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ABSTRACT

Study Design: First-in-human use of a novel bone graft in spine surgery: an open-label, prospective, single-
centre clinical study. 

Background: The use of synthetic bone graft substitutes has become more common to avoid the need to 
source allograft or iliac crest autograft. A new nanosynthetic, silicate-enriched calcium phosphate bone graft 
substitute, OssDsign Catalyst™ (formerly Osteo3 ZP Putty), has been designed to deliver consistent and rapid 
bone healing and remodeling. The high level of substituted silicate (5.8 wt%) in the porous granules combined 
with the nanoscale architecture is thought to promote early bone formation.

Objective: Intended to demonstrate the safety and performance of Catalyst synthetic bone graft in 
instrumented Transforaminal Lumbar Interbody Fusion.

Method: Seventeen adults aged 40-62 years old requiring TLIF surgery at one spinal level were included. 
Post-operative follow-up at 6 weeks, 3 months, 6 months, 12 months and 24 months. This paper reports the 
results up to 12 months follow-up. CT scans were taken at 3, 6, and 12 months post-operatively to assess the 
presence of fusion. CTs were independently radiologically reviewed by Medical Metrics Inc.

Standardized patient-reported outcome measures were collected at each timepoint (i.e., ODI, VAS, SF-36, 
GTO/PS) along with adverse events (AE). 

Results: Of the 17 subjects recruited, three were withdrawn for reasons unrelated to Catalyst, the remaining 
14 completed to 12-month follow-up. 4/14 (29%) subjects were fused at 3 months, 9/14 (64%) at 6 months, 
and 13/14 (93%) were fused at 12 months post-operative follow-up. ODI and VAS scores showed improvement 
in quality of life and pain respectively, at all post-operative follow-up evaluations. 

No device-related AEs were observed.

Conclusions: This prospective series indicated OssDsign Catalyst™ bone graft substitute, demonstrates 
consistent and rapid bone healing and remodeling, with corresponding improved patient outcomes.
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Introduction
Degenerative disc disease and spinal stenosis are two of the major 

spine pathologies resulting in low back and leg pain as well as func-
tional limitations that are prevalent today [1]. When symptoms are 
not responsive to conservative care, surgery may be recommended. 
Spinal fusion was introduced for the management of deformity and 
has for the past several decades been used to relieve pain and restore 
function in subjects diagnosed with degenerative disc disease. The 
objective of spinal fusion is to eliminate motion of the vertebral body 
and decompress spinal nerves thereby relieving pain [2]. Spinal fu-
sion is a common procedure requiring hardware and a source of bone 
grafting material. Common bone graft materials include autograft (pa-
tient’s own bone), allograft (donor bone), or a bone graft substitute 
[3] which may be synthetic or from an alternative biological source 
[4]. The most common source of autograft is local bone removed from 
the spinal region during the surgical procedure and morselized. This 
is often limited in quantity and can vary in bone quality. Allograft (do-
nor bone) can be in short supply and there is no assurance of freedom 
from disease. Depending on the processing method, it can be highly 
variable in performance. As a result of these limitations, there is in-
creased interest in synthetic bone graft substitutes [5].

OssDsign Catalyst™ (formerly Osteo [3] ZP Putty), hereon referred 
to as Catalyst, is a new nanosynthetic calcium phosphate bone graft 
substitute, containing the highest level of substituted silicate ions (5.8 
wt%) in any bone graft. It is osteoconductive, resorbable, porous and 
100% synthetic without the need for adding any biological materials. 
Catalyst contains silicate enhanced calcium phosphate granules sus-
pended in a resorbable gel carrier, which enables direct implantation 
from the packaging without any further processing time. The physi-
cal and chemical properties of Catalyst combined with a high surface 
area of the porous granules have been designed to deliver consistent 
and rapid bone ingrowth, remodeling and cell-mediated resorption 
during the bone healing process, as shown in clinically relevant animal 
studies [6,7]. These studies showed that Catalyst achieves fusion suc-
cess rates comparable to iliac crest bone graft (ICBG), the traditional 
‘gold standard’ [8]. This is a first-in-human, open-label, prospective, 
single-centre clinical study intended to demonstrate the safety and 
performance of Catalyst synthetic bone graft in Transforaminal Lum-
bar Interbody Fusion (TLIF) procedures with instrumented postero-
lateral fusion (PLF). The TLIF approach was chosen for this clinical 
study as it is now a popular surgical approach as it is minimally in-
vasive and avoids significant retraction of the dura and nerve roots.

By removing one of the facet joints, a different trajectory is adopt-
ed to take out the disc and insert bone graft and a cage into the disc 
space. This exposes the nerves to a lower risk of injury and requires 
less muscle retraction, thus reducing the risk of post-operative and 
long-term back pain [9]. The aim of this prospective, single centre 
first-in-human study is to demonstrate safety of this novel synthet-
ic bone graft by review of any device related serious adverse events 

(SAEs) to 24 months post-operative follow-up as well as performance 
assessed by fusion rates at 3, 6, 12 and 24 months post-operative 
follow-up. This paper will describe the study findings to 12 months 
follow-up. 

Materials and Methods
Seventeen subjects were recruited and underwent one level TLIF 

procedures (L2-S1) with instrumentation and Catalyst nanosynthetic 
bone graft. To address the theoretical risk of migration into the spinal 
canal, the bone graft was mixed in a 1:1 ratio with morselized autolo-
gous bone taken from the facetectomy for placement posterior to the 
interbody cage; elsewhere the bone graft was used without mixing 
(i.e., anterior to and within the interbody cage and in the posterolat-
eral gutter contralateral to the side of the laminectomy or bi-laterally 
if large transverse processes are present). Inclusion criteria included 
adults (40-65 years old) with degenerative disc disease (DDD), de-
generative spondylolisthesis or lumbar spinal stenosis requiring sur-
gery at one spinal level; the subjects had failed to gain adequate relief 
after at least six months of non-operative treatment prior to clinical 
study enrolment (e.g., bed rest, physical therapy, bracing, traction, 
drug therapy).Subjects were excluded from the study if they required 
a fusion procedure over more than one level or had had prior surgery 
at the index surgical level, had a systemic or surgical site infection, a 
history of significant metabolic bone disease, or other diseases that 
would place the patient at excessive risk to surgery, history of sub-
stance abuse, known to be pregnant and/or breastfeeding, Body Mass 
Index (BMI) ≥40, participating in another clinical trial, or a medical 
condition that could interfere with the bone healing process or their 
attendance at follow-up visits. All subjects provided their written in-
formed consent before study data collection commenced. 

The data presented compares the baseline data collected before 
surgery with data collected post-operatively at 6 weeks, 3 months, 6 
months and 12 months. CT scans were taken at 3, 6, and 12 months 
post-operatively and were used to assess the presence of fusion. Suc-
cessful fusion was defined as evidence of bridging bone (contiguous 
bony connection from the superior vertebral body to the inferior ver-
tebral body, in the posterolateral gutter, in front of (anterior) or within 
the interbody cage. All CT scans were reviewed blinded by two inde-
pendent (Medical Metrics Inc.) experienced radiologists, plus a third 
where the initial two disagreed. At each follow-up visit standardized 
Patient-reported Outcome Measures (PROMs) were completed in-
cluding Oswestry Disability Index (ODI) [10,11] and back and/or ra-
dicular leg pain visual analog numerical scores (VAS), and SF-36 [12] 
quality of life questionnaires, plus Global Treatment Outcome (GTO) 
[13,14] and Patient Satisfaction (PS) questionnaires were collected at 
each timepoint. Safety was assessed by review of the type and preva-
lence of Catalyst related adverse events. All PROMs data was averaged 
and entered into Graph Pad software. This was used to compare the 
mean results to the baseline pre-operative data and where appropri-
ate ordinary one-way ANOVA using multiple comparisons were per-
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formed using Dunnett’s multiple comparison test. This clinical study 
was conducted in accordance with the clinical study protocol, the 
principles of Good Clinical Practice (ICH-GCP) and in accordance with 
the Declaration of Helsinki, ISO 14155, FDA (21CRF) and the appro-
priate local regulations.

The study was completed at the Országos Gerincgyógyászati Köz-
pontban (Buda Health Centre, Hungary) after receiving required local 
approvals by the Országos Gyógyszerészeti és Élelmezés-egészségügyi 
Intézet (OGYÉI) and the hospital ethics committee.

Results
Patient Demographics

Of the 17 subjects recruited to this study 14 reached post-oper-
ative 12 month follow-up. Three subjects were withdrawn from the 
study and not included in the analyses reported in this paper. One was 
diagnosed with cancer and had to withdraw; two were withdrawn 
after revision surgery to reposition mis-aligned instrumentation, 
during which the bone graft was removed. As can be seen in Table 1 
below, 13 of the 14 subjects in this cohort were female, with a median 
age of 48 years, BMI of 29.7, one of whom was a smoker. Eleven of the 
subjects were diagnosed with degenerative disc disease (DDD) and/
or degenerative spondylolisthesis (DS), with one having DS and spinal 
stenosis, and one having all three. Co-morbidities for which medica-
tion was being taken included: 1 patient with pulmonary disease, 2 
with thyroid problems, 5 with hypertension, and 2 with thrombolyt-
ic/embolic disorders, none of which were thought to have affected the 
subjects’ bone fusion. The affected spinal level which underwent TLIF 
surgery was L4-L5 among 6 subjects and L5-S1 in the remaining 8 
subjects. The surgery sites in all cases were stabilized with a PEEK 
interbody cage plus two titanium rods and four pedicle screws across 
the posterolateral transverse processes.

Table 1: Demographics.
Age: mean ± SD (Range) 49 ± 6 years (40 - 62 years)

Median (IQR) 48 (46 – 52 years)

Gender 13 Females; 1 Male

BMI (mean ± SD) (Range) 30.0 ± 4.4 (22.4 – 39.0)

Median (IQR) 29.7 (27.2 – 33.0)

Vertebral levels: n L4-L5: 6; L5-S1: 8

Primary diagnosis:

Degenerative spondylolisthesis 11

Degenerative disc disease 11

Stenosis 2

Co-mordidities:

Hypertension 5

Thyroid 2

Pulmonary Disease 1

Thrombosis/Embolic Disease 1

Smoker 1 (20 cigarettes/day)

Radiographic Outcomes

Fusion results assessed by CT scans at the 3, 6 and 12-month fol-
low-ups are shown in Table 2. Early fusion was seen in 4/14 (29%) 
of subjects at 3 months. At 6 months follow-up 9/14 (64%) subjects 
were fused and at the 12 months post-operative follow-up 13/14 
(93%) were fused. An example is shown in Figure 1. 

Table 2: Rates of Successful Fusion (%).
Follow-up evaluation Overall Fusion Rate

3 months:

Fused 4/14 (29%)

Partial* 10/14 (71%)

None 0/14 (0%)

6 months:

Fused 9/14 (64%)

Partial* 5/14 (36%)

None 0/14 (0%)

12 months

Fused 13/14 (93%)

Partial* 1/14 (7%)

None 0/14 (0%)
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Figure 1: Subject #011 Fusion images at 3, 6 and 12 month follow-up.

Clinical Outcomes

Both the mean VAS (Figure 2) and ODI (Figure 3) showed a de-
crease in pain and improvement in quality of life at all follow-up visits 
compared to the baseline pre-operative scores. All follow-up evalu-
ations showed significant improvement from pre-operative baseline 
Quality of Life data in all categories (Figure 4). The subjects overall 
assessment of their health transition (Figure 5) also showed a sig-

nificant improvement at each follow-up evaluation with all post-op-
erative scores being between one and two (i.e., their health being 
much better, or somewhat better, than one year ago).This result was 
reflected in the Global Treatment Outcome score (GTO) and patient 
satisfaction scores (PS). Mean scores showed all subjects saying that 
the surgery helped or helped a lot (GTO of 4.8/5) and that they were 
very satisfied (PS of 4.9/5).

Figure 2: Mean Visual Analogue Scores for Pain.
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Figure 3: Mean Oswestry Disability Index Scores.

Figure 4: Mean SF-36 Quality of Life scores.
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Figure 5: Mean SF-36 - Health Transition Scores.

Adverse Events 

There were no adverse events related to the Catalyst bone graft. 
There were twelve (12) adverse events recorded among the 17 sub-
jects originally recruited to this study (Table 3). Three were with-
drawn from the study and did not attend the 3-month post-operative 
follow-up evaluations or any thereafter. One was diagnosed with a 
pancreas head tumor, was unable to attend follow-up evaluations and 
unfortunately died and two had revision surgery in which the bone 
graft was removed. Two subjects required revision surgery in which 

the bone graft was removed, so were withdrawn from the study. One 
had revision surgery and debridement at L5/S1 level due to a mis-
placed pedicle screw and wound infection. The graft material and in-
tervertebral PEEK spacer were removed to avoid chronic infection. 
The other subject required revision surgery due to fracture of the L5 
pedicles, due to the sub-optimal placement of a pedicle screw, insta-
bility of the L4-5 segments, and bilateral L5 nerve root compression 
in which the bone graft was disturbed and removed from the postero-
lateral gutter. 

Table 3: Adverse Events.
Adverse Event Description N (%) of Subjects out of the 17 recruited Related to procedure Related to Catalyst

Gallstones 1 (6%) No No

Pancreatic head tumour 1 (6%) No No

Stroke 1 (6%) No No

Lower back pain after a fall 1 (6%) No No

Seroma 1 (6%) Yes No

Radiculitus 1 (6%) Yes No

Sub-optimal pedicle screw placement (revi-
sion surgery performed) 2 (12%) Yes No

Mechanical failure, L5 pedicle fracture (revi-
sion surgery performed) 1 (6%) Yes No

Wound infection 3 (18%) Yes No
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Discussion
Results from the first 14 subjects to receive Catalyst synthetic 

bone graft in this single centre prospective study are encouraging with 
early fusion evident in 9/14 (64%) of subjects at 6 months and 13/14 
(93%) of subjects at 12 months post-operative follow-up 6 below. The 
remaining patient has evidence of fusion progression so may be fused 
at the 24-month follow-up visit. literature review of TLIF surgeries 
and outcomes from 2010 to the present indicates fusion success rates 
at 12 months to range from 77% to 100% [8,15-21]. The early fusion 
results in this series (64% at 6 months via CT) compare favorably to 
the results obtained by vonderHoeh et al. [8]. In a prospective study 
using ICBG or local bone mixed 1:1 with hydroxyapatite bone graft, 
fusion rates of 62.5% for the ICBG group at 6 months post-surgery; 
58% fusion for the mixed group using standard x-rays were report-
ed. At 12 months post-operation fusion rates of 83% for both groups 
were reported using CT scans [8]. Clinical results which included VAS, 
ODI, and SF-36 showed significant symptom relief at each timepoint 
up to the 12-month follow-up and there were no bone graft-related 
adverse events.

Limitations of the Study
In this first-in-human study the number of subjects was small, 

and the study was conducted at a single centre. Catalyst performed 
well but it is recognized that further larger multi-centre investiga-
tions are required.

Conclusion
This prospective series indicated OssDsign Catalyst™, a new nano-

synthetic calcium phosphate bone graft substitute, demonstrates con-
sistent and rapid bone healing and remodeling, with corresponding 
improved patient outcomes.
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