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ABSTRACT

Study Design: First-in-human, an open-label, prospective, single-center, clinical study using the novel synthetic
bone graft, OssDsign Catalyst®, in Transforaminal Lumbar Interbody Fusion spine surgery.

Objective: To evaluate the safety and performance of OssDsign Catalyst® synthetic bone graft.

Method: TLIF surgery at one spinal level was performed on 17 enrolled patients using OssDsign Catalyst®
synthetic bone graft alone, in and around the interbody cage and mixed with autograft posterior to the cage.
Post-surgical follow-up visits were performed at 6 weeks, 3, 6, 12, and 24-months. CT scans were taken at 3, 6,
12, and 24-months (if not already fused at 12-months) and fusion assessments were performed by Medical Met-
rics Inc. Validated Patient-Reported Outcome Measures (PROMS) were completed at baseline, and each follow up
visit up to 12-months, then at 24-months, only if the patient was not fused at the 12-month follow-up evaluation
(i.e., ODI, VAS, SF-36, GTO/PS), along with recording adverse events (AE).

Results: By the final 24-month post-operative follow-up the fusion rate was 100% with all 14 remaining pa-
tients fused; three were withdrawn for non-device-related reasons. Previously published results reported for
follow-up evaluations up to the 12-month follow-up evaluation were 29% at 3 months, 64% at 6 months, 93% at
12-months [1] and this article includes the final study results out to 24-months follow up. The PROMS (0D], VAS,
and SF-36) demonstrated progressive improvement from pre-surgical scores over the 12-month post-surgical
follow up period and no reported decline at the 24-month follow-up.

Conclusions: OssDsign Catalyst® synthetic bone graft was shown to produce excellent bone fusion in all of the
patients included in this first-in-human study with no adverse events related to OssDsign Catalyst® over the
24-months follow-up.

Keywords: Synthetic Bone Graft; Nano Synthetic; Silicate Enriched Calcium Phosphate; TLIF; Spine Fusion;
OssDsign; Catalyst; Osteo3 ZP Putty

Abbreviations: AE: Adverse Events; TLIF: Transforaminal Lumbar Interbody Fusion; PLF: Posterolateral Fusion;
ODI: Oswestry Disability Index; VAS: Visual Analog Pain Scores; GTO: Global Treatment Outcome Questionnaire;
DDD: Degenerative Disc Disease; DS: Degenerative Spondylolisthesis; PS: Patient Satisfaction Scores

Introduction

Spine fusion procedures aim to facilitate the development of
bridging bone between the vertebral bodies to be fused. If solid fusion
is achieved, the result provides long-term stability beyond the life of
any stabilizing metalwork implanted at the time of surgery. Spine

fusion eliminates the motion of the vertebral bodies involved, main-
tains the distance between vertebral bodies, and decompresses spinal
nerves, thereby relieving pain. To achieve fusion a bone graft is placed
between the vertebral bodies, often within an interbody cage and/
or across the transverse processes [2]. The historical ‘gold standard’
approach of harvesting bone from the iliac crest to be morselized for
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use as a bone graft is now rarely conducted due to the extended sur-
gical time, risks associated with performing two surgeries, and the
resultant harvest site pain and morbidity [3-5]. The use of autograft
harvested from around the surgical site is dependent on the quality
of the patient’s own bone [6] and with the greater use of minimally
invasive techniques, the quantity available may be problematic, and
hence require an extender of some kind to increase the amount of
bone graft available. One alternative is allograft from donated human
bone; however, the quality can be inconsistent, and disease transfer
is a risk [3,7-10]. The use of synthetic bone graft substitutes has be-
come more common to avoid the need to source allograft or iliac crest
autograft [6,11].

Commercially available synthetic bone grafts are consistent in
quality and readily available [12-14] Many different types have been
developed since the original ceramics and hydroxyapatites which
were developed with the intent to mimic the structure of bone but
would not dissolve or remodel over time [3,6] Newer synthetics aim
to re-absorb or be remodelled in line with the patient’s rate of bone
healing and remodelling to mature lamellar bone. The ideal bone
graft is osteoconductive, osteoinductive, easy to handle, and have a
structure that works with the body to dissolve or remodel as the pa-
tient’s bone healing occurs. One such development is the inclusion of
silicon or silicate in synthetic bone grafts to increase the rate of bone
development. Silicate has been extensively researched and found to
be essential in bone metabolism [15-18]. Silicon is known to stimu-
late human osteoblasts and to secrete various bone markers of bone
cell maturation and subsequent bone formation [19] and its greatest
concentrations are found in immature bone [13]. An ideal synthetic
bone graft will therefore have a high silicon content to aid bone for-
mation and a honeycomb-like structure to mimic bone structure but
maximize the surface area for osteoclasts to attach to and progress
the natural process of bone formation [12,14]. A novel nanosynthetic,
silicate-enriched calcium phosphate bone graft substitute, OssDsign
Catalyst® (formerly Osteo3 ZP Putty), is designed to deliver consis-
tent and rapid bone healing and remodeling.

The high level of substituted silicate (5.8 wt%) in the porous gran-
ules combined with the nanoscale architecture is thought to promote
early bone formation. In clinically relevant animal studies [20,21]
OssDsign Catalyst® has demonstrated osteoconductivity. It is 100%
synthetic with no biological content. OssDsign Catalyst® contains
silicate-enhanced calcium phosphate granules suspended in a resorb-
able gel carrier; enabling direct implantation without any further pro-
cessing. The high surface area of the porous granules, along with the
physical and chemical properties of OssDsign Catalyst® have shown
consistent and rapid bone ingrowth, bone remodeling and cell-medi-
ated resorption during the bone healing process. The unique scaffold
of Ossdsign Catalyst® is osteoconductive and promotes bone forma-
tion on the surface of the graft. This article describes the first-in-hu-
man prospective clinical study intended to demonstrate the safety

and performance of Catalyst synthetic bone graft in spine fusion sur-
gery. The study was performed at a single-center with a small cohort
of patients as this was the first time Catalyst had been used in hu-
mans. The approach used was Transforaminal Lumbar Interbody Fu-
sion (TLIF) with instrumented posterolateral fusion (PLF), which is a
minimally invasive approach that is now commonly used as it reduces
the amount of retraction of the dura and nerve roots, lowering the
risk of nerve damage and long-term back pain [22-30]. This article de-
scribes the results of the completed first-in-human study conducted
for OssDsign Catalyst® with 24-month follow up of patients.

Materials and Methods

As previously published and described in the 12-month interim
analysis [1], patients aged between 40 to 65 years old who were suf-
fering from degenerative disc disease, lumbar spinal stenosis, or de-
generative spondylolisthesis were approached to participate in this
single-center study if after assessment, their surgeon had decided a
one level TLIF surgery would be an appropriate treatment for their
condition. Each patient must have tried and failed to relieve their
symptoms through non-surgical treatment, such as bed rest, traction,
drug treatments or physical therapy, for at least six months. Patients
were excluded if they had already had surgery, chronic infection at
the index level, a history of disease that could affect bone healing
(e.g., significant bone metabolic disease, osteoporotic etc.) or other
reasons which would put them at risk (e.g., known to be pregnant or
breastfeeding, history of drug abuse, morbid obesity (BMI 240)). The
clinical study was conducted at a single-center in Hungary (i.e., Na-
tional Center for Spinal Disorders, Buda Health Center). The study
was approved by the local and national Hungarian FDA and ethics
committees (i.e., National Center for Public Health and Pharmacy)
and the hospital ethics committee) and was conducted in accor-
dance with Good Clinical Practice and the Declaration of Helsinki,
ISO 14155, FDA (21CRF) and the appropriate local regulations. All
patients signed written informed consent using an approved consent
form before participating in the study.

A total of 17 patients were enrolled allowing for a 10% dropout
rate, with the aim of leaving 15 evaluable cases. Each patient under-
went a single-level TLIF procedure (L2-S1) with instrumentation
including an interbody cage and two rods plus four pedicle screws
across the posterolateral fusion. OssDsign Catalyst® nanosynthetic
bone graft was used standalone within, and anterior (where possi-
ble) to the interbody cage and across the transverse processes, either
unilaterally or bilaterally at the surgeon’s choice. With the close prox-
imity to the spinal canal, it was decided to mix the OssDsign Cata-
lyst® in equal parts with morselized autograft taken from the facetec-
tomy for placement posterior to the interbody cage. After gathering
baseline data either on the day of surgery or before, follow-up visits
were completed at 6 weeks, 3-, 6-, 12- and 24- months post-surgery.
At 24-months, a full visit was conducted only if the patient was not
fused at the 12-month follow-up evaluation. All patients who were al-
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ready fused at 12-months were contacted by telephone at 24-months
post-surgery to ask if they had experienced any adverse events since
the 12-month visit. At each in-person visit the following PROMs were
completed: Oswestry Disability Index (ODI), [31,32] Visual Ana-
log pain scores (VAS), SF-36 quality of life questionnaires, [11] plus
Global Treatment Outcome questionnaire (GTO), [33,34] Patient Sat-
isfaction (PS) questionnaire, and any adverse events since the previ-
ous visit were recorded. CT scans were taken at 3, 6, and 12-months
post-surgery, and additionally at 24-months post-surgery if not fused
at 12-months.

The CT scans were provided to Medical Metrics Inc for indepen-
dent radiological analysis of fusion. Successful fusion was defined as:
‘evidence of bridging bone (contiguous bony connection from the su-
perior vertebral body to the inferior vertebral body, in the posterolat-
eral gutter, in front of (anterior) or within the interbody cage’ [35].
The CT scans were each reviewed by two independent experienced
radiologists with appropriate experience, with an additional third ra-
diologist review if the original two did not agree; all remained blind to
the patient and results of the others during their assessment.

Results
Patient Demographics

A total of 115 patients were screened to recruit the 17 needed for
the study. The main reasons for exclusion (Figure 1) were having had
previous surgery at the index level (20/115; 17%) or being outside
the age range selected for inclusion (40/115; 35%). Three patients
had to be withdrawn from the study and were excluded from the data
analyses (i.e., one death due to cancer; two had revision surgery in
which the bone graft was removed after misaligned instrumentation
during the index surgery), leaving 14 who completed the study to
24-months post-surgical follow up. Table 1 shows the demographics
of the patients who completed the study. By chance alone, 13 of the
14 (93%) of the patients in this cohort were female. The median age
of 48 years with BMI of 29.7, and only one smoker. All of the patients
were diagnosed with degenerative disc disease (DDD) and/or de-
generative spondylolisthesis (DS) or spinal stenosis, and one had all
three. None of the patients had co-morbidities which were thought to
have affected the subjects’ bone fusion. TLIF surgery was performed
atone of two levels (i.e., 6 (43%) at L4-L5 and 8 (57%) at L5-S1). In all
cases the surgical site was stabilized using a PEEK interbody cage and
two titanium rods plus four pedicle screws across the posterolateral
transverse processes.

Exclusion Reason
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Figure 1: Screen Failure Reasons.
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Table 1: Demographics.

Age, yrs: mean + SD (Range)
Median (IQR)

49+ 6 (40 - 62)
48 (46 - 52)

Gender

13 Females; 1 Male

BMI (mean + SD) (Range)
Median (IQR)

30.0 + 4.4 (22.4 - 39.0)
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-morbidities:
Hypertension 5
Thyroid 2
Pulmonary Disease 1
Thrombosis/Embolic Disease 1

Smoker

1 (20 cigarettes/ day)

Radiographic Outcomes

The previously published [1] fusion results assessed by CT
scans at the 3, 6 and 12-month post-surgical follow-ups are shown
in Figure 2, along with the result for the one patient who returned
for a 24-month in-person evaluation; the results for those fused at
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12-months follow-up were imputed to the 24-months post-surgical
follow-up. Where Catalyst was used as a stand-alone bone graft (i.e.,
in the interbody cage, anterior to the cage and across the transverse
processes) the post-surgery fusion results were 4/14 (29%) after 3
months, 9/14 (64%) after 6 months, 13/14 (93%) after 12-months
and 14/14 (100%) after 24-months.

Fusion Rate
6 months 12 months 24 months

Post-Surgical Follow-up Evaluation

B No Fusion M Partial Fusion ™ Fused

Figure 2: Rates of Successful Fusion (%).
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Figure 3: VAS Improvement from Pre-Op Baseline.
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Figure 4: Mean Improvement in ODI Scores (%) from Pre-Op Baseline.

Clinical Outcomes

Evaluating the difference between pre-surgical scores and fol-
low-up scores for VAS (Figure 3) and ODI (Figure 4) showed a decrease
in pain and improvement in quality of life, at all follow-up visits up to
12-months when compared to the pre-surgical baseline scores. At the
24-month telephone follow-up and for the one patient who had the
in-person visit no deterioration in clinical outcome was reported. The

results from the SF-36 quality of life questionnaire (Figure 5) showed
significant improvement in all categories and the overall assessment
of their Physical and Mental Health. All patients were pleased with
the outcomes of their surgery which were assessed using the Global
Treatment Outcome score (GTO) and patient satisfaction scores (PS).
All patients reported the surgery had ‘helped’, or ‘helped alot’ (GTO of
4.8/5 (96%)), and that they were ‘very satisfied’ (PS of 4.9/5 (98%))
with the results.
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Figure 5: Mean SF-36 Quality of Life scores.

Adverse Events

There were no adverse events related to the OssDsign Catalyst®
bone graft reported during the 24-month post-surgical follow-up pe-
riod. Although twelve adverse events were reported during the study
[1] in the ‘safety population” including all 17 patients originally re-
cruited, none were assessed as ‘related’, or ‘possibly related’ to the
investigational device (i.e., Catalyst). Of the adverse events, four were
unrelated to both the device or procedure (i.e., stroke, cancer, back
pain after a fall and gallstones). The remaining were related to the
procedure and consisted of three wound infections, one seroma in the
subcutaneous fat, one case of radiculitis, and three instrumentation
failures (i.e., two sub-optimal pedicle screw placements; one result-
ing in a L5 pedicle fracture). Three patients were withdrawn from the
study before the 3-month follow-up evaluation; one was diagnosed
with a pancreatic head tumor, and two had revision surgery due to
problems with sub-optimal pedicle screw placement and had the
bone graft removed during their revision surgery.

Discussion

The first 14 human subjects to receive OssDsign’s Catalyst®
nanosynthetic bone graft were all found to have successfully fused
after 24-months post-surgical follow-up when assessed via CT scans.
Previous results reported for this study reported fusion rates of 64%
(n=9/14) at 6-months follow-up and 93% (n=13/14) at the 12-month
post-surgical follow-up evaluation.1 The final patient showed good
fusion at the 24-months post-surgical follow-up after showing fusion
progressing well at 12-months post-surgery; hence a final result of
100% fusion rate in this first, but small cohort of patients. These re-

sults compare favorably with other state-of-the-art synthetic bone
grafts using the same TLIF surgical approach, which have reported
post-surgical 12-month fusion rates ranging from 77% to 100% [23-
31]. The 6-month post-surgical fusion rate of 64% (assessed via CT)
is comparable to the 6-month early fusion rate of 62.5% (assessed via
x-ray) reported by vonderHoeh, et al. [23] for Iliac crest bone graft,
the accepted ‘gold standard’ for bone graft, and are better than the
83% fusion rate (assessed via CT) reported at 12-months. Clinical
outcomes data from PROMS produced significant clinical improve-
ments. The higher the ODI or VAS score between 0-100, the greater
the indication of functional disability, or pain [36]. When compared
to baseline scores a minimally clinically significant difference (MCID)
is accepted as a movement of 15 points (30%) when a 0-100 scoring
scale is used such as for ODI and VAS where pre-surgical scores start-
ed at >40% [32,35-37].

In this study, although there was significant improvement mea-
sured at all visits, particularly in reduction in back pain in VAS, the ODI
failed to a reach 30% difference from the mean baseline score but did
reach a difference of 23 and 27% improvement from baseline at 6 and
12-months follow-up from a mean pre-surgical score of 42%, which
was more than the 222% improvement identified by van Hooff [38] in
his review of 1288 spine fusion patients as indicating the achievement
of an acceptable symptom state and can hence be used as a criterion
of treatment success alongside the other commonly used outcome
measures. Clinical outcome results which included VAS, ODI, and SF-
36 showed significant symptom relief which remained at 24-month
follow-up and were evident at each previous follow-up evaluation1.
Patients with 24-month post-surgical follow-up reported no adverse
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events signifying a lack of clinical outcome deterioration. This study
adds significant value to current literature regarding nanosynthetics
and their safety and efficacy in spinal fusion and provides an update
to previously published data from the 12-month interim analysis of
the study [1,39].

Limitations of the Study

In this first-in-human study, the number of patients was low and
the study was conducted at a single- center. OssDsign Catalyst® per-
formed well but it is recognized that in this study the patient selection
was targeted to certain physical health, and only one level of lumbar
surgery. A larger multi-center registry study has now commenced to
compare these results with real-world all-comers data for OssDsign
Catalyst® in surgical use as an extender or replacement bone graft.

Conclusion

This prospective series indicated OssDsign Catalyst®, a new
nanosynthetic calcium phosphate bone graft substitute, demon-
strates consistent and rapid bone healing and remodeling, with cor-
responding good patient outcomes.
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