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ABSTRACT

Background: In osteoporotic vertebral fractures (OVF) involving neurological symptoms and severe kyphosis,
vertebral osteotomies are necessary but are associated with a high risk of complications.

Methods: We performed a retrospective study. In 14 patients (mean age, 69.3 years old) with unstable
thoracolumbar fractures associated with severe kyphosis, a posterior instrumentation with polymethylmethacrylate-
augmented screws and a modified pedicle subtraction osteotomy (PSO) at the fracture level were performed to stabilize
the spine and correct the kyphosis. The underlying principle behind the osteotomy’s technique was to exaggerate the
defect caused by the fracture and shorten the spine: (1) completion of a wide laminoforaminotomy, (2) use of successive
reamers rotated in the pedicle at a 25° angle in the axial plane to obtain its complete decancellation, (3) insertion of the
reamers in a more medial orientation (55°) to collapse the posterior wall, and (4) breakage of the lateral wall.
Radiographic and clinical outcomes were analyzed pre- and postoperatively. Complications were reported.

Results: Functional scores improved after surgery. Oswestry disability index and visual analog scale scores
decreased significantly (33 and 4 points, respectively). Patient satisfaction rate reached 93%. Average postoperative
regional vertebral kyphosis was decreased to 3.79°. No dural tear or neurological injuries were observed. Blood loss of
920 mL (=350 mL) and two mechanical complications were reported.

Conclusions: OVF can lead to severe deformities. In osteoporotic bones, the use of sequential reamers can
simplify the PSO technique, allowing for the shortening and stabilization of the spine without manipulating the dural

sac. The risk of neurological injuries and blood loss is decreased.

Level of Evidence: 4.

Minimally Invasive Surgery

Keywords: pedicle subtraction osteotomy, decancellation technique, osteoporotic vertebral fractures, kyphosis, spine

trauma, osteoporosis, spinal instability, complications

INTRODUCTION

The treatment of osteoporotic vertebral fractures
(OVF) represents a formidable challenge for socie-
ties, health systems, and spine surgeons. In aging
populations, the incidence of OVF has risen up to
1.4 million a year." At least 50% of the osteoporotic
fractures that occur in the United States are
vertebral fractures.” Forty percent of patients older
than 80 years will suffer from an OVF.?

Although the majority of OVFs are relatively
benign and can be treated conservatively, 30 to 40%
of the fractures present complications® that can
require surgical treatment. The presence of neuro-
logical symptoms, instability at the fracture site
causing delayed neurological deficits, significant
radiological spinal canal compromise, instability at

the disc-vertebral junction, posttraumatic kyphosis,
and intractable pain that is not alleviated by
conservative treatments have been described as
indications for surgery.>”’

A wide variety of techniques and approaches
have been described to stabilize the spine, decom-
press the spinal neural elements when necessary, and
alleviate pain, including postero-lateral,”'%'" ante-
rior-posterior,®!'? hybrid surgery,”'? etc. In specific
and complex cases involving severe kyphosis (more
than 30°) and/or sagittal malalignment, vertebral
osteotomies have been recommended.'* These tech-
niques have a high potential of correction of
malalignment but are technically demanding and
subject to high risk of complications. OVFs
frequently occur in older patients who present
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Table 1. Demographic data.

Table 2. Fracture description.

Charlson

Patient T-score T-score Morbidity ASA

no. Age Gender Hip Vertebral Index, % Score BMI
1 67 Female -24 —-2.3 90 3 26.6
2 76  Female 3.5 —1.6 77 2 31.6
3 77 Female 2.7 -2.7 53 3 323
4 64 Female —3.3 —-34 53 3 28.8
S 82 Female —-34 —-3.8 30 2 25.4
6 71 Female —-34 —4.2 90 3 15.6
7 69 Female —3.2 -2.1 26 2 26.5
8 55  Female -3 -2 52 3 32.0
9 66 Male —-2.3 -1.9 21 3 25.0
10 79 Female -3.5 —4.8 96 2 20.6
11 75 Female —4.3 -3.5 53 2 34.7
12 74 Female -3 -2.1 26 2 28.9
13 78 Female —3.2 -3.6 85 3 36.4
14 38 Female -39 —5.2 90 3 17.5

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index.

important comorbidities. In these frail patients, long
surgeries combining anterior and posterior ap-
proaches are not well supported.

The objective of this study is to present some
technical variations of classical pedicle subtraction
osteotomies to take advantage of the specific
characteristics of the osteoporotic bone and simplify
the technique of the osteotomy to make the surgery
less invasive and decrease the risk of neurological
injuries to the spinal cord.

METHODS

Patient Population

Between 2008 and 2018, we enrolled 14 patients
with unstable fractures associated with thoracolum-
bar kyphosis or sagittal malalignment. The patients
included 13 females and 1 male with a mean age of
69.3 years at the moment of surgery. All the patients
presented severe osteoporosis assessed by densitom-
etry. Body mass index, Charlson comorbidity index,
and American Society of Anesthesiologists scores
were obtained for all the patients before surgery
(Table 1).

The mechanism of action excluded high energy
trauma, and the fractures were related to stress or
low energy falls. The presence of neurological
deficits was identified in 5 patients. Two patients
were graded C, and three other patients were graded
D on the American Spinal Injury Association
impairment scale. The vertebral fractures affected
the thoracolumbar junction in almost all the cases (7
were identified at L1, 5 at T12, 1 at T10 and TI11,
and 1 at L3). Average kyphosis at the fractured level
was 29.4° (Table 2).

Patient Level of the

no. Fracture Preop VK Preop RK ASIA Scale
1 L3 29 34 D
2 T11 40 53 E
3 T12 25 47 C
4 L1 21 31 E
5 L1 13 26 E
6 T12 33 45 E
7 T12 28 30 E
8 L1 26 33 E
9 T12 45 47 D
10 T11 31 49 E
11 L1 41 45 D
12 L1 29 38 E
13 L1 15 17 C
14 T12 36 43 E

Abbreviations: ASIA, American Spinal Injury Association; Preop RK,
preoperative regional kyphosis; Preop VK, preoperative vertebral kyphosis.

In the absence of neurological deficits, all the
patients were initially treated with a row of
conservative treatment with brace, pain killers,
and rest. The presence of neurological symptoms
or severe kyphosis associated with persistence of
intractable pain despite treatment were the main
arguments for surgery. The study was performed
with the approval of the ethics committee under the
project number EOQ62/2016.

Clinical and Radiological Outcomes

Radiographic parameters were measured with
validated software (Surgimap). To analyze the
correction of kyphosis obtained during the surgery
and its maintenance after 2 years, regional kyphosis
and vertebral kyphosis were measured preoperative-
ly, postoperatively, and at final follow-up (2 years).
Regional kyphosis was defined as the Cobb angle
between the inferior platform of the adjacent
vertebra below the fractured vertebra and the
superior platform of the adjacent vertebra above
the fractured vertebra, and vertebral kyphosis was
defined as the Cobb angle between the upper and
the lower platform of the fractured vertebra (Figure
1). Functional improvement was assessed thanks to
standardized health-related quality of life question-
naires, including pre- and postoperative Oswestry
disability index (ODI) and visual analog scale (VAS)
for back and leg pain.

Mean operation time and intraoperative blood
loss were assessed. Intraoperative, early, and late
complications were cautiously reported. Mechanical
complications, such as loss of correction, instrument
failure, screw loosening, and proximal or distal
junctional kyphosis were specially monitored.
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Figure 1. Regional and vertebral kyphosis.

Description of the Technique

Patient Preparation

After proper identification of the patients and prior
informed consent, patients were taken to the
operating room. General anesthesia and preopera-
tive antibiotics were administered as per anesthesia
protocol. The patients were then placed in a prone
position on a four-poster frame. All weight-bearing
surfaces were carefully padded. Neuromonitoriza-
tion with somatosensory and motor evoked poten-
tials was performed for all procedures. Once sterile
preparation and drape of the thoracic and lumbar
region were performed, timeout was completed.

Osteotomy

Approach. A posterior incision was made at the level
of the fractured vertebra followed by dissection
down to the fascia, which was spit midline. A
subperiosteal dissection was carried out to the bony
elements of the spine. The laminas of fractured
vertebra and the upper and lower adjacent vertebras
as well as the starting points for the pedicle screws
above and below the osteotomy were exposed. In

general, a construct planned with two levels above
and below was enough.

Fixation and Decompression. To give time for the
polymerization to occur and to avoid loosening of
the screws,'” we began with the insertion of
polimethylmethacrylate-augmented pedicle screws
at the upper and lower adjacent vertebrae. Freehand
pedicle screw insertion was used for all cases. Once
inserted, cement injection was controlled by fluo-
roscopy with the C-arm in lateral projection. All the
fenestrated screws were injected with a mean of 3
mL of cement per screw in the lumbar spine and 2.5
mL for thoracic screws. A stepwise injection
technique was followed to monitor closely cement
flow in real time. If cement leakage was observed,
the injection was stopped immediately.

Then, a wide laminoforaminotomy at the frac-
tured level was performed to decompress the spine.
The decompression was extended up to the distal
lamina of the lower vertebra and proximal lamina
of the upper vertebra. Once the laminoforaminot-
omy was completed, the pedicles of the fractured
vertebrae were circumscribed bilaterally. The exit-
ing roots above and below the pedicle were
identified on both sides and protected during the
procedure.

Osteotomy. The first step of the osteotomy begins
by inserting a spike in each pedicle to clearly
identify its limits. Then, successive reamers similar
to those used to prepare the disk in transforaminal
lumbar interbody fusion are placed and rotated in
the pedicle with 20 to 25° of angulation in the axial
plane. This gesture is safe as the dural sac is
protected by the medial wall of the pedicle.
Reamers from 7 mm to 11 mm are placed until a
complete decancellation of the pedicle is obtained
(Figure 2).

At this point, for the second step of the
osteotomy, the reamers were inserted again but this
time in a much more medial orientation to fragilize
the posterior wall (55-60° of angulation in the axial
plane). The osteoporotic bone is easily removed
with each rotation of the reamer, and, once realized
bilaterally, the posterior wall collapses. As the
objective is to collapse the posterior wall, there is
no need to deepen the reamers more than 25 mm.
During this step, the dural sac was protected all the
time by the posterior longitudinal ligament that will
not be removed. Temporal stabilizing rods can be
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Figure 2. Description of the technique. (A) Axial view of the insertion of the reamers. (B) Decompression with a wide laminoforaminotomy of the fractured level
(anterior posterior view). (C) Anterior posterior view of the insertion of the reamers (step 1: 25° of angulation in the axial plane; step 2: 55° of angulation in the axial

plane).

placed at this point; however, as the lateral wall is
still intact, this is not absolutely necessary. The last
step of the osteotomy is the breakage of the lateral
walls, which is performed with an osteotome at each
side. The osteotome must not be deepened more
than 25 mm. Finally, the osteotomy is closed gently
with slight compression (Figure 3). Auto and
allografts were placed in the posterior spine.

Length of the Construct. Two different techniques

have been used. In our first cases, the objective was
to instrument as short as possible, taking advantage

A

of the greater purchase of expanded screws to create
short constructs (Figure 4). To decrease the risk of
proximal (PJK) or distal junctional kyphosis, the
technique evolved to longer instrumentations using
minimally invasive techniques. For these cases,
percutaneous incisions were made for the placement
of the upper and lower end of the instrumentation.
Once the fascia was open, 8 fenestrated screws were
inserted percutaneously. Each screw was expanded
with 2 to 4 mL of polymethylmethacrylate cement
under continuous image intensifier visualization,

Figure 3. Description of the osteotomy in the sagittal plane. (A) Kyphosis caused by the fracture. (B) Planification of the osteotomy. (C) Closure of the osteotomy.
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Figure 4. L1 osteotomy, open technique.

depending on the level (thoracic or lumbar). A
subcutaneous rod was then inserted from top to
bottom under the fascia. The distal screws were
locked first. The compression was done between the
screws of T10 and T12. The collapse of the posterior
wall allows a compression of the fracture and an
excellent correction of the local kyphosis. The upper
screws were finally locked. The fascia and skin were
closed (Figures 5 and 6).

Postoperative Care. To decrease pain and improve
comfort, the use of a brace in standing position is

Figure 5. T12 osteotomy. Longer construct with percutaneous screws.

recommended during 2 months to all the patients. If
no contraindication is observed, treatment with
teriparatide (PTH 1-34) is applied for 2 years as a
secondary prevention to OVF.

Statistical Analysis

Measurements were performed using the picture
archiving and communication system. For statistical
analysis, SPSS (version 17.0, IBM) was used, and a
P value of <.05 was considered significant. To
assess clinical and radiological differences pre- and
postoperatively, paired ¢ tests were performed.
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Figure 6. (A, B) Minimally invasive alternative of the technique. (C, D) Inclination of the reamers.

RESULTS

The osteotomy was performed in 14 patients.
Demographic data are summarized in Table 1. All
patients were at least American Society of Anesthe-
siologists Il and presented fragile conditions as
illustrated by the Charlson index.

As kyphosis is a key factor to decide to perform
an osteotomy, correction of kyphosis was one of the
most important variables to analyze. The mean
preoperative angles were 29.4° for vertebral kypho-
sis (range, 45° to 15°; standard deviation (o), 10.26)
and 38.3° for regional vertebral kyphosis (range, 17°
to 49° o, 11.2). Immediately after the operation,
both angles were significantly reduced. Average
postoperative vertebral kyphosis was decreased to 0°
(range, 4° of kyphosis to 3° of lordosis; o, 9.3) and
postoperative regional vertebral kyphosis to 3.79°
(range from 12° of kyphosis to 7° of lordosis; o,
14.05). The mean correction angles for vertebral
kyphosis and regional kyphosis were 32° and 39°,
respectively (Table 3). At final follow-up, kyphosis

Table 3. Kyphosis correction.

correction was maintained in all patients. Cement
leakage was observed in 10.2% of cemented
vertebrae. According to Yeom’s classification,'® we
found type-B leakage (epidural leakage) in 3.9%,
type-S leakage (lateral venous leakage) in 9.6 %,
and type-C leakage in 1 vertebra. No cases of discal
leakage were identified. No rod fractures or
mechanical complications were observed at the level
of the osteotomy.

Functional scores highlight an important im-
provement in the quality of life of the patients after
surgery. ODI and VAS scores decreased significant-
ly with a decrease of 33 points in ODI and of 4
points in back VAS. Both results exceed the
minimum clinically important difference of 20%
for ODI'” and 2.2 points for VAS.'® The 4 patients
with neurological deficits improved at least one level
on the American Spinal Injury Association scale.
The overall patient satisfaction assessed by an
enquiry at final follow-up showed a satisfaction
rate of 93%.

Patient no. Level of the Fracture Preop VK Preop RK Postop VK Postop RK Correction VK Correction RK
1 L3 29 34 -2 -3 31 37
2 Tl1 40 53 -2 -3 42 56
3 TI2 25 47 -5 15 30 32
4 L1 21 31 -3 =5 24 36
5 L1 13 26 -1 8 14 18
6 Ti12 33 45 2 7 31 38
7 TI2 28 30 0 3 28 27
8 L1 26 33 4 12 22 21
9 Ti12 45 47 3 11 42 36
10 Tl 31 49 2 3 29 46
11 L1 41 45 0 -3 41 48
12 L1 29 38 0 -3 29 41
13 L1 15 17 -3 -7 18 24
14 T12 36 43 4 4 32 39

Abbreviations: Preop, preoperative; Postop, postoperative; RK, regional kyphosis; VK, vertebral kyphosis.
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Table 4. Medical and surgical complications.

Patient no. Complications

1 Postsurgical spinal epidural hematoma
2 None

3 Superficial wound infection
4 None

5 None

6 Proximal junctional kyphosis
7 None

8 None

9 None

10 Pulmonary embolism

11 Pneumothorax

12 Proximal junctional kyphosis
13 None

14 None

Mean hospital stay was 15.43 days but presented
a large variability (range from 7 to 35 days).
Excluding 4 patients with social problems that
stayed longer, the mean hospital stay was 9.7 days.
The mean loss of blood was 920 = 350 mL. Forty-
three percent of patients needed a transfusion in the
immediate postoperative period. Mean surgical time
was 270 minutes (range, 200-350 minutes).

Two medical complications were reported: 1
patient presented with a pulmonary embolism, and
another a presented with a pneumothorax. Both
conditions were treated successfully during the
postoperative period. Surgical complications includ-
ed 2 PJK that required revision surgery. Patient 6
presented with Parkinson’s disease as a comorbid-
ity, and patient 12 had a very short construct. Since
this mechanical complication, we have increased the
length of the constructs. A postsurgical epidural
hematoma and 1 superficial infection of a seroma
were also reported. No dural tear or neurological
injuries were observed (Table 4).

DISCUSSION

When it comes to evaluating and treating
vertebral fractures, osteoporosis is a game changer.
Osteoporosis compression fracture patterns do not
fit well in classical classifications like the AO Spine
classification for vertebral fractures, and, as a result,
specific classifications have been developed.'®?
Moreover, as these fractures occur on fragile bones
and in frail patients, indications for surgery are not
always clear. Although conservative treatment is the
first line of treatment, some patients need more
aggressive solutions. In the presence of vertebral
instability, persistent and intense pain, severe
kyphosis, or neurological issues, surgery is recom-
mended.

The objectives of surgery are to stabilize the
spine, reduce the kyphosis, decompress the spinal
cord when necessary, and avoid reinterventions in
frail patients. However, to reach these goals,
different strategies and approaches have been
described, and controversies on which is the best
treatment still exist.

Anterior surgery has been recommended by many
authors.®?! Okuda?' advocates anterior spinal
fusion in patients with osteoporotic vertebral
collapse at the thoracolumbar junction with neuro-
logical deficits and a unique fracture. Direct
decompression of retropulsed bony fragments and
reconstruction of a stable anterior column are the
main advantages. However, this approach has been
related to high comorbidities in elderly patients.*
Okuda?®! also reported the difficulty in maintaining
sagittal alignment in osteoporotic patients through
anterior-only approaches, insufficient fixation, or
postoperative adjacent vertebral collapse. He also
stressed the difficulty of salvage surgeries for deep
surgical site infection in anterior surgeries.

Posterior and anterior approaches combine the
advantages of a strong fixation and a direct anterior
decompression.” However, the two approaches
significantly increase the surgical time and may
need to stage the surgery. As stressed by Kim et al**,
long operation time and abdominal or thoracic open
surgery are more likely to cause postoperative
complications in elderly patients.

For these reasons, our belief is that an all
posterior approaches that could restore kyphosis,
decompressing the spine and providing a strong
fixation would be ideal. This approach has been
largely defended for osteoporotic vertebral col-
lapse.'®!%372% To correct sagittal deformities creat-
ed by the fractures, osteotomies may be necessary.
Their use has been described for sagittal corrections
in spinal deformities®® but also in the context of
osteoporotic fractures.'>**® Morbidity and com-
plications are high, up to 45%.,*** and major
complications are increased 7 times in patients older
than 69 years.>

To reduce the morbidity of the surgery in these
complex cases, some authors have proposed mod-
ifications of the technique of the osteotomies.'**
Kim et al*® performed a wedge osteotomy caudal to
the superior endplate of the injured vertebra.
According to these authors, this technique has the
advantage of preserving the posterior neural arch
and provides a bed for fusion. However, Jo at al'*
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performed a transpedicular decancellous procedure
creating a wedge resection space toward the
intervertebral disk, showing good results in kypho-
sis correction as well as bony fusion. Both tech-
niques aim at shortening the spine to decrease
mechanical and neurological complications.

In this cohort, we have observed that the
modifications of the classical decancellation tech-
nique presented in our study simplify the osteotomy
technique and decrease the risk of neurological
injuries as well as blood loss.

Pedicle subtraction osteotomies are normally
used in rigid and fixed deformities to correct sagittal
malalignment. They are key techniques in “spinal
reconstruction surgeries”. In highly osteoporotic
patients, the low quality of the bone requires us to
adapt to a different environment. The underlying
principle behind our technique is to shorten the
spine by collapsing the posterior wall. It can be
understood as the opposite of a reconstruction
surgery. We are aiming at exaggerating the defect
caused by the fracture and completing the collapse
of the vertebra. In many cases, the posterior wall
and the pedicles are responsible for the vertebral
kyphosis as the anterior column is already collapsed
(Figure 1). By completing the collapse of the
fracture, we correct the kyphosis.

However, as the sac is not manipulated at any
moment of the procedure, we have not reported any
neurological injuries or dural tears. In fact, the
spinal cord is protected all the time by the medial
wall of the pedicle or by the longitudinal posterior
ligament, which decreases the risk of injury. Blood
loss has also been reduced, probably due to a very
limited manipulation of the epidural venous plexus
and by compacting the bone during the osteotomy.

Mechanical complications (and more specifically
PJK) are frequent complications in patients who
underwent vertebral osteotomies.>”! Their etiology
is multifactorial.** Potential modifiable risk factors
include greater curvature correction and residual
sagittal imbalance, and nonmodifiable factors in-
clude older age (>55 years old), severe preoperative
imbalance, low bone density, presence of comor-
bidity, and high body mass index.>* In our series, we
have reported the occurrence of two cases of PJK, 1
in a patient with Parkinson’s disease and another in
a patient with a very short construct. Both of them
underwent revision surgery. To limit the risk of
mechanical complications as much as possible, we
have designed a different strategy with respect to the

length of the instrumentation. Initially, our objec-
tive was to implement an instrumentation as short
as possible. We have shifted towards longer
instrumentation performed with minimally invasive
surgical technique, percutaneous screws, and sub-
cutaneous rods (Figure 6). The choice of fusion
levels must be carefully planned and is a fundamen-
tal part of the surgical planning.

Also, we have generalized the use of cement-
expanded screws as they provide a better resistance
to pull out, allow for shortening the length of
instrumentations, and decrease the risk of screw
loosening. Their use is safe and efficient for the
treatment of patients with low bone mineral
density.** As reported by many authors,** 7 the
presence of polimethylmethacrylate in the spinal
canal is infrequent and, in most of the cases,
clinically irrelevant. To reduce the risk of leakages,
cementation is realized very slowly, leaving 1 minute
between each milliliter of cement.®

Finally, in adult deformity surgeries, nonfusion
leads to rod fractures at the site of the osteotomy. In
the lumbar spine, the use of bone morphogenic
protein, allograft, autograft, anterior support, or
multirod constructs have been recommended to
avoid these complications. In our series, although
our technique may not always lead to a solid fusion,
no rod fractures at the site of the osteotomy have
been observed. In our opinion, in older patients, the
complete collapse of the vertebra and the shortening
of the spine make the provision of additional
support with cages or bone morphogenic protein
unnecessary.

Limitations

Limitations of this study are the relative short
case series as well as the short follow-up period.

Moreover, as many of our patients did not
tolerate standing position before surgery, preoper-
ative sagittal malalignment was not routinely
assessed.

CONCLUSION

OVEFs are complex and challenging fractures.
They can lead to severe deformities and produce
high morbidity in older and fragile patients. The
ideal technique should allow for stabilization of the
spine at the fracture site, reduce the kyphosis, and
decrease morbidity and revision rates.
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In this article, we have described a simplified
technique of pedicle and posterior wall decancella-
tion that helps to correct the kyphosis produced by
osteoporotic fractures and decreases the risk of
blood loss or neurological injuries.
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