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Adult Spinal Deformity
Justin Smith, MD, PhD

University of Virginia Medical Center – Spine Center

Patient History. An 80-year-old woman presented with chronic 
back pain and severe right lower extremity radiculopathy that 
significantly progressed over the last year and limited her 
physical activities. She could stand or walk for only short periods 
and tried epidural steroid injections, physical therapy, and 
medications with no durable benefit. Otherwise neurologically 
intact, both motor and sensory. PMH/PSH: aortic valve stenosis 
with AV replacement, pacemaker, colorectal cancer (surgically 
treated), hypertension, and atrial fibrillation (on Eliquis). 

Diagnosis. This patient had a diagnosis of thoracolumbar 
scoliosis that was presumed to be degenerative due to a lack 
of history of scoliosis before her 50’s. Imaging findings included: 
rigid scoliosis with a coronal Cobb angle of 39 degrees, 
significant lateral slip of L3 on L4, autofusion of L1-L3 due to 
prominent lateral osteophytes in the concavity of the coronal 
curve, extensive severe facet arthropathy, and multilevel right 
greater than left severe lumbar foraminal stenosis (Figure 1).

Surgical Plan and aprevo® Implant Design. The goals of 
surgical treatment included multilevel decompression to relieve 
radicular pain, arthrodesis across the levels of spinal deformity, 
and sufficient deformity correction to facilitate decompression 
and ensure adequate global alignment in the coronal and sagittal 
planes. An asymmetric pedicle subtraction osteotomy (PSO) 
could be performed in the rigid autofused apex of her coronal 
curve but given her age and the inherent risks of a PSO, this 
approach was not ideal. Therefore, key to her surgical plan was to 
maximize the deformity correction achievable through her open 
disc spaces at T11-L1 and especially from L3-S1. The operative 
plan included: T11-S1 posterior instrumented arthrodesis, iliac 
bolts, T12-S1 posterior column osteotomies, and L4-5 and 
L5-S1 transforaminal lumbar interbody fusions (TLIF) using 
personalized aprevo TLIF spacers. In addition, use of a proximal 
junction tether was planned to provide proximal junctional 
support and a third iliac bolt was planned to anchor an accessory 
rod. The L4-S1 aprevo® TLIF spacers were designed to match 
the disc spaces to optimize bony contact, to provide sufficient 
segmental lordosis, and to maximize coronal correction of the 
fractional curve (Figure 2). TLIFs were designed for insertion 
from the right side.

Figure 1. Preoperative radiographs.

Figure 2. aprevo® 3D preoperative plan.
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L5/S1 22 36.32 7.7 1.0
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Parameter Plan Post-op Plan Achieved
L4-L5

Lordosis 5° 8° ✔

Post. Height 8 mm 7 mm ✔

Coronal Angle 5° 2° ✔

L5-S1

Lordosis 22° 17.7° ✔

Post. Height 7 mm 7 mm ✔

Coronal Angle 0° n.m.

Lumbar

Lumbar Lordosis 62° 59° ✔

Coronal Angle 16° n.m.

Intra- and Post-Operative Observations. Pedicle and iliac 
screws, as well as osteotomies, were performed using standard 
techniques. For the TLIFs, a temporary rod was placed on 
the contralateral (left) side and locking caps were placed with 
distraction across the interspace. On the right side, a pedicle 
screw distractor was placed on the screw heads and gently 
distracted. A nerve root retractor was used to protect the thecal 
sac and a scalpel was used to incise the disc space. A series 
of rotating shavers were then used to perform the bulk of the 
discectomy, but care was taken to not disrupt the bony endplates. 
Once the rotating cutter size reached the point of contacting the 
vertebral endplates, ring curettes were then used to complete 
the discectomy and prepare the endplates. A blunt paddle sizer 
was used to simulate the trajectory for the aprevo® implant. 
Biologics and bone graft were placed in the voided disc space. 
The aprevo spacers were then inserted with the aid of lateral and 
AP fluoroscopy images to confirm appropriate placement (depth 
and angle). The aprevo® app was also used to help confirm 
spacer positioning (Figure 3). The case was then completed with 
placement of rods (including an iliac accessory rod), proximal 
junctional tether placement, and use of biologics and bone graft 
for arthrodesis.
 
The total operative time was 4.5 hours, and the estimated blood 
loss was 1.2 L. There were no apparent complications. The 
patient was discharged home after 6 days of hospital stay.

Planned vs. Achieved Alignment. Postoperative and follow-
up radiographs demonstrated good correction of her scoliosis 
and very good coronal and sagittal global alignment (Figure 4). 
Her pelvic incidence to lumbar lordosis mismatch (PI-LL) was 
corrected from 19 degrees to 4 degrees. The achieved combined 
lordosis between L4-S1 of 25.7 degrees compared favorably with 
the plan of 27 degrees. The posterior height goal was sufficiently 
achieved at these levels as well, and the planned coronal angle 
at L4-5 was achieved (Figure 5).

Clinical Follow-Up. The patient is now almost 1 year following 
surgery. She remains without any evidence of complication. 
Her back and leg pain have resolved, and she only notes back 
“stiffness”. She has resumed her activities and is very pleased 
with her outcome.  

Figure 3. Personalized  aprevo® TLIF interbody devices for L4-L5 and L5-S1.

Figure 4. Radiographs 6-month post-op.

Figure 5. Planned vs. achieved alignment.
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Adult Degenerative Disease
Hani Malone, MD

Scripps Health, San Diego, CA

Diagnosis.  Progressive grade 2/3 anterolisthesis with lateral 
listhesis and resultant coronal/sagittal deformity: The patient’s 
progressive listhesis and deformity were likely secondary to an 
iatrogenic pars fracture during revision decompression. This 
created L4/5 instability with a progressive spondylolisthesis 
that eroded the L4/5 disc and endplates, creating a dysmorphic 
trapezoidal L4 vertebrae and focal coronal deformity (Figure 1). The 
focal deformity at L4/5 produced downstream compensatory effects 
– effectively creating scoliosis and malalignment in both the coronal 
and sagittal planes. 

Surgical Plan and aprevo® Implant Design. L4-S1 ALIF with 
aprevo® cages with posterior MIS pedicle screw fixation. Our plan 
was informed by three primary objectives: 

Figure 1. Preoperative radiographic and CT images. 

Figure 2. aprevo® 3D preoperative plan.

P63° LL 39°    PI - LL -24°  CORONAL 1°

Level Lordosis Angle 
to S1

H-ANT 
(mm)

H-POST 
(mm)

L1/L2 2°  39° 5.8 3.8

L2/L3 2° 48° 1.2 0.5

L3/L4 14° 28° 7.1 1.4

L4/L5 0° 8° 1.9 3.5

L5/S1 0° 0° 0.5 0.9

PI 51° LL 55°    PI - LL -19°  CORONAL 5°

Level Lordosis Angle 
to S1

H-ANT 
(mm)

H-POST 
(mm)

L1/L2 9°  55° 4.7 3.2

L2/L3 3° 67° 2.0 0.5

L3/L4 15° 44° 7.9 1.1

L4/L5 5° 23° 12.8 10.0

L5/S1 11° 11° 11.0 6.4

PRE-OP

PLAN

Patient History. The patient is a very nice 61 year old oncology 
nurse who helps patients with their chemotherapy infusions at our 
institution.  Her past medical history is significant for osteoporosis 
and includes two prior lumbar microdiscectomy surgeries at L4/5. 
Although her L5 radicular symptoms initially improved after revision 
decompression at L4/5, her back pain intensified, and her radicular 
pain soon returned. She unfortunately developed progressive 
bilateral (R>L) L4 and L5 radiculopathy with foot drop.

1) Reduce the patient’s anterior and lateral listhesis at L4/5.
2) Correct the patient’s sagittal deformity
3) Correct the patient’s coronal deformity (at L4/5 and globally)
The patient is highly committed to caring for her oncology patients 
and was averse to the downtime associated with a traditional open 
deformity correction. Thus, the task was to construct a surgical 
plan that would address her deformity (in addition to her slip) via a 
circumferential “MIS” approach. 
The unique challenge in this case was the patient’s trapezoidal L4 
vertebra, which was driving her progressive coronal deformity. In 
the past, we have attempted rotating hyper-lordotic ALIF cages into 
the coronal plane to account for this vertebral dysmorphism, but 
in this case, doing so would forfeit the sagittal correction needed 
– leaving the patient with an unbalanced spine vulnerable to rapid 
adjacent segment degeneration.
In my opinion, this is a perfect application of a personalized 
interbody implant. After uploading the patient’s CT and x-ray imaging 
into the aprevo® software platform, we were able to generate a 
circumferential MIS reconstruction that accounted for the patient’s 
biplanar deformity and listhesis. Importantly, lateral bending films 
confirmed that the patient’s compensatory coronal changes 
were flexible. Incorporating these data into the aprevo® planning 
software allowed us to limit fusion to L4-S1, with the reassurance 
that a personalized  implant designed to dramatically correct a focal 
deformity at L4/5 would not produce global coronal malalignment. 

X-Ray

CT
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Intra- and Post-Operative Observations. There is very little 
difference in the surgical technique employed when using a 
personalized aprevo® implant compared to a stock interbody device. 
Meticulous endplate preparation is important with avoidance of tools 
and techniques that could damage the endplates – but of course, 
this is true for all interbody fusion. The aprevo® tends to “find its 
spot,” meaning there is haptic feedback to the surgeon, similar to a 
key in a lock, confirming that the implant has settled into the unique 
topography of the interspace (Figure 4). 
Given the collapse of the L4/5 space, we had prepared to use an 
undersized version of the implant designed for that level, but wide 
release of the ALL/annulus allowed us to stay true to our plan.

Planned vs. Achieved Alignment (post-op radiographs).
Figures 5 and 6 compare the postoperative correction we 
achieved to our preoperative plan. Without posterior osteotomies, 
we limited our planned lordosis correction to what I thought could 
be reliably obtained, but we were able to exceed this from L4-S1, 
which given the patient’s PI and Roussouly type, will lead to a 
more harmonious sagittal correction.  Perhaps most importantly, 
the personalized implant facilitated near complete reduction of 
the grade 2/3 anterolisthesis and lateral listhesis – and, in doing 
so, corrected the catalyst of her coronal deformity.

Clinical Follow-up. The patient was discharged on postoperative 
day 2 with immediate improvement in her radiculopathy 
and ambulatory function. At 6 weeks, her radicular pain had 
resolved, as had approximately 90% of her back pain. Upright 
x-rays at 3 months confirmed maintenance of her correction with 
no evidence of early subsidence or failure. Her footdrop has 
improved considerably (2/5 to 4/5), and she is working hard with 
Physical Therapy to maximize her strength. Of course, she has 
long since gone back to caring for her oncology patients full time.  

Figure 4. Pre-op coronal CT and intra-op fluoroscopy post correction. Figure 5. Pre-op x-rays, aprevo® plan, and 6-week post-op x-rays.

Figure 6. Planned vs. achieved alignment.

Pre-Op Plan Post-Op

Figure 3. Personalized aprevo® ALIF interbody devices for L4-L5 and L5-S1.

Parameter Plan Post-op Plan Achieved
L4-L5

Lordosis 5° 10° ✔

Post. Height 10 mm 7 mm ✔

Coronal Angle 8° n.m.

L5-S1

Lordosis 11° 15° ✔

Post. Height 6 mm 6 mm ✔

Coronal Angle 3° n.m.

Lumbar

Lumbar Lordosis 55° 58° ✔

Coronal Angle 8° n.m.
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Adult Degenerative Disease
Chun-Po Yen, MD

University of Virginia Medical Center - Spine Center

Patient History. 74-year-old male with a history of left L2-3 
discectomy for low back pain and left leg pain complicated by 
postoperative diskitis and epidural abscess. He underwent L2-3 
debridement and instrumented fusion and his low back pain and 
left leg pain resolved. He presented with recurrent low back pain 
and new right anterior thigh pain. 

Diagnosis. His images demonstrated previous L2-3 instrumented 
fusion and progressive L3-4 degeneration with collapsed disc 
space on the right with foraminal stenosis.

Surgical Plan and aprevo® Implant Design. The patient 
underwent left L3-4 lateral lumbar interbody fusion with aprevo® 
cage and revision L2-4 posterior instrumentation to restore the 
right foraminal height and correct the scoliosis.

Figure 1. Preoperative images.

Figure 3. Personalized  aprevo® LLIF interbody device for L3-L4.

Figure 2. aprevo® 3D preoperative plan.

PI 51° LL 70°    PI - LL -19°  CORONAL 5°

Level Lordosis Angle 
to S1

H-ANT 
(mm)

H-POST 
(mm)

L1/L2 6°  70° 6.9 4.2

L2/L3 1° 67° 0.2 0.5

L3/L4 9° 50° 8.8 4.6

L4/L5 15° 41° 11.1 4.8

L5/S1 13° 24° 10.7 6.3
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L5/S1 13° 24° 10.7 6.3

PRE-OP

PLAN

X-Ray
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CT
Mylelogram
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Intra- and Post-Operative Observations. Intraoperative 
fluoroscopic images showed the placement of L3-4 aprevo® 
personalized interbody cage. The implant was designed to 
match the uneven endplate contour, restore the disc height on 
the right, and correct the scoliosis. 

Planned vs. Achieved Alignment. At L3-4, the coronal Cobb 
angle decreased from 10.2 degrees to 0.6 degrees following the 
surgery and a favorable segmental lordosis of 10.7 degrees was 
achieved. The aprevo® cage achieved the planned alignment goals.

Clinical Follow-Up. Patient’s low back pain and right leg pain 
resolved following the procedures. He  continues to do well at 
6-month follow-up and returns to his active life style.

Figure 4. Intraoperative fluoroscopic images. Figure 6. Pre-op  and 6-week post-op x-rays.

Figure 7. Planned vs. achieved alignment.

Pre-Op Plan Post-Op

Parameter Plan Post-op Plan Achieved
L3-L4

Lordosis 9° 10.7° ✔

Post. Height 7.6 mm 6.0 mm ✔

Coronal Angle 3° 0.6° ✔

Lumbar

Lumbar Lordosis 70° 68.81° ✔
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