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Introduction
Osteoporotic vertebral fractures (OVFs) are widely prevalent [1, 
2] and are often treated conservatively [2]. However, surgical 
treatment may be necessary for pseudarthrosis, delayed nerve 
palsy, or kyphotic deformity, due to the patients’ decreased 
quality of life (QOL) [3]. An ideal reconstruction surgery should 

ensure stable fixation with minimal invasiveness to avoid 
adjacent-level fractures or kyphosis, which increases in 
proportion to surgical invasiveness.
Anterior-posterior short-segment spinal fusion using a wide-
foot-plate expandable cage and lateral lumbar interbody fusion 
(LLIF) cage may be an ideal procedure [4, 5]. However, this 
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Case Presentation: In 2020, we prospectively studied three patients (one male and two female patients; mean age, 75.1 years) who underwent 
posterior insertion of a lateral lumbar interbody fusion LLIF cage for kyphotic deformity due to osteoporotic vertebral fractures. OVFs. The 
affected levels were L1, T12, and T11 in patients one, two, and three, respectively. The cage trajectory was confirmed by simulating the procedure 
using PowerPoint® software. Radiological outcomes were assessed using the angle of local kyphosis pre-preoperatively and postoperatively, and 
the clinical outcomes and neurological complications were reviewed. We inserted the cage smoothly and optimally in all three patients without 
sacrificing the nerve root, consistent with our pre-operative simulations. The mean operation time was 405 min (range, 368–433 min), and the 
mean blood loss was 845 mL (range, 800–865 mL). The mean local kyphotic angle was 46.3° preoperatively and 16.3° two2 weeks 
postoperatively. The pre-operative low back pain disappeared in all the patients. Post-operative neurological complications occurred in two of 
the patients, but did not interfere with walking rehabilitation. 

Introduction: Stable fixation with a wide-foot-plate expandable cage and lateral lumbar interbody fusion (LLIF) cage has been reported as the 
ideal treatment for vertebral pseudarthrosis or deformity after an osteoporotic vertebral fracture. (OVF). The procedure requires anterior 
surgery, which may be associated with unique complications. Therefore, we performed a novel procedure consisting of posterior vertebral 
column resection (PVCR) using a lateral lumbar interbody fusion LLIF cage. 

Keywords: LLIFLateral lumbar interbody fusion cage, osteoporotic vertebral fracture, posterior vertebral column resection, posterior insertion, 
spinal deformity

PVCR.

Conclusion: The present study is the first to demonstrate that posterior insertion of a lateral lumbar interbody fusionLLIF cage is feasible in 
patients undergoing posterior vertebral column resection. 
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Surgical procedure

After 1–3 weeks, the second operation was performed. Using 
the same incision, the left side facet joint and adjacent laminae 
of the fractured vertebra were resected first. We then resected 
the disk adjacent to the fractured vertebra and performed 
transpedicular pediculectomy and vertebrectomy. The 
posterior wall and posterior longitudinal ligament were gently 
detached from the ventral surface of the dura mater and resected 
to the maximum extent. We connected a temporary rod to the 
left side and resected the right side in the same manner. The 
lateral wall of the fractured vertebra and osteophytes that 
developed adjacent to the upper and lower vertebrae was 
completely removed after the lateral wall blunt dissection, and 
the posterior wall was resected along with the posterior 
longitudinal ligament. We attempted a cage trial with a 
distraction force on the opposite or central side using the 
laminar distractor. If safe insertion was judged difficult in terms 

Case Report
This novel procedure is appropriate for patients with back pain 
or disability due to postural abnormality and for those with or 
without neurological symptoms, but not for patients with 
complete paralysis due to kyphotic deformity with severe 
anterior shortening malunion of a fractured vertebral body.
Pre-operative planning for cage insertion was performed as 
follows. Cage trajectory was confirmed using PowerPoint® 
(Microsoft Corp., Redmond, WA, USA) and simulated by 
moving a shape that accurately imitated the cage shape and size 
on the axial image of the fractured vertebra, obtained from pre-
operative computed tomography (Fig. 1). We confirmed that 
the cage could be inserted without even slight compression of 
the dura mater or excessive compression of the thorax.
Surgery was indicated for OVF malunion in the thoracolumbar 
spine, accompanied by severe low back pain that produced 
standing and gait abnormalities and decreased QOL. The 
patients’ clinical characteristics are listed in (Table 1).

approach is expensive [6, 7, 8] and may require additional 
anterior release in cases where local kyphosis in OVF malunion 
has not been corrected and requires an anterior surgical 
approach, which is, in turn, associated with complications [9]. 
Although Fukuda et al. reported a less invasive method using 
LLIF cages [5], it is difficult to achieve lordosis beyond the 
expandable cage in patients with anterior shortening; therefore, 
we considered a novel procedure comprising a posterior 
vertebral column resection (PVCR) using an LLIF cage.

The operation was initially planned as a two-stage procedure, 
involving pedicle screw insertion only (without rod fixation), 
followed by reconstructive surgery 1–3 weeks later. There were 
two reasons behind using a two-stage approach: First, to 
confirm the position of the patient under full paralysis at the 
initial surgery and to consider the method of anterior 
reconstruction, and second, to spread out the invasiveness. 
There is some debate about performing one-stage or two-stage 
surgery [10]. Nevertheless, since our surgical plan is to change 
the procedure based on intraoperative findings and reports have 
previously suggested that two-stage surgery is preferable for 
elderly patients, we decided to perform a two-stage surgery 
[11]. The patients were placed prone on the Relton-Hall frame 
to decrease kyphosis. The pedicle screw was placed above and 
below two levels or three levels if there were ankylosing changes 
in adjacent vertebrae, through a posterior midline incision. The 
pedicle screw (CREO system, Globus Medical, USA) adjacent 
to the cage was inserted under fluoroscopy as far as possible 
(Fig. 1).

76

Journal of Orthopaedic Case Reports Volume 12 Issue 4  April 2022 Page 75-78 |  |  |  | 

Itoi A et al

Age 

(years)
Sex Level Causes of osteoporosis BMD1 Time 

(min)

Bleeding 

(g)
Pre-KA2 Post-KA

55 F L1 Rheumatoid arthritis 0.719 368 870 52 20

74 F T12
Postmenopausal 

osteoporosis
0.518 414 800 42 18

77 M T11

Type 2 diabetes, 

alcohol consumption, 

and smoking

0.977 433 865 45 11

Table 1: Patient and surgical characteristics

1Bone mineral density: The average femoral neck bone mineral density, measured using dual-energy X-

ray absorptiometry (HOLOGIC, USA); 
2
kyphotic angle

Figure 1: Pre-operative simulation in the PowerPoint® software and the first stage of the operation. The first 
stage involved pedicle screw insertion only without rod fixation. The pedicle screw was inserted adjacent to 
the cage as far as possible.

Figure 2: (a) Whole spine radiograph. (b) Computed tomography showing the unstable 
T11 fracture. (c) Whole spine standing radiograph 2 weeks postoperatively. The local 
kyphosis angle decreased from 37° to 10°. The patient started walking a few days after the 
surgery. The pre-operative low back pain resolved completely.



of the spinal cord safety or nerve roots, as envisaged in the pre-
operative plan, the procedure was converted to a combined 
anterior-posterior approach or the nerve root was sacrificed. 
After confirming that the cage was properly positioned using 
fluoroscopy, the cage (OLIF25; cross-section, 40–45 mm; 
length, 18 mm; angle, 6°; Medtronic Sofamor Danek, USA), 
filled with milled local bone, was inserted into the cavity with 
gentle exiting nerve root retraction and without contacting the 
dura mater. Once the cage was positioned appropriately, 6.0 mm 
titanium alloy rods were applied to the pedicle screws, and the 
cage was fixed with compressive force to correct kyphotic 
deformity and spinal column shortening. Augmentation was 
performed using a rod and side connector that was stronger 
than the cross-links. Finally, the remaining milled local bone 
and demineralized bone matrix (Grafton Matrix Strips; 
Medtronic Sofamor Danek, USA) were embedded in the 
posterolateral side of the columns for posterolateral fusion. 
Intraoperatively, echocardiography and motor-evoked 
potentials were used to confirm the spinal cord status. 
Approximately 1–2 days postoperatively, the patients were 
allowed to get out of bed while using a thoracolumbar orthosis 
frame.

The cage could be inserted smoothly and optimally in all 
patients without touching the dura mater or sacrificing the 
nerve roots. Furthermore, motor-evoked potentials were 
maintained at ≥75%, pre-operative back pain disappeared 
quickly, and walking gradually recovered to pre-operative levels 
or higher. The mean follow-up period was 9 months (range: 
6–12), and post radiographs at the final follow-up visit showed 
no signs of cage migration, implant failure, or adjacent-level 
kyphosis and fractures.

In all three representative cases of posterior insertion of a wide 
LLIF cage during the PVCR procedure, the cage insertion was 
smooth, pre-operative back pain disappeared quickly, and the 
patients’ walking level gradually recovered to pre-operative 
levels or higher. Recently, Fukuda et al. reported good results for 
interbody fixation with LLIF cage between fractured vertebrae 
using the usual LLIF technique for old OVF [5]. However, in 

principle, it is difficult to achieve lordosis using this method. 
This is because it is theoretically impossible to gain kyphosis by 
crushing the vertebral body that had a vacuum phenomenon 
and supporting them with the lateral walls while leaving the 
posterior column intact. Therefore, the technique described by 
Fukuda et al. [5] is not indicated for cases where kyphosis is 
related to the complaint. 

The PowerPoint® software aided in the pre-operative 
simulation of the insertion trajectory. It was necessary to 
confirm the feasibility of the procedure preoperatively to ensure 
nerve protection. Although PowerPoint® can only display two-
dimensional details, this did not limit our planning approach 
since we only required confirmation of organ location on a 
single plane. In all three cases, we used a length of 18 mm 
anteroposteriorly to ensure reliable insertion.
We performed a two-stage surgery under anesthesia to confirm 
the reduction position and to reduce surgical invasiveness. 
Thus, it was essential to preoperatively confirm whether the 
acceptable correction could be achieved without osteotomy or 
vertebral resection. Further, it is important to confirm the 
position of the maximum reduction in the pre-operative awake 
state  and to  know how wel l  i t  can be  reproduced 
intraoperatively. Ultimately, the most appropriate method for 
pragmatic evaluation of these factors is to use the lateral 
radiographic view in the prone position under general 
anesthesia.

A representative case of a 77-year-old man with a T11 vertebral 
fracture is shown in (Fig. 1, 2). The patient had been 
experiencing pain in the lower back for 20 months following an 
injury. This report was approved by the appropriate ethics 
review board, and all the patients provided written informed 
consent.

Using the LLIF cage in PVCR requires sufficient posterolateral 
soft-tissue expansion and resection of the vertebral body’s 
lateral walls. In this study, the LLIF cages with widths of ≥40 
mm were inserted posteriorly in all the patients after simulation. 
In the third case, partial resection of the left 11th rib was 
necessary; however, in the other two cases, expansion of the 
surgical field beyond that required for PVCR was not required.

Two of the three patients had post-operative neurological 
complications with persistent motor dysfunction, which did 
not interfere with walking rehabilitation. These complications 
occurred immediately after the surgery in the second patient 
and after initiating loading in the third. The second patient 
developed mild numbness in both thighs that persisted 
regardless of posture and motion, possibly caused by 
intraoperative epiconus injury. The third patient developed 
post-operative symptoms associated with an injury around the 
right T10 root, which improved gradually. His symptoms 
appeared late postoperatively. Consequently, an intraoperative 
injury was ruled out. Although the most likely explanation was a 
hematoma, this was not evident in post-operative magnetic 
resonance imag ing.  Intraoperat ive  ultrasound and 
neurophysiologic monitoring are essential for preventing 
neural complications, although nerve root sacrifice is 

Clinical outcomes and case summaries are as follows

Discussion
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While our proposed surgical method helps avoid anterior 
insertion of the LLIF cage, it does not decrease the invasiveness 
of the PVCR procedure. Although we used a transverse 
connection with 5.5 mm rods to increase the fixation force and 
decrease the fusion level, the impact of these two surgical 
choices could not be assessed. In addition, the correction of the 

kyphotic deformity was approximately 30°. However, this did 
not help to achieve satisfactory results consistently and remains 
a technical challenge that must be addressed.

The present study is the first to demonstrate that posterior 
insertion of a LLIF cage is feasible in patients undergoing 
PVCR. This report highlights the possibility that the cages for 
LLIF can be inserted posteriorly.

Conclusion

sometimes necessary. It is critical to thoroughly check for the 
absence of compression and spinal cord extension and the nerve 
roots before and after the correction. Ultrasound findings 
revealed that the spinal cord was bent posteriorly in all the 
patients but without flattening. Motor-evoked potentials 
exhibited no abnormal decrease in intensity, and motor 
paralysis did not occur. The only adverse post-operative 
symptom was a sensory disturbance. To prevent and detect 
these complications, gentle and sufficient resection of the 
posterior longitudinal ligament and posterior wall, extensive 
laminectomy, and gentle correction is necessary, and 
somatosensory evoked potentials may also be considered. Clinical Message

LLIF cage can be inserted posteriorly during PVCR . 
However, careful planning and optimized technique are 
necessary. A wide cage for posterior insertion may be 
developed in the future.
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