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Abstract

Purpose: The aim of this study was to report our experience in lumbar fusion cases using the Supercritical CO2 processed bone 
allografts. Materials and Methods: 85 patients underwent 1 or 2 level posterior lumbar fusion using bone allografts processed 
by Supercritical CO2 extraction combined with chemical viral inactivation. Radiographic evaluation was performed at immediate 
postoperative, 3 months, 6 months and at a mean 12.4 months post-surgery combined with a CT including fine coronal tomography. 
Results: No patient had surgery-related spinal nerve injury, one dural laceration was stitched without clinical consequences. The 
radiological evaluation of the 92 operated levels at last follow-up showed that 88 of these levels (95.7%) were fused. Four of the 
operated levels (4.3%) were non-fused and considered to have complications. Conclusion: Within the limitations of this study, 
the use of supercritical CO2 processed bone allograft resulted in good clinical outcome results and fusion rate in lumbar surgeries.

Introduction

Lumbar and cervical arthrodesis are often the best option for 
various degenerative spinal conditions that do not respond to 
conservative treatment. Historically, the gold standard for spinal 
arthrodesis was the use of autogenous iliac crest bone graft (ICBG) 
[1,2]. However, the use of ICBG has several drawbacks, including 
donor site pain and morbidity, increased operating time and 
variable quality of the autograft [3-6].

Alternatives to ICBG for spinal arthrodesis include the use of 
allografts, graft extensions and osteobiologic materials to increase 
fusion rates [7,8].

BIOBank offers an allogeneic bone graft in the form of bone 
powder inactivated by the Supercrit® process, which has been 
meeting the need for bone filling in dental and orthopedic surgery 
since 2003 [9-17].

The aim of this study was to present our experience in posterior 
lumbar spine surgery using bone allograft processed with the 
Supercrit® technology.

Materials and Methods

Between February 2020 and October 2023, eighty-five (85) 
patients received the BIOBank supercritical CO2 processed bone 
allografts for lumbar fusion:
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Patients’ demographic information is detailed in Table n°1 below:
Number of patients                                              85 

Gender  n (%)   

                Male 29 (34) 

                Female 56 (66) 

Mean Age at surgery (years) 55.6 (29 - 81) 

Operative indications n (%)   

               Low back pain 20 (23.5) 

               Lumbago 12 (14.1) 

               Disc disease 45 (52.9) 

               Herniated disc 1 (1.2) 

               Spondylolisthesis 1 (1.2) 

               Total revision of a PLIF  5 (5.9) 

               Right shift L3 1 (1.2) 

Fusion level n (%)   

               L2/L3 3 (3.3) 

               L3/L4 10 (10.9) 

               L3/L4/L5 3 (3.3) 

               L4/L5 38 (41.3) 

               L4/L5/S1 1 (1.1) 

               L5/S1 37 (40.2) 

 

Table 1: Baseline characteristics of the patients.

This study was conducted in accordance with all applicable 
regulations including the French Data Protection Authority (the 
CNIL) Reference Methodology MR003 and with the principles of 
the Declaration of Helsinki. 

The graft material used was the BIOBank cancellous bone allograft 
granules processed by the Supercrit® technology (Figure 1). The 
allografts were prepared from living donor femoral heads treated 
by the supercritical CO2 process through degreasing steps and a 
gentle chemical oxidation of the residual proteins with preserved 
bone architecture. Before using for fusion, the bone allograft 
powder and granules drawn from the cleaned femoral head and 
packed in syringe or vial were hydrated with saline or blood.

Figure 1: Cancellous bone powder prepared from living donor femoral 
head treated by Supercrit® process.

All the surgical procedures were performed by a senior 
neurosurgeon.

Lumbar arthrodesis surgery was performed by posterior 
approach: the procedure included a complete laminectomy, 
facetectomy, discectomy, interbody fusion by two cages followed 
by instrumented posterolateral fusion using pedicle screw 
systems (Romeo®, Juliet® cage Spineart or Instinct® Java®, 
Zimmer). Positioning of implants was controlled by conventional 
perioperative radiography. After realizing total bilateral discectomy 
vertebral plates were scraped and bone allograft was inserted in the 
interbody space and around the cages (2x 2ml). 

All patients were assessed preoperatively to determine their general 
health status, and the following assessments were performed at 3, 
6 and 12 months post grafting visits .

Adequate fusion was defined as the presence of bridging bone 
across and around the interbody spacer. Postoperative x-ray and CT 
scans were reviewed at the 1-year follow-up both by independent 
radiologists and third-party examiners. 

Statistical analyses were carried out in IBM SPSS Statistics 26 
(SPSS Inc. Chicago, USA). All included cases were reviewed, 
and the summary statistics were analyzed as means (standard 
deviations) for continuous variables and percentages for categorical 
variables. Significance level was set at P < 0.05.

Results

A total of 85 patients underwent lumbar fusion surgery with the 
bone allograft representing 90 operated levels (Table 1).

There were 3 case of intraoperative complications with no 
consequence on the outcome which are:
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•	 Two dural lacerations that were sutured and covered with 
standard neurosurgical techniques.

•	 One osteoporosis leading to a unilateral osteosynthesis 
instead of a bilateral fixation

•	 No patient had surgery-related spinal nerve injury or new 
neurological deficit.

At a mean follow-up of 12.4 months (ranged 10 to 22 months post-
surgery), no patient was lost to follow-up.

Based on radiological assessment, 88 (95.7%) of the 92 operated 
levels were considered fused (Figures 2, 3 and 4) and 4 levels 
(4.3%) showed complications:

•	 2 cages subsidence.

•	 1 severe left convex low back scoliosis with significant 
lumbar spondylarthrosis.

•	 1 retrolisthesis with bulging disc disease.

Figure 2: Two-level lumbar fusion using BIOBank allograft on 
a 54-year-old female at L4-L5 and L5-S1. Antero-posterior (A) 
and lateral radiographic views in flexion (B) and extension (C) 
radiographic views obtained at 1 year postoperative showing 
normal height of vertebral bodies with no significant static 
anomalies.
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Figure 3: One-level lumbar fusion using BIOBank allograft on 
a 51-year-old male at L3-L4. Antero-posterior (A) and lateral 
radiographic views in extension (B) CT-Scan views obtained at 1 
year postoperative showing bone fusion

Figure 4: One-level lumbar fusion using BIOBank allograft on a 
72-year-old female at L4-L5 . Lateral 3D CT-Scan view obtained 
at 1 year postoperative showing bone fusion
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Discussion

For spinal fusion, bone allografts are good alternative to Iliac Crest 
Bone autograft (ICBA) reported to be associated with an increased 
risk for donor site-related complications (pain, hematoma local 
infection etc.) [3-6, 18].

Bone allografts provide a practical and effective alternative to 
osteogenetic products, offering advantages in terms of availability, 
reduced morbidity, and versatility. While they may lack inherent 
osteogenic properties, they can be enhanced with additional 
biological factors to improve their efficacy in bone regeneration. 
These benefits make allografts a valuable option in orthopedic 
and reconstructive surgeries [19]. Allografts are generally more 
cost-effective and safer compared to some osteogenetic products 
that may involve complex processing or high costs, such as those 
involving growth factors like bone morphogenetic proteins [20].

Bone allografts used in PLIF procedures obtain good fusion rates 
while preserving cost effectiveness and avoiding downsides seen 
with common osteoconductive or osteogenetic: insertion of the 
cages in an interbody space filled up with week hydroxyapatite 
paste may push the latter towards the foramina.

The bone allografts used in our lumbar fusion study were made 
from living donors’ femoral heads, collected after hip replacement 
surgery and processed using supercritical CO2 extraction 
technology. By injecting directly the bone allograft in the disc 
space before placing the interbody cage, we reported good stability 
and fusion in 95.7% of our case at a mean 12 months. . There were 
no procedure nor did graft relate complications. Our results are 
consistent with literature were fusion rates between 83% to 100% 
were reported by several authors [21]. Long-term research will be 
conducted to confirm these encouraging  results.

Within the limitations of this single center study, the use of bone 
allografts treated with supercritical CO2 resulted in good clinical 
outcomes and fusion rates, with good safety for lumbar fusion. The 
use of bone allografts treated with supercritical CO2 appears to be 
a safe strategy for achieving vertebral fusion while limiting the 
morbidity associated with autograft harvesting.
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