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Abstract 

One important factor in obtaining bony fusion in open posterolateral arthrodesis surgery is the bone graft chosen for the procedure. The gold 
standard is autograft bone in the form of Iliac Crest Bone Graft, but with limited supply and co-morbidities related to harvesting, surgeons have 
investigated alternative options. One alternative is synthetic calcium phosphate, which is increasingly used in place of autograft because of its 
efficacy, reasonable cost, low incidence of adverse reactions, and reduced need to harvest large amounts of autologous bone. MagnetOs Flex 
Matrix is a collagen containing synthetic biphasic calcium phosphate bone graft which harnesses the power of osteoimmunology through its 
NeedleGripTM surface topography. This surface topography polarizes macrophages to the M2 pro-healing phenotype, which in turn signals to 
mesenchymal stem cells to differentiate to osteoblasts and promote bone growth. Traditionally, collagen containing bone grafts are made with a 
tightly crosslinked type one collagen that takes 6-8 weeks to resorb once implanted. Kuros Biosciences invented MagnetOs Flex Matrix with an 
open fibrillar network of type one collagen made to reduce the collagen resorption time and increase the surface area of the bone graft. An open 
fibrillar collagen allows the surface features of the MagnetOs Granules to be exposed to the host tissue. This case series reviews five lumbar and 
cervical posterolateral spinal fusions in a challenging patient population. In each of the cases there was evidence of fusion at early timepoints, 
with radiographic signs including bony bridging, evidence of trabecular bone, and cortical ridges at the fusion site. Additionally, all of the patients 
reported improvement in patient reported outcome scores when utilizing MagnetOs Flex Matrix. 
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Introduction 

One important factor in obtaining a solid fusion in open 
posterolateral arthrodesis surgery is the bone graft chosen for 
the procedure. The gold standard is autograft bone in the form of 
Iliac Crest Bone Graft, but with limited supply and co-morbidities 
related to harvesting, surgeons have investigated alternative 
options [1]. 

Furthermore, recent literature has demonstrated significant 
variability in autograft due to age, metabolic disease, and other 
factors [2]. As a result, multiple products have entered the market 
as an alternative or adjunct to autograft bone. One alternative 
is synthetic calcium phosphate, which is increasingly used in 
place of autograft because of its efficacy, reasonable cost, low  

 
incidence of adverse reactions, and reduced need to harvest large 
amounts of autologous bone [3-5]. MagnetOs Flex Matrix is a 
collagen containing synthetic biphasic calcium phosphate bone 
graft which harnesses the power of osteoimmunology through 
its NeedleGripTM surface topography. This surface topography 
polarizes macrophages to the M2 pro-healing phenotype, which 
in turn signal to mesenchymal stem cells to promote bone growth 
[6-11] *†. 

In addition to the benefits of synthetic bone grafts, the variety 
of handling properties in this category are especially useful for 
surgeons. Specifically, formulations with collagen are popular 
because of improved handling capabilities, the ability to lay the 
graft in long strips in the posterolateral gutter, and the capacity 
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to wick up bone marrow aspirate or blood. Traditionally, these 
bone grafts are made with a tightly crosslinked, highly woven 
type-one collagen that takes 6-8 weeks to resorb. Because of this, 
Kuros Biosciences investigated the use of collagen with an open, 
fibrillar network as opposed to a tightly crosslinked network 
(See Figure 1).  By using an open fibrillar network, the surface 
features of the MagnetOs Granules obtain immediate contact with 

host tissue, thereby polarizing M2 macrophages and signaling to 
mesenchymal stem cells to promote bone growth. Additionally, in 
laboratory testing against other collagen products, MagnetOs Flex 
Matrix demonstrated greater wickability, a high granule to volume 
percentage which means less shedding of granules, and a flexible 
structure which is not brittle when dry and retains its structural 
properties when wet [6]. 

Figure 1: Example of MagnetOs Flex Matrix (a), and the characteristic submicron surface topography of MagnetOs Granules (b). The highly 
fibrillar collagen matrix provides cohesion of the granules without inhibiting their submicron surface topography, the mode-of-action for bone 
regeneration. 

The purpose of this case series is to assess time to and efficacy of radiographic success, functional outcomes, and pain scores 
following on-label use of MagnetOs Flex Matrix in an open posterolateral fusion case series. 
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Case 1

A 51-year-old female with a history of low back pain and lower extremity radiculopathy presented with a VAS score of 10. Her past 
surgical history included a cholecystectomy and a previous L4-L5 lumbar fusion. Her past medical history included asthma, fibromyalgia, 
gastroesophageal reflux disease, hyperlipidemia, and seizures. The patient underwent an open posterolateral lumbar L3-S1 revision 
decompression and fusion using MagnetOs Flex Matrix and autograft and experienced no complications post-operatively. The patient had 
significant improvement post-operatively with resolution of symptoms and a post-operative VAS score of 4. Furthermore, at 12-weeks 
post-operatively, x-ray images show consolidation of MagnetOs Flex Matrix and fusion of the posterolateral fusion components with 
hardware in good position and anatomic alignment of the lumbar spine. See Radiographic Image Series 1 for radiographic details of this 
case.

Radiographic Image Series 1

Pre-operative anterior-posterior (AP) (1a) and lateral (1b) x-rays demonstrating previous L4-L5 arthrodesis with instru-
mentation intact and evidence of pseudoarthrosis. There is adjacent segment disease at L3-L4 and L5-S1.

Pre-operative Computed Tomography (CT) Myelogram (1c and 1d).

1a 1b

1c

1d
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Immediate post-operative coronal CT (1e) showing revision surgery and early granular appearance of MagnetOs Flex 
Matrix in the posterolateral gutters bilaterally. 

Two-week post-operative AP (1f) and lateral (1g) x-rays demonstrating reduced granularity and early signs of fusion. 

Twelve-week post-operative AP (1h) and lateral (1i) x-rays showing consolidation and resorption of MagnetOs Flex  
Matrix with remodeling of the bony fusion site.

1e

1f 1g
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Case 2

A 64-year-old male with a history of low back pain and lower extremity radiculopathy presented with a VAS score of 9. His past 
surgical history included a cervical fusion and prostatectomy. His past medical history included hypertension, hyperlipidemia, osteoar-
thritis, prostate cancer, gastroesophageal reflux disease, chronic obstructive pulmonary disease, and gastrointestinal bleed. The patient 
underwent an open posterolateral lumbar L4-S1 decompression and fusion using MagnetOs Flex Matrix and autograft, as well as an 
interbody fusion. There were no complications post-operatively. The patient had significant improvement with resolution of symptoms 
and a VAS score of 5 at two-weeks post-operatively. The patient had post-operative imaging which showed consolidation and fusion at 
the fusion site six-months post-operatively. See Radiographic Image Series 2 for radiographic details of this case. 

Radiographic Image Series 2

Pre-operative MRI (2a) and CT (2b) demonstrating grade 3 spondylolisthesis at L4-L5 with degeneration and flattening 
of the L5 vertebra.

Immediate post-operative coronal CT image (2c) showing MagnetOs Flex Matrix in the posterolateral gutters.

2a

2b

2c
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Two-week post-operative AP (2d) and lateral (2e) x-rays demonstrating reduced granularity and early signs of fusion with 
MagnetOs Flex Matrix in the posterolateral gutters.

Twelve-week post-operative AP (2f) and lateral (2g) x-rays show consolidation and resorption of MagnetOs Flex Matrix 
with remodeling of the bony fusion site.

Six-month post-operative AP (2h) and lateral (2i) x-rays show posterolateral arthrodesis with trabecular bone at the pos-
terolateral gutters and a cortical rim, indicative of solid bony fusion.

2d 2e

2f 2g

2h 2i
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Case 3

A 73-year-old female with a history of low back pain, lower extremity radiculopathy, and weakness presented with a VAS score of 
10. Her past surgical history included total knee arthroplasty. Her past medical history included hypertension, hyperlipidemia, mood 
disorder, scleroderma, and chronic anemia. The patient underwent an open posterolateral decompression and fusion at L4-S1 using  
MagnetOs Flex Matrix and autograft, and the patient experienced no complications post-operatively. The patient had significant im-
provement post-operatively with a resolution of symptoms and an improvement in VAS score to a 3.  X-ray imaging at 12-weeks post-op-
eratively demonstrated a fusion bridge with bone remodeling and graft resorption, coupled with trabecular structure and loss of gran-

ular appearance at the fusion site. See Image Series 3 for radiographic details of this case.

Radiographic Image Series 3

Pre-operative AP (3a) and lateral (3b) x-rays and pre-operative CT (3c) demonstrating grade 2 spondylolisthesis at L4-L5 
with diffuse lumbar degenerative changes.

Immediate post-operative coronal CT images (3d) showing a granular appearance of MagnetOs Flex Matrix in the postero-
lateral gutters. 

3a 3b

3c
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Two-week post-operative AP (3e) and lateral (3f) x-rays demonstrating reduced granularity and early signs of fusion with 
reduction of the spondylolisthesis. 

Twelve-week post-operative AP (3g) and lateral (3h) x-rays showing consolidation and resorption of MagnetOs Flex  
Matrix with remodeling of the bony fusion site.
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Case 4

A 61 year-old male with a history of low back pain, lower extremity radiculopathy, and weakness presented with a VAS score of 10. 
His past surgical history included a cervical arthrodesis and bilateral knee arthroscopy. His past medical history included hyperten-
sion, hyperlipidemia, gastroesophageal reflux disease, diabetes mellitus type 2, chronic obstructive pulmonary disease, and pulmonary 
fibrosis. The patient underwent an open posterolateral fusion and decompression from T10-pelvis using MagnetOs Flex Matrix and 
autograft. He experienced no complications post-operatively. The patient had significant improvement after surgery with a resolution 
of symptoms and an improvement in VAS score to a 3. X-ray imaging at 5-months post-operatively demonstrated a fusion bridge with 
bone remodeling and graft resorption, coupled with trabecular structure and loss of granular appearance at the fusion site. See Image 

Series 4 for radiographic details of this case.

Radiographic Image Series 4

Pre-operative AP (4a) and lateral (4b) x-rays and pre-operative MRI (4c) demonstrating significant arthritic changes with 
degenerative disc disease, cord compression, and loss of lumbar lordosis.

Immediate post-operative CT showing MagnetOs Flex Matrix in the posterolateral gutters (4d).

4d
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Two-week post-operative AP (4e) and lateral (4f) x-rays showing MagnetOs Flex Matrix in the posterolateral gutters. The 
granular appearance is fading as bone forms at the fusion site.

Five-month post-operative AP (4g) and lateral (4h) x-rays showing consolidation of the fusion sites with trabecular bone 
formation, bridging of the fusion gaps, and a cortical rim.

4e 4f
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Case 5

A 62 year-old male with a history of upper extremity weakness, gait instability, myelopathy, and neck pain presented with a VAS 
score of 8. His past surgical history included a total knee arthroplasty and a knee arthroscopy. His past medical history included gas-
troesophageal reflux disease, hyperlipidemia, diabetes mellitus type 2, chronic obstructive pulmonary disease, and a hearing disorder. 
The patient underwent an open anterior C3-C6 discectomy and fusion with a posterior C2-T2 decompression and fusion. MagnetOs Flex 
Matrix and autograft were used for the posterior portion of the case. The patient experienced no complications post-operatively. The 
patient had significant improvement after surgery with a resolution of symptoms .  X-ray imaging at 12 months post-operatively demon-
strated a fusion bridge with bone remodeling and graft resorption, coupled with trabecular structure and loss of granular appearance 
at the fusion site. See Image Series 5 for radiographic details of this case.

Radiographic Image Series 5 

Pre-operative coronal (5a) and sagittal (5b) CT scans and pre-operative MRI (5c) demonstrating a cervical spine with disc 
degeneration, bony arthritic changes, cord compression at multiple levels, and loss of cervical lordosis.

Immediate post-operative CT scan (5d) showing the granular appearance of MagnetOs Flex Matrix in the posterolateral 
gutters bilaterally.

5a 5b
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Six-week post-operative AP (5e) and lateral (5f) x-rays showing resorption of the graft and consolidation of the fusion site.

Six-month post-operative AP (5g) and lateral (5h) x-ray images showing solid bony fusion and trabecular bone in the 
posterolateral gutters.

Twelve-month post-operative AP (5i) and lateral (5j) x-ray images showing bony fusion of the arthrodesis sites.

5e 5f

5g 5h

5i 5j
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Discussion

Time to fusion is an important consideration in open 
posterolateral spinal fusion surgery, particularly in patients with 
multiple co-morbidities and challenges to successful fusion [12]. 
In the lumbar spine, fusion rates vary based on several factors 
including approach, instrumentation, patient co-morbidities, 
levels of arthrodesis, and the bone graft chosen for the case. 
Several papers have sought to determine how these factors affect 
the pseudarthrosis rate and revision rates in arthrodesis [13,14].

This case series utilizing MagnetOs Flex Matrix demonstrates 
rapid predictable evidence of bony fusion in five challenging 
posterolateral arthrodesis patients with multiple imaging 
modalities. Throughout these cases, the post-operative imaging 
shows a consistent remodeling of bone and resorption of the bone 
graft resulting in trabecular bone formation at the fusion site and 
loss of granular appearance as early as six weeks. In each case 
there is early bone formation at the fusion site on imaging, with 
bony bridging evident in the posterolateral space. Furthermore, 
this cohort of patients was challenging, with one revision and 
multiple co-morbidities known to affect fusion outcomes. 

Determination of time to fusion is a challenge, with no gold 
standard for fusion criteria classification, imaging modality, or 
number of weeks post-operatively to assess fusion status. However, 
one recent meta-review of bone grafts in posterolateral lumbar 
fusion reviewed 81 articles with at least one-year radiographic 
follow up via either x-ray or CT and reported a relatively high 
range of 80-100% fusion rate at one-year post-operatively. The 
downside of this meta-review is that the fusion assessments were 
mainly subjective, biased, and based on x-ray [15]. Conversely, a 
level one prospective, randomized intra-patient controlled study 
comparing a synthetic bone graft to autograft in a posterolateral 
fusion model with independent radiology reviews reported a 55% 
fusion rate of the synthetic bone graft on CT at one-year post-
operatively [16].  

MagnetOs Flex Matrix, through its submicron needle-shaped 
surface topography, provides traction for the body’s vitally 
important pro-healing immune cells, M2 macrophages [7-9,11]*†. 
This in turn unlocks previously untapped potential to stimulate 
stem cells and form new bone throughout the graft [7-9,11]*†. 
Furthermore, MagnetOs Granules have been shown to form bone 
in a soft tissue muscle pouch of a large mammal without added 
cells or growth factors, which is relevant in large bone defects as 
are found in posterolateral fusion sites [7]. Globally, the MagnetOs 
bone graft family of products has been implanted in over 15,000 
patients. 

Conclusion

This case series demonstrates evidence of fusion at early 
time points, radiographic efficacy, and positive patient reported 
outcomes of MagnetOs Flex Matrix in a retrospective cohort of 

challenging patients undergoing posterolateral fusion.
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