative
and early postoperative events, were assessed using chart
reviews. Clinical outcome was measured using the Oswes-
try Disability Index (ODI), and back pain was assessed
using a visual analog scale (VAS) preoperatively and at fi-
nal follow-up.® The AIS for neurological deficits was used
before surgery and at follow-up.

Statistical Analysis

Measurements were performed by 2 independent ob-
servers using the PACS system (rt view, Infinitt). The in-
traobserver and interobserver agreement rate and K values
were calculated to assess errors between the 2 observers.
For statistical analysis, SPSS (version 17.0, IBM) was
used, and a p value < 0.05 was considered significant.

Results

The interobserver agreement rate was 87% (mean K =
0.65), and intraobserver agreement rate was 93% (mean K
= 0.77). The intraobserver and interobserver error analy-
ses showed good agreement.

The mean preoperative regional angle was 27.4° = 5.8°
([= SD] range 19°-42°). Immediately after the operation,
the mean regional angle was —2.2° = 5.1° (range —-10° to
4°), and it was —1.3° = 4.9° (range -9° to 4°) at the last
follow-up. The mean correction angle was 29.6° + 5.3°
(range 20°-41°). The difference in the mean preoperative
and postoperative regional angles was statistically signifi-
cant (p = 0.021). No obvious correction loss was noted at
the last follow-up. The sagittal vertical axis was decreased
from a preoperative mean of 2.4 = 2.75 cm (range —1.0 to
10 cm) to the last follow-up mean of 1.0 = 1.12 cm (range
—1.1 to 2.6 cm) with an average correction rate of 58.3%
(Table 2).

J Neurosurg Spine July 3, 2015 3



D.J.Joetal

TABLE 2. Radiological outcome in the 13 patients

Regional Kyphosis Angle (°)  Sagittal Vertical Axis (cm)

Case No. Preop Postop LastFU Preop Last FU
1 30.5 -2.5 -0.1 246 1.59
2 276 =741 -6.6 4.62 2.64
3 191 -10.1 -8.8 -0.95 -0.95
4 224 -84 A 0.53 -1.06
5 25.5 -0.5 1.0 1.4 0.8
6 31.2 2.0 2.5 0.7 0.7
7 28.3 2.8 3.0 2.8 1.5
8 27.8 3.8 4.2 11 0.5
9 28.8 -3.5 -2.2 21 11
10 23.3 3.7 4.0 4.4 2.3
1 29.6 0.5 0.9 1.3 0.6
12 20.5 -9.4 -8.8 0.9 0.9
13 41.6 0.5 1.2 10 2.3
FU = follow up.

The mean surgical time was 275 minutes (range 185—
360 minutes), with a mean intraoperative blood loss of
1585 ml (range 800-3000 ml) (Table 3). Some patients
exhibited a large amount of intraoperative blood loss due
to segmental vessel injury. Meticulous subperiosteal dis-
section was performed to expose the lateral wall of the
apical vertebra. However, the segmental vessels were often
injured during dissection because of adhesion of inflam-
matory granulation tissue around the apical vertebra. Con-
sequently, care was taken to protect the segmental vessels.
Intraoperative complications included 2 dural tears, 1
nerve root injury, and 1 superficial wound infection. All
dural tears were repaired primarily and did not result in
adverse sequelae. The nerve root injury resulted in post-
surgical radiculitis and was managed conservatively. The
superficial wound infection was treated successfully using
debridement, primary closure over drains, and antibiotic
therapy. There were no other severe complications.

The mean VAS back pain score decreased from a mean

TABLE 3. Clinical outcome data in the 13 patients

of 6.6 + 1.0 (range 5-8) preoperatively to 2 = 0.7 (range
1-3) at the last follow-up (p = 0.001), and the ODI score
decreased from a mean value of 55.4 = 16.0 (range 35-87)
preoperatively to 22.6 = 5.8 (range 16-35) at the last fol-
low-up (p = 0.001) (Table 3).

Some patients exhibited improved neurological func-
tion after surgery. The AIS grade was D in 6 patients and
Grade E in 7 patients at the last follow-up. The preopera-
tive AIS grade was C in 2 patients and improved to Grade
D. The preoperative AIS grade was D in 5 patients; 2 of
these patients improved to Grade E. However, 1 patient
with preoperative Grade E worsened in neurological func-
tion due to intraoperative nerve root injury, to Grade D
(Table 3).

All patients achieved bony fusion, which was con-
firmed based on the presence of trabecular bone bridging
at the osteotomy and intertransverse processes site using
radiographic evaluations, including AP and lateral views,
and CT scans (Figs. 2 and 3).

Discussion

Most thoracolumbar fractures have a good healing out-
come after adequate treatment. However, posttraumatic
thoracolumbar kyphosis can develop in a proportion of
thoracolumbar fractures despite adequate treatment. In ad-
dition, posttraumatic thoracolumbar kyphosis can develop
due to delayed or inappropriate treatment methods.?*?

Posttraumatic thoracolumbar kyphosis might be caused
by factors related to treatment of the injury, such as delayed
treatment, inadequate immobilization, weight bearing too
early, incorrect surgical procedure and fixation (posterior-
only surgery, short fusion segment, or prior laminectomy),
or improper choice of internal fixation devices, as well as
by factors unrelated to treatment, such as osteoporosis, os-
teonecrosis of the vertebral body, or Charcot spine.*?+%

In our study, posttraumatic thoracolumbar kyphosis
was caused by inappropriate conservative treatment, os-
teoporosis, or osteonecrosis of the vertebral body in 13
patients. Posttraumatic thoracolumbar kyphosis can lead
to the gradual collapse of the injured vertebra because of

Preop Last FU

Case No. Blood Loss (ml) Op Time (mins) AIS Score Back Pain VAS Score  ODI  AIS Back Pain VAS Score  ODI
1 2500 315 E 7 63 E 2 25
2 1600 295 D 8 72 D 3 31
3 3000 360 E 7 51 E 2 19
4 1500 305 C 5 44 D 1 17
5 1200 185 E 6 39 E 2 16
6 1000 240 D 7 51 D 2 23
7 800 245 D 6 45 E 2 24
8 900 270 E 6 54 E 2 20
9 1500 185 D 8 74 D 3 27
10 1800 315 C 5 67 D 1 22
11 1200 275 E 7 38 E 2 19
12 800 270 D 6 35 E 1 16
13 2800 320 E 8 87 D 3 35
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Modified posterior closing wedge osteotomy

FIG. 2. A: Lateral standing radiographs obtained in a 75-year-old woman who had severe back pain and both leg weakness
shows L-1 compression fracture and posttraumatic thoracolumbar kyphosis (regional angle 27.6°). She was treated using modified
posterior closing wedge osteotomy. B: Postoperative lateral standing radiographs show good sagittal alignment (regional angle
-6.6°). C and D: At follow-up 1.5 years after surgery, CT scans show bony fusion at the osteotomy site.

the direct force on the anterior and middle column of the
spine.

The biomechanical factors involved in the progression
of the posttraumatic thoracolumbar kyphosis include an
increase in the lever arm at the center of the gravity line
with respect to the wedged vertebra.®® The anterior ele-
ments of the spine fail under compression, and the poste-
rior elements fail under tension. This results in an increase
in the eccentric loads and increased wedging and kypho-
sis. With increased kyphosis, the intractable pain might
derive from the site of the deformity itself, the injured
disc, a bony nonunion, or the lordotic compensation above
and below the deformity site where additional stresses are
placed on the respective facet joints. In addition, the direct
compression of the spinal cord caused by the apical verte-
bral body, degenerative discs, hypertrophic ligaments, and
kyphosis stretching the spinal cord might result in neuro-
logical symptoms.'4-2332

The surgical treatment of posttraumatic thoracolum-
bar kyphosis remains controversial. Whether the angle of
kyphosis is the key factor indicating surgical therapy is
undecided. Bedbrook reported that there is no association
between kyphosis and pain, and patients reported no pain
even when the angle of kyphosis was greater than 40°.
However, Gertzbein and Harris considered that when the
angle of kyphosis exceeded 30°, the risk of pain increased

significantly and surgical correction was necessary.” Chen
et al. recommended that any kyphosis case with a kyphot-
ic angle of more than 20° requires surgical correction.®
In our study, the mean angle of kyphosis was more than
27.4°, and the patients exhibited abnormal posture, local-
ized symptoms, and/or neurological deficits. Another con-
troversial issue is whether patients with nerve damage and
longer fracture histories without local symptoms should
be treated using surgery. Bohlman et al. reported that for
patients with a fracture history of less than 2 years, surgi-
cal therapy obtains good therapeutic results.

Zhang et al. found that among patients with even longer
histories of fracture, 58% exhibited improved neurological
function after correction and decompression.*® The dura-
tion of the fracture is not an absolute factor that affects the
therapeutic outcome of surgical management. Therefore,
surgical treatment should be considered in cases of pain
that is intractable to nonsurgical management, progressive
deformity, or deteriorating neurological status.

The purpose of surgery is to restore the spinal se-
quence, relieve the direct compression of the spinal cord,
reconstruct spinal balance and stability, improve symp-
toms, and prevent deformity. Surgery to correct posttrau-
matic thoracolumbar kyphosis has taken several forms,
including anterior, posterior, and combined approach-
es.10172627 Posterior spinal fusion alone in the presence
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FIG. 3. A and B: AP and lateral standing radiographs obtained in a 70-year-old woman showing L-1 compression fracture and
posttraumatic thoracolumbar kyphosis (regional angle 41.6°). C: MR image shows severe spinal cord compression. D: The
patient was treated using modified posterior closing wedge osteotomy. E and F: Fifteen months later, postoperative AP and lateral
standing radiographs show good sagittal alignment (regional angle 1.2°) and bony fusion at the osteotomy site.

of existing kyphosis is not considered sufficient to treat
posttraumatic kyphosis, and some studies have suggested
that the anterior approach is better for vertebral compres-
sion fractures because the pathology is anterior.'> Kaneda
et al. and Kostuik and Matsusaki have reported successful
results for anterior decompression and stabilization using
anterior instrumentation for posttraumatic thoracolumbar
kyphosis.'>!® However, others have suggested that anterior
decompression and fusion should not be used alone to
correct rigid kyphosis and have recommended additional
posterior instrumentation and fusion to increase the rate
of arthrodesis.”” Therefore, there is a consensus that both
anterior and posterior factors should be managed to suffi-
ciently restore the alignment and obtain fusion in posttrau-
matic thoracolumbar kyphosis.?*?® Bohm et al. combined
dorsal decompression and fixation with ventral osteotomy
and grafting and achieved a mean angular correction of
22.5° in 40 patients.’ However, a 2-stage or 3-stage supine-
prone-supine procedure is associated with more incisions,
complications, and blood loss.

Currently, a single posterior approach is used most often
for correction of the posttraumatic kyphosis. Posterior ap-
proach surgical techniques include SPO, posterior closing
wedge osteotomy or pedicle subtraction osteotomy, and
single-stage posterior vertebral column resection.!*:72627
Smith-Petersen osteotomy is used mainly for posterior
column removal, shortening the posterior column, and
lengthening the anterior column but it is associated with
more neurovascular complications, lower fusion rate, and
increased incidence of loss of correction than posterior
subtraction osteotomy or posterior closing wedge osteoto-
my. Posterior closing wedge osteotomy or pedicle subtrac-
tion osteotomy shortens the posterior column but does not
lengthen the anterior column, lowering the risk of spinal
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cord injury and achieving high fusion rates and great cor-
rection angles.

Posterior closing wedge osteotomy or pedicle subtrac-
tion osteotomy in a single posterior approach was ad-
vocated by Heinig.!! One of the great advantages of the
circumspinal decompression is to allow a clear visibility
of the spinal cord and to ensure the absence of danger-
ously positioned structures around the spinal cord. Heinig
used a modification of the Michele and Krueger approach
and proposed the eggshell procedure to correct kypho-
sis, which consists of a closing wedge osteotomy.!'*! The
principle is to weaken the vertebra anterior to the cord,
remove all parts of the posterior elements, and produce a
controlled compression fracture, while carefully observ-
ing the spinal cord and roots. This approach is thought
to be reasonable because not only is deformity corrected
but also the moment arm of kyphotic deformity is short-
ened, without stretching the spinal cord. The major ves-
sels around the spine are also safe. This procedure was
later modified by Gertzbein and Harris to correct post-
traumatic kyphosis, and could achieved a mean of 30°
sagittal correction.” Kawahara et al. described a technique
of circumspinal decompression and closing-opening oste-
otomy using a single posterior approach to correct an an-
gular kyphotic deformity.”® Anterior decompression of the
spinal cord is possible by costotransversectomy, and pa-
tients with or without neurological deficits are considered
as suitable candidates for the procedure. In the 7 patients
treated, localized kyphosis was reduced from a mean of
67° to 18°, and the sagittal alignment was improved. Suk
et al. compared the surgical results between combined
anterior-posterior procedures and posterior closing wedge
osteotomy in posttraumatic kyphosis patients and believed
that posterior closing wedge osteotomy may result in bet-



ter correction, shorter operative time, and less blood loss
compared with anterior-posterior surgery.?® Therefore, the
posterior closing wedge osteotomy procedure has been
widely performed in posttraumatic kyphosis, with excel-
lent results without neurological deterioration.

However, a posterior closing wedge osteotomy proce-
dure is not always reasonable in cases of the posttraumatic
thoracolumbar kyphosis with a severely wedged vertebra.
The thoracolumbar junction is a transition between tho-
racic kyphosis and lumbar lordosis. The normal sagittal
alignment of the thoracolumbar junction is straight, and
there is no additional support from the rib cage. As such,
there is a tendency for the injured vertebrae to collapse
gradually and wedge in posttraumatic thoracolumbar ky-
phosis. Zhang et al. described that the pedicle region, and
the posterior part of the upper endplate and disc of the
injured vertebra are usually the apex of the posttraumatic
thoracolumbar kyphosis, which compresses on the spinal
cord.** When a regular posterior closing wedge osteotomy
or pedicle subtraction osteotomy is attempted at the site of
the severely wedged vertebra, it is inevitable that the col-
lapsed upper endplate is removed, and the lower surface of
the injured upper disc is exposed. When the closing proce-
dure is attempted, the damaged upper disc will rest on the
cancellous bone of the remaining vertebra. The damaged
upper disc might induce back pain. Furthermore, bony fu-
sion is difficult to achieve in this situation. Therefore, the
modified posterior closing wedge osteotomy technique
(posterior closing wedge osteotomy with removing the
injured upper endplate and upper disc) can achieve effec-
tive correction of kyphosis and solid fusion between the
inferior bony endplate of the upper vertebra and the rect-
angular lower half of the injured vertebra, which is of great
importance for back pain relief.

A correction angle within 45° is considered to be safe.
Heary and Bono used pedicle subtraction osteotomy to ob-
tain a mean correction angle of 51° without postoperative
complications.”” Wu et al. also reported a single-staged
posterior approach, posterior decancellation osteotomy,
and achieved a mean correction of 38.8° in rigid post-
traumatic kyphosis patients.?! Lehmer et al. reported on
38 patients who underwent pedicle subtraction osteotomy
surgery, with a 93% correction rate, and a 100% fusion
rate at final follow-up.’® Qiu et al. used pedicle subtrac-
tion osteotomy in 17 cases of kyphosis deformity caused
by old thoracolumbar vertebral fractures and obtained a
mean correction angle of 40° and a 100% fusion rate with
a marked improvement in clinical symptoms and neuro-
logical function.?

In our study, 13 patients were treated using a modified
posterior closing wedge osteotomy; the maximum correc-
tion angle was 41° and the mean correction angle was 29.6°.
Clinical symptoms were improved significantly by the time
of the final follow-up. Neurological function improved
from AIS Grade C to D in 2 patients and from AIS Grade
D to E in 2 patients; however, 1 patient with a preoperative
AIS Grade E had worsening neurological function to AIS
Grade D due to intraoperative nerve root injury.

Our study had limitations, including a small sample
size (13 patients) and a short follow-up period in some of
the patients.

Modified posterior closing wedge osteotomy

Conclusions

The surgical treatment of posttraumatic thoracolum-
bar kyphosis is a challenge. Although the modified pos-
terior closing wedge osteotomy procedure is technically
demanding, it achieves satisfactory kyphosis correction
with a direct visualization of the circumferentially decom-
pressed spinal cord, and good fusion with less blood loss
and complications. Therefore, the modified posterior clos-
ing wedge osteotomy technique is an alternative method in
patients with posttraumatic thoracolumbar kyphosis.
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