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Abstract

Background: The advent of minimally invasive techniques has
significantly advanced sacroiliac joint (SIJ) fusion procedures. Previous
studies have reported improvements in pain and functional improvement
using Visual Analog Scale (VAS) and the Oswestry Disability Index
(ODI) following SIJ fusion. Clinical outcomes have been modest, with
some patients not achieving the Minimal Clinically Important Difference
(MCID) in pain and functional improvement with respect to certain
techniques and approaches. The TiLink-P®, SIJ fusion implant is a novel
3D-printed titanium implant with an advanced surface technology designed
to improve patient outcomes in SIJ fusion via a posterior approach. This
study aimed to assess the efficacy of the TiLink-P® Minimally Invasive SIJ
fusion procedure and implant in a case series.

Methods: A multicenter retrospective analysis included four US sites.
Patients who were previously treated with TiLink-P® between October
1, 2023 to January 4, 2024, were consecutively screened for eligibility.
De-identified demographic data, preoperative pain, disability scores, and
postoperative outcomes at approximately one year were collected. The
primary outcome measures were changes in pain using NRS (Numeric
Rating Scale) or VAS and disability using ODI from preoperative to
approximately one-year postoperative.

Results: A total of 21 subjects were included for analysis with a mean age
of 66.6 years, and a mean BMI of 32.1 . The mean follow-up period was
11.6 months. Compared to the preoperative values, the follow up back
pain score (VAS) and ODI values improved 60.3%, from 83.3to 31.1 (p <
0.0001) and 71.9% from 52.8 to 8.3 (p = 0.001) respectively.

Clinical Relevance: There were no device or procedure events during
the study period. Pain and ODI scores were statistically improved at
approximately 1 year follow-up.

Conclusions/Level of Evidence: The TiLink-P® posterior SIJ fusion
system demonstrated significant pain reduction and functional improvement

scores without procedure or device-related adverse events.

Keywords: Transfix, Nano surface technology, 3D printed titanium,
minimally invasive surgery, sacroiliac joint (SI1J) fusion, compression

Introduction

Low back pain represents a significant financial burden in the United States
[1]. Recent research highlights the sacroiliac joint (SIJ) as a possible pain
generator, with estimates between 15% to 30% of low back pain attributed to
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the SIJ [2,3]. Traditional management of SIJ pain begins with
conservative management. Patients who do not experience
improvement are then referred to interventional therapies,
such as steroid injections and lateral branch ablation. Surgery
is considered when a patient has failed conservative care after
six months [4, 5].

While open SIJ fusion procedures have been performed
since the 1920s, advancements in minimally invasive
techniques have emerged to minimize the recovery period
[6]. These minimally invasive approaches have gained
widespread adoption by focusing on improving pain and
disability/functional improvement scores, including the
Visual Analog Scale (VAS) and the Oswestry Disability
Index (ODI) [4, 7, 8]. Previous studies have evaluated the
impact of fusion on patient reported outcomes (PROs) across
various approaches and implant materials and designs [9].

Martin et al. summarized a substantial body of literature
indicating improvements in disability and pain as measured
by ODI, VAS, and Numeric Pain Scale (NRS) using a
lateral trans iliac approach [9, 10-12]. Despite these notable
improvements in PROs, the overall observed clinical
improvement was modest [11]. A prospective, randomized
controlled trial of 141 subjects who underwent lateral SIJ
fusion were evaluated at 6 and 24 months following surgery.
The authors reported that approximately 30% of subjects
did not meet the minimum clinically important difference
(MCID) for VAS, and 27% did not meet MCID for ODI [13].
Similarly, in a single arm prospective study of 172 subjects,
16% failed to meet MCID for VAS, and 34% of subjects did
not meet MCID for ODI [14]. Both studies defined MCID as
a change of greater than 20 points for VAS, and greater than
a 15 point change for ODI.

Data supports that the lateral approach in an SIJ
fusion procedure presents significant safety risks [14, 15].
Specifically, Polly et al. reported that 22 out of 102 subjects
experienced device or procedure related adverse events
(21.6%) [15]. A systematic review of 14 studies including
720 subjects reported a procedure-related complication rate
of 11.1%, with surgical wound infection being the most
common adverse event, and a 2.6% revision rate. It should
be recognized that the specific complication profile of the
procedure had not been thoroughly characterized [14].

The current study involves the TiLink-P posterior implant
(Figure 1).

This novel and innovative 3D printed titanium posterior
S1J fusion standalone implant is designed with an open trellis
(lattice) structure, a transfixing compression anchor, and
Nanotex® (Bloomfield Hills, MI) surface technology. The
implant is designed to transfix the ilium and sacrum while
simultaneously compressing the sacroiliac joint to enhance
stability and promote improved functional outcomes.

NOVEL COMPRESSION ANCHOR
& LOCKING SCREW

Figure 1: The Ti-Link posterior SIJ fusion implant(left) indicating
transfixation of the SIJ (right).

The aim of this prospective study was to ascertain
the effectiveness of the TiLink-P® SIJ Fusion System at
approximately one-year post-surgery in a case series using
established PROs as a measure.

Materials and Methods

This was a multi-center, retrospective study evaluating
the performance of SIJ fusion using TiLink-P®. This study
included four US sites, with patients who were treated with
TiLink-P from October 1, 2023, through January 4, 2024,
and screened consecutively for eligibility. This time frame
marks the initial experience with the device following FDA
clearance on September 25, 2023. The study inclusion and
exclusion criteria are shown in Table 1.

Table 1: Study Eligibility: Inclusion-Exclusion criteria.
Inclusion Criteria
1. | Previously treated on-label with standalone unilateral or bilateral TiLink-P®
2. | Diagnosed with SIJ pain or degenerative sacroiliitis

3. | Atleast 21 years of age at the time of surgery

Have completed baseline and 12-month postoperative patient reported

4,
outcomes

Exclusion Criteria

1. | Index surgery is a revision of a previous sacroiliac fusion

2. | Diagnosed with other known sacroiliac pathology such as:
+ Sacral dysplasia
+ Inflammatory sacroiliitis (e.g. ankylosing spondylitis or other HLA-
associated spondyloarthropathy
+ Tumor
+ Infection
+ Acute fracture
+ Crystal arthropathy

3. | History of recent (<1 year) major trauma to pelvis prior to index surgery

4. | Previously diagnosed osteoporosis (defined as prior T-score < -2.5 or history
of osteoporotic fracture) or prior use of drug therapy for osteoporosis

5. | Known allergy to titanium or titanium alloys
6. | Patient was a prisoner or a ward of the state at the time of surgery

7. | Patient was pregnant at the time of surgery
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Data were collected for all subjects meeting the study
inclusion criteria. Baseline demographics, medical history,
hospital utilization, and postoperative outcomes, including
the incidence of adverse events, were systematically
recorded and analyzed. Due to varying patient availability
for follow-up across multiple sites, the one-year follow-up
period was found to be a mean of (11.6 + 1.7) months post-
surgery and will be termed “approximately 1 year follow
up”. Patient reported outcomes (PROs) were collected
at preoperative baseline and at approximately one-year
postoperative. A one-sample t-test was conducted to test
the null hypothesis that the mean follow-up duration did not
differ from 12 months. The analysis confirmed that reporting
the postoperative observation period as “approximately
1-year follow-up” was appropriate (Prism v10, GraphPad
Software, San Diego, CA).

Patients were placed in prone position on a radiolucent
table under general anesthesia or monitored anesthesia care
(MAC). Multiaccess fluoroscopic guidance, including inlet
oblique, outlet oblique, and lateral views were used. The SIJ
was identified using the inlet oblique view. The entry point
was identified below the inferior aspect of the posterior
superior iliac spine and then an incision was made. Surgeons
subsequently advance the guide pin into the joint, confirming
trajectory with outlet oblique and lateral fluoroscopic views.
A soft tissue dilator was placed over the guide pin down to
the posterior margin of the sacrum using a lateral view. The
drill guide was advanced over the dilator until firmly docked
over the medial aspect of the ilium and the lateral aspect of
the sacrum. The long tangs into the SIJ were confirmed with
lateral, outlet oblique, and a gun barrel view. The soft tissue
dilator and guide pin were removed. The drill was advanced
through the drill guide to a positive stop thereby decorticating
the joint while using outlet oblique and lateral views to
confirm proper depth and trajectory. The drill was removed,
and the implant inserter was advanced with the anchor wings
down to a positive stop. At this point surgeons confirm the
anchor transfixed the SIJ with outlet oblique and lateral views
(Figure 2).

Figure 2: Intraoperative surgical positioning of the TiLink-P®
implant resulting in SIJ compression and transfixing (A, oblique
view) (B, lateral view).
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A hexalobe driver was used to deploy the screw to fixate
and hold the anchor in place. Finally, the implant inserter was
removed, and the joint was post packed with approximately
Scc of bone graft biologic material behind the TiLink-P SIJ
fusion implant.

The primary objective was to assess the effectiveness of
the study device as measured by pain and disability scores
using PROs including NRS as it relates to SIJ pain, and
ODI. PROs were collected from preoperative visits and at
approximately one year postoperatively. For NRS, patients
rated their pain on a numerical rating scale from 0 - 10. Due
to varied pain scores reported across different clinics, pain
scores were rescaled to a standardized Visual Analogue Scale
(VAS) from 0 - 100 - point score for analysis. This method
has been evaluated and justified in previous published
research [16, 17]. For VAS, patients marked their pain on
a 0 - 100 mm line. In either case 0 indicates no pain and 10
or 100 signifies the worst pain conceivable. Disability scores
were calculated based on patients’ responses to the ODI
questionnaire. A score of 0 indicates no disability and 100
indicates complete disability.

Additionally, MCID and substantial clinical benefit
(SCB) were evaluated. MCID was defined as a difference of
20 points for pain (on the 0 — 100 scale) and 15 points for ODI
[18, 19]. SCB thresholds for pain was defined as a 25-point
difference or an improvement of at least 41.4%. The SCB
threshold for ODI was established as an 18.8-point difference
or improvement of at least 36.8% [20, 21]. Furthermore, the
percentage of patients with at least 20% improvement in pain
and function were also calculated.

The secondary objective was to assess the safety of the
TiLink-P® system by reporting the incidence of procedure or
device-related Serious Adverse Events (SAE) and Secondary
Surgical Interventions (SSI) at the index surgery site within
the follow-up period. Reported SAEs would be adjudicated
by an independent reviewer blinded to the clinical care and
outcomes of the subjects.

Statistical analyses included descriptive statistics reported
as mean and standard deviations for numerical variables
and counts and percentages for categorical variables. Pre-
to-postoperative differences were assessed by Wilcoxon
matched-pairs sign ranked test. Post-hoc power analyses
were performed to determine the power (1 - B) achieved to
detect significant differences in the respective PROs from
preoperative to respective follow-up. Missing data was not
imputed. All statistical tests were performed using Statistical
Package for the Social Sciences (SPSS, IBM, v28, Armonk,
NY). It should be noted that subjects who underwent a
second SIJ fusion surgery on the contralateral side of the
index procedure within their one-year postoperative time
window were excluded from the analysis due to possible
pain and disability symptoms that could not be differentiated
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between the two surgeries. Data collection, verification,
and aggregation were coordinated by an independent third-
party contract research organization under confidentiality
agreement. The CRO operated independently from the
product manufacturer and had no role in patient care, clinical
decision-making, or data interpretation. All data were
de-identified before analysis and reviewed in collaboration
with the participating investigators to ensure accuracy and
objectivity.

Results

A total of 24 subjects met the study entrance criteria.
However, three subjects were excluded due to having a
secondary SIJ fusion on the contralateral side within the
follow-up period. As aresult, 21 subjects were included in the
analysis. The remaining 21 subjects consisted of 17 females
and 4 males. The mean subject age was (66.6 = 10.1) years
and mean BMI was (32.1 £ 8.0). Most subjects were never
smokers (61.9%), while 33.3% were either former smokers
or had an unknown smoking status. The mean follow-up time

Table 2: Demographic and surgical data.

Parameter Result
Age (years), mean (SD) 66.6 (10.1)
BMI, mean (SD) 32.1(8.0)
Sex, N (%)

Male 4 (19.0%)

Female 17 (81.0%)

Smoking Status, N (%)
Never 13 (61.9%)
Previous 3 (14.3%)
Current 1(4.8%)
Unknown 4 (19.0%)

Facility Type, N (%)
4 (19.0%)
17 (81.0%)

Qutpatient Hospital

Ambulatory Surgery Center

Score

Sl Joint, N (%)
Left 12 (57.1%)
Right 9 (42.9%)

EBL (ml), mean (SD) 6.2 (6.8)

LOS (days), mean (SD) 0.1(0.3)
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was (11.6 = 1.7) months. The 1 sample t-test comparing the
study follow-up period to 12 months was not statistically
significant (P > 0.25). Hence a 1-year term definition for
follow-up is acceptable. Demographic and surgical data are
reported in Table 2.

Table 3: Patient reported outcomes illustrating statistically
significant decreases at 1 year follow up compared to pre-operative
levels. (Top) VAS Pain scores decreased (P < 0.0001). (Bottom)
ODI decreased (P =0.001).

Patient Reported Outcome
N Pre-Operative Post-Operative | P Value
VAS Pain, Mean (SD) | 21 83.3(14.3) 31.1(27.1) <0.0001
ODI, Mean (SD) 12 52.8 (19.8) 8.3(14.9) 0.001

Most surgeries (81.0%) in this study were performed at
an ambulatory surgery center (ASC), with the remaining
19% of subjects treated at an outpatient hospital. No patients
required an inpatient stay. Nine subjects (42.9%) had their
right SI joint treated, and 12 subjects (57.1%) had their left
SI joint treated. The estimated blood loss was (6.2 £+ 6.8) ml.
All subjects were discharged on the same day, except for
one subject who required an overnight stay. Patient reported
outcomes are reported in Table 3 and displayed graphically
in Figure 3.

TiLink-P® Case Study - Pain
P <0.0001

83.33 + 14.26

31.05 + 27.07

Score

1 Yr Pain Score

Pre-Op Pain Score
Time Point

TiLink-P® Case Study - ODI

P =0.0010 B

80 I

. | 5275+ 19.78

8.25 + 14.85

T
Pre-Op ODI 1YrODI

Time Point

Figure 3: Patient reported outcomes illustrating statistically
significant decreases at 1 year follow up compared to pre-operative
levels. (A) VAS Pain scores decreased (P < 0.0001). (B) ODI
decreased (P =0.001).
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Respective improvements in scores are shown in Table 4.

Table 4: Improvement in Part Outcomes (PROs) for VAS Pain and ODI Disability measures.

Patient Reported Outcome Improvement

N A
VAS Pain, mean (SD) 21 52.3(32.3)
ODI, mean (SD) 12 44.5 (24.7)

The mean preoperative back pain score, VAS, was (83.3
+ 14.3), which significantly improved to (31.1 + 27) at the
approximate one-year postoperative time point (P < 0.001).
The mean improvement was (52.3 £ 32.3) points, representing
a 60% improvement from preoperative pain levels. Eighteen
of the 21 subjects (85.7%) achieved MCID, and 16 (76.2%)
achieved SCB for back pain improvement. Twelve of the 21
subjects also had completed pre-and postoperative ODI for
analysis, which also demonstrated significant improvement.
The mean preoperative ODI score was (52.8 + 19.8) and
significantly improved to (8.3 + 14.8) at the approximate
one-year postoperative time point (P =0.006). The mean ODI
improvement was (44.5 & 24.7) points, representing a 71.9%
improvement in disability from preoperative evaluation.
All but one of the subjects with ODI data available (91.7%)
achieved both MCID and SCB for disability improvement.
In addition, 85.7% of the subjects reported a VAS pain scale
improvement greater than 20% while 91.7% of the subjects
manifested an ODI functional improvement greater than 20%.

No serious adverse events (SAEs) related to the device
or procedure, and no secondary surgeries occurred during the
study period. To evaluate the strength of the study results,
post-hoc power analyses were performed. These analyses
demonstrated a statistical power greater than 90% (1-f >
0.9) for both Visual Analog Scale (VAS) pain scores and
Oswestry Disability Index (ODI) outcomes, indicating a very
high likelihood that the study was adequately powered to
detect meaningful differences in these clinical measures.

Discussion

This study evaluated SIJ fusion from a posterior approach
and demonstrated improved outcomes over those reported
with minimally invasive lateral approaches. PROs from
this case series demonstrated a high percentage of subjects
achieving MCID and SCB improvements in pain and
disability. These improvements exceed the rates reported in
earlier studies, which ranged from 66% to 85% [13, 14, 18].
Additionally, the mean improvement in ODI was increased in
the current study using a transfixation method compared with
a previous report of distraction arthrodesis. More specifically,
the current series demonstrated a 44.5-point improvement
compared with a 7.1-point improvement at one-year

MCID SCB

% Improvement N (%) N (%)
60.3 (35.6) 18 (85.7%) 16 (76.2%)
71.9 (58.6) 11(91.7%) 11(91.7%)

postoperative as reported by Endres et al [22]. A previous
meta-analysis reported a higher mean ODI improvement of
25.9 points in lateral approach SIJ fusions, but still lower than
the improvement observed in this study which demonstrated
and ODI improvement of (71.9 £+ 58.6), (P < 0.03, 1 sample
t-test). The same meta-analysis reviewed 57 cohorts totaling
2,851 patients and reported an average pain improvement of
4.8 points on a 0 - 10 scale. This is similar to the observed
improvement of (52.3 £ 32.3)%, (P > 0.5, 1 sample t test)
on a 0 - 100 scale in the current study [23]. These results
show incremental substantial gain versus previously reported
outcomes in lateral SIJ approaches, supporting the use of the
TiLink-P posterior SIJ fusion system [9]. The current study
results also suggest that the TiLink-P SIJ fusion system is
an effective alternative solution to the lateral approach given
low reported blood loss, zero serious adverse events, and no
adverse events. The study results report an improvement over
previously published literature on the lateral approach to SIJ
fusion [15]. Shamrock et al. performed a meta-analysis and
reported an overall complication rate of 11.1% across 14
studies including 720 patients. The most frequently observed
adverse events were surgical wound infection or drainage
(2.1%), trochanteric bursitis (1.3%), and hematoma formation
(1.1%). The revision rate was 2.6%. Device-related events
occurred in 3.1% of cases, with nerve root impingement being
the most common occurrence [14]. In addition, particularly
with the placement of implants from the lateral approach,
there have been reports of blood loss and/or hematoma
formation due to injury of the superior gluteal artery 24, 25].
None of these adverse events were observed in the current
study. Finally, length of stay was also substantially decreased
in the current study as compared to lateral SIJ fusion. Polly et
al. reported 55.9% of patients had a 1-2-day hospital stay and
2.9% were hospitalized for three days, whereas in this study,
all but one patient was discharged the same day [15].

Limitations of this study include its retrospective
design. However, all subjects were consecutively screened
for eligibility to minimize bias. While the study involves a
small sample size, a post-hoc power analysis confirmed that
it achieved well above the gold standard of 80% power to
detect clinically meaningful improvements in both pain and
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disability measures. Calculation of Cohen’s d to determine
relevant effect size resulted in values of 2.41 and 2.54
respectively for Pain and ODI. The threshold for a large
effect and therefore mitigation for a small sample size is only
0.8 [26]. More specifically, the effects difference is so large
that a small sample size can suffice to detect a statistically
significant difference with sufficient power. An additional
limitation is the lack of a corresponding SIJ fusion control
group. Additionally, being a multi-center study with a
diverse demographic representation, the results may be more
generalizable and reproducible.

Conclusions

The findings of this study support the efficacy of the
TiLink-P sacroiliac joint fusion system for the treatment
of sacroiliac joint dysfunction, including sacroiliac joint
disruptions and degenerative sacroiliitis. TiLink-P® is a 3D
printed titanium implant with Nanotex® surface technology,
specifically engineered to transfix and compress the sacroiliac
joint through a posterior approach. Patient reported outcome
data demonstrated both statistically significant functional
improvement and clinically meaningful reductions in
pain and disability. Favorable safety findings, including
low intraoperative blood loss and the absence of device or
procedure related serious adverse events, further underscore
the clinical utility of this system as a treatment option for
sacroiliac joint fusion.
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