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Abstract

Background: To report to the orthopedic community a case of vertebral fracture and adjacent vertebral

subluxation through the upper instrumented vertebra after thoracolumbar fusion with augmentation of the cranial

level.

Methods: This report reviewed the patient`s medical record, her imaging studies and related literature. The

possible factors contributing to this fracture are hypothesized.

Results: A 70-year-old woman underwent decompressive surgery and posterolateral fusion for adult lumbar

scoliosis. We used pedicular screws from T10 to S1 and iliac screw at the right side, augmented with cement at T10,

T11, L1, L5 and S1; and prophylactic vertebroplasty at T9 to avoid the "topping-off syndrome".

Thirty days after discharge, without recognizable inciting trauma, the patient complained of pain in the lower

thoracic area. The exam revealed overall neurological deficit below the level of fracture.

CT scan and MRI demonstrated a T10 vertebral collapse and T9 vertebral subluxation with morphologic features of

flexion-distraction fracture through the upper edge of the screw.

At this point, the authors performed posterior decompression at T9 to T10 and extended posterolateral arthrodesis

from T2 to T10.

To our knowledge, this is an unreported fracture.

Conclusions: Augmentation of the cranial level in a long thoracolumbar fusion has been developed to avoid the

junctional kyphosis and compression fractures at that level. We alert the orthopedic community that this

augmentation may lead to further and more severe fractures, although this opinion requires investigation for

confirmation.

Keywords: Adult deformity, Proximal junctional fracture, Vertebroplasty

Background

Adjacent segment problems are well documented after

spinal fusion. In osteoporotic patients with decreased

bone strength and spinal fusion there is a higher risk of

acute proximal collapse, due to the increased stiffness of

the fused spinal segment that increases loads and motion

within adjacent segments [1].

Several risk factors have been described for this “topping-

off syndrome”: length of the fusion construct, reduced

sagittal plane lordosis, female gender, age over 60 years

and presence of osteoporosis [2].

Vertebral augmentation with cement (vertebroplasty

or kyphoplasty) is a percutaneous procedure performed

to stabilize vertebral insufficiency fractures and increase

the mechanical strength of the fractured vertebral bodies.

This procedure produces significant pain relief with limited

complications in most patients undergoing this treatment
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for osteoporotic vertebral compression fractures [3,4].

However, this procedure has a well-known complication:

the increased risk of adjacent vertebrae compression frac-

tures. Nevertheless percutaneous vertebral augmentation

has a role in the prevention of further fractures of the

spine adjacent to a multilevel lumbar fusion.

We are aware of only two studies [1,5] assessing the

value of vertebral augmentation as a prophylactic tool in

the elderly or osteoporotic patients undergoing extended

lumbar spine fusion; Hart et al. [1] hypothesized that

routine prophylactic vertebral augmentation is cost-

effective in patients older than 60 years undergoing

extended lumbar fusions ending craneally within the

thoracolumbar junction in comparison to the costs of

revision surgery for patients suffering from proximal

junctional acute collapse cranial to a multi-level lumbar

fusion.

Watanabe et al. [6] describe two groups of adult

patients with proximal vertebral fractures following

spinal deformity surgery using segmental pedicle screw

instrumentation without cement augmentation: upper

instrumented vertebral collapse + adjacent vertebral sub-

luxation and those with supra-adjacent vertebral fracture

alone. The first group presented a shorter interval between

the initial surgery and the fracture, hypokyphosis in the

thoracic area before primary surgery and 40% had a severe

neurologic deficit. Those authors proposed several risk

factors for proximal junctional fracture: old age, osteope-

nia, severe global imbalance and marked correction of

sagittal malalignment [6].

In this paper, we report a case of vertebral collapse at

the upper instrumented level with adjacent vertebral

subluxation after thoracolumbar fusion with augmenta-

tion at both levels, hypothesize about the possibility of

an increased risk of this complication due to the effects

of the vertebral augmentation and alert the orthopedic

community about this phenomenon.

Case presentation

A 70-year-old woman with degenerative lumbar scoliosis

suffering severe low back pain and neurogenic claudica-

tion, aggravated during ambulation, underwent decom-

pressive laminectomy at L4-L5 and posterolateral fusion

with a reasonably good result. Four years later, her con-

dition had worsened including neurogenic claudication

and low back pain. Her primary care doctor referred her

to our service as a new patient. At this point, the x-ray

(Figure 1) and MRI showed a left lumbar curve with a

34ª; Cobb angle between T11 and L4, anterolateral lysth-

esis at L2-L3-L4-L5 and central and subarticular lateral

recess stenosis. We used titanium 5.5 mm fenestrated

pedicular screws (Expedium, DePuy Spine, Raynham,

Figure 1 Preoperative p-a (A) and lateral (B) x-rays demonstrating degenerative lumbar scoliosis with anterolateral lystesis at L2-L3-L4

and L5.
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MA, USA) on both sides at each level from T10 to S1

and an iliac screw in the right side (Figure 2), augmented

with cement at T10, T11, L1, L5 and S1 (Confidence

Spinal Cement System, DePuy Spine, Raynham, MA,

USA) and prophylactic vertebroplasty at T9 to avoid the

“topping-off syndrome”. There were no intraoperative

pedicular fractures and special care was taken to pre-

serve the structures of the tension band (posterior

ligaments, facet joints, multifidi muscles) in the segment

above the instrumentation.

The patient had a torpid postoperative recovery,

complaining of pain in the thoracolumbar area, but her

ability to perform different physical activities increased

daily. The x-ray on day 3 post-surgery showed no

abnormal finding. She was discharged walking 8 days

after surgery.

One month after discharge, without recognizable incit-

ing trauma, the patient complained of increasing sponta-

neous pain in the lower thoracic area and neurological

impairment in the lower limbs. Physical examination

revealed tenderness in the lower thoracic spine without

a palpable defect between the posterior spinous pro-

cesses. Neurological examination was abnormal without

associated injuries. The motor exam revealed an overall

decrease in lower limbs muscle strength (2/5 on the left

leg, and 3/5 on the right leg) with inability to walk, and

response in the patellar and Achilles reflexes was

increased, Babinsky reflex was positive on both sides and

abnormal bladder and bowel function were reported.

The initial supine radiographs showed a slight junc-

tional kyphosis but no indications of vertebral fracture.

CT scan (Figure 3) and MRI (Figure 4) demonstrated a

collapse and wedging of the T10 vertebral body and a

distraction pattern injury at the upper edge of the screw

in the T10 pedicles, rupture of the posterior elements at

T9-T10 with a high signal intensity consistent with

hemorrhage and edema and subluxation at the cranial

level. Abnormal intracanal tissue was noted compressing

the spinal cord.

With the confirmation of a T10 vertebral compression

fracture with subluxation of the adjacent level and neuro-

logical impairment, the authors performed posterior

Figure 2 Postoperative p-a and lateral x-rays showing a posterolateral arthrodesis from T10 to S1 and iliac screw in the right side,

augmented with cement at T10, T11, L1, L5 and S1. Prophylactic vertebroplasty at T9 was performed to avoid the “topping-off syndrome”.

Balanced profile in both frontal and sagittal planes were obtained.
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decompression at T9-T10 and extended posterolateral

arthrodesis (Figure 5) from T2 to T10 using bilateral

pedicular screws augmented with cement at T2,T3,T4,T5

and T6, and non-cemented screws at T8 (Expedium-

Confidence Spinal Cement System, DePuy Spine,

Raynham, MA, USA). Samples of the intracanal tissue

were obtained for histological study, which reported a

ring of fibrous and vascular tissue compatible with soft

fracture repairing callus.

The patient had prompt improvement in back pain

and was mobilized routinely. At 3 months follow-up, she

was able to walk without pain and the neurological

exploration was normal.

Conclusions

A number of previous studies have reported periopera-

tive and postoperative complication rates in adult spinal

deformity surgery of up to or more than 40% [7]. One

major complication is a compression fracture of the last

instrumented and/or the supra-adjacent vertebral body

[7], this requires reintervention and extension of spinal

fusion.

Augmentation of pedicle screws with PMMA or cal-

cium phosphate cement has been shown to improve the

initial fixation and fatigue strength of instrumentation

in osteoporotic vertebrae, and it also decreases the

likelihood of compression fracture at the same level [8].

Additional vertebroplasty of the neighboring 1 to 2

uninstrumented levels has been applied attempting to

avoid the junctional kyphosis and compression frac-

tures of cranial vertebrae.

As mentioned before, Watanabe et al. [6] described

two patterns of proximal vertebral fracture following

spinal deformity surgery in adults receiving segmental

pedicle screw instrumentation: upper instrumented ver-

tebral collapse + adjacent vertebral subluxation and supra-

adjacent vertebral fracture alone. In an attempt to avoid

these complications in our patient, we augmented the

upper instrumented vertebra and its adjacent level, but

this created excessive distractive stress in the posterior ele-

ment, resulting in a compression fracture of the upper

instrumented vertebral body (even after being augmented

with cement) with distraction of posterior elements and

pedicles through the upper edge of the screw and subluxa-

tion of the adjacent level.

We hypothesize that vertebral augmentation could

increase the risk of this complicated fracture. There are

several factors that might lead to this complication:

� Incomplete cement filling of the vertebra can create

an area of weakness between two cemented areas

(from the edge of the upper screws and the

cranially-adjacent cemented vertebra) that behaves

like an osteoporotic vertebra between two cemented

vertebras.

� The insertion of the pedicular screw leads to pedicle

weakness.

� Ending the instrumentation construct just below the

apex of the postoperative thoracic kyphosis is too-

frequently associated with junctional kyphosis/

fractures [9-11].

The case presented here is concerning. The juxtaposi-

tion of these factors, partial vertebral cement filling, a

positive sagittal balance and structurally-weakened pedi-

cles may set the scene for a very early posterior element

distraction failure combined with a compression fracture

in the uncemented area.

Ending the construct too low, just below the apex of

the kyphosis, can predispose to junctional kyphosis and

compression fracture at the cranial level. According to

the preoperative radiographs, the upper instrumented

vertebra (T10) was located several levels below the apex

(T8). In an attempt to improve the preoperative sagittal

imbalance we surgically increased the lumbar lordosis

(from 45ª; preoperatively to 62ª in the postoperative x-

ray), this may have led to a new sagittal profile and a

greater kyphosis, moving the level of the apex. Attention

should be paid to this point, because excessive bending

Figure 3 Computed tomography revealing a collapse and

wedging of the T10 vertebral body and distraction pattern

fracture at pedicles through the upper edge of the screw, with

anterior subluxation of T9.
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of the rod in the lumbar spine can facilitate the migra-

tion of the thoracic kyphosis apex.

We think that the augmentation of the upper instru-

mented vertebra and the supra-adjacent level, in an

attempt to avoid the complications described by

Watanabe et al. [6], does not solve the problem and

may lead to further and more severe fractures, like

the one described in this paper, although this opinion

Figure 4 Two sagittal MRI views showing rupture of posterior elements at T9-T10 with high signal intensity and abnormal intracanal

tissue compressing the spinal cord.

Figure 5 Post-revision surgery p-a (a) and lateral (b) x-ray. The fusion was extended to T2 with decompression at T9-T10, using bilateral

pedicular screws augmented with cement at T2, T3, T4, T5 and T6. Satisfactory profile in both frontal and sagittal planes were obtained.
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requires biomechanical and/or clinical investigation

for confirmation.

Our service has used this technique successfully in

more than 15 patients in the last two years. To date, this

is the only occurrence of this complication. When suc-

cessful, vertebral augmentation of the cranial level in a

long thoracolumbar fusion solves the topping off

syndrome and avoids major disabilities.

This is a single case report and does not completely

explain high incidence of complications in the junctional

level after surgery for adult spinal deformity. Our

purpose is to alert the orthopedic community to this

phenomenon.

We would advise that any patient with a long thoraco-

lumbar fusion with cranial level augmentation be closely

monitored.
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