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ABSTRACT
Background: Interbody fusion is a widely utilized and accepted procedure to treat advanced debilitating lumbar 

degenerative disc disease (DDD). Increasingly, surgeons are seeking interbody devices that are large for stability and grafting 
purposes but can be inserted with less invasive techniques. To achieve these contrary objectives a novel, conformable mesh 
interbody fusion device was designed to be placed in the disc space through a small portal and filled with bone graft in situ 
to a large size. This design can reduce the risk of trauma to surrounding structures while creating a large graft footprint that 
intimately contours to the patient’s own anatomy. The purpose of this Investigational Device Exempt (IDE) trial was to evaluate 
the perioperative and long- term results of this novel conformable mesh interbody fusion device.

Methods: This investigation is a prospective, multicenter, single- arm, Food and Drug Administration and Institutional 
Review Board- approved IDE, performance goal trial. A total of 102 adults presenting with DDD at a single level between 
L2 and S1 and unresponsive to 6 months conservative care had instrumented lumbar interbody fusion. Validated assessment 
tools include 100 mm visual analog scale for pain, Oswestry Disability Index (ODI) for function, single question survey for 
patient satisfaction, and computed tomography (CT) scan for fusion. Patients were enrolled across 10 geographically distributed 
sites. Pain/ODI surveys, physical evaluations, and imaging were performed serially through 24 months. Specifically, CT was 
performed at 12 and, if not fused, 24 months. Independent radiologists assessed CTs for fusion. An independent committee 
adjudicated adverse events. Patients with complete data at 24 months were included in the analysis.

Results: Ninety- six (96, 94% follow- up rate) patients (57.0 ± 12.0 years, 50.0% female, Body Mass Index 30.6 ± 4.9) 
reported average decreased low back pain from baseline of 45.0 ± 26.6 at 6 weeks and 51.4 ± 26.2 at 24 months. Right/left leg 
pain reduced by 28.9 ± 36.7/37.8±32.4 at 6 weeks and 30.5±33.0/40.3 34.6 at 24 months. Mean ODI improved 17.1 ± 18.7 from 
baseline to 6 weeks and 32.0 ± 18.5 by 24 months. At 24 months, 91.7% of patients rated their procedure as excellent/good. 
Fusion rates were 97.9% (94/96) at 12 months, and 99% (95/96) at 24 months. Mean operative time, estimated blood loss, and 
length of stay were 2.6 ± 0.9 hours, 137 ± 217 mL, and 2.3 ± 1.2 days, respectively. No device- related serious adverse events 
have occurred.

Conclusions: Clinically significant outcomes for pain, function, fusion, and device safety were demonstrated in this 
population. Substantial clinical improvements occur by 6 weeks postoperative and continue to improve to 24 months. The 
successful outcomes observed in this trial support use of this novel device in an instrumented lumbar interbody fusion.

Level of Evidence: 3.
Clinical Relevance: This reports substantiates that the preliminary 1- year findings published earlier for this investigation 

are confirmed and the fusion rates and that patient improvements reported are sustained through 2 years.

Lumbar Spine

Keywords: minimally invasive spine surgery, degenerative spondylolisthesis, lumbar interbody fusion, transforaminal lumbar 
interbody fusion, FDA study, investigational device exemption

INTRODUCTION

Interbody fusion for the treatment of advanced debil-
itating degenerative disc disease (DDD) of the lumbar 
spine is widely accepted as reasonable and effective. 
Interbody fusion, the placement of a biomechanical 
device or bone graft in the intervertebral disc space, 

allows for restoration of disc space height, sagittal 
plane alignment, and weight bearing through the ante-
rior column.1–7 The disc space is a preferred location for 
fusion as it provides a large surface area for fusion and 
compressive loads applied to the graft stimulate osteo-
genesis and fusion. While there are various approaches 
to achieve lumbar interbody fusions including anterior, 
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lateral, oblique, transforaminal, and posterior, trans-
foraminal lumbar interbody fusion (TLIF) is the most 
prominent approach worldwide.

Originally introduced to the literature in 1982,8 TLIF 
was developed to address concerns of the posterior 
lumbar interbody fusion (PLIF) approach, specifically 
the degree of neural retraction and potential for nerve 
root injury, dural tears, and epidural fibrosis.9 More 
recently, there has been an increased concentration 
on methods to further minimize potential iatrogenic 
perioperative morbidity. Minimally invasive surgery 
(MIS) techniques have led to less muscle damage, 
bone drilling, and nerve retraction while preserving 
the advantages of PLIF. However, the MIS- TLIF pro-
cedure is still impacted by implant design as the facet 
joint must often be removed to facilitate interbody cage 
insertion.10,11

As MIS techniques and systems have developed in 
other areas of spine surgery,12–15 there has been much 
focus on how they can be applied to MIS- TLIF. The 
ideal system would (1) use an access that does not 
require significant physiologic manipulation or destruc-
tion to deliver an implant; (2) provide an implant that 
can expand in situ to maximize the bone graft footprint 
to maintain structural stability; (3) have multiple planes 
of entry to allow for direct contact between the graft 
and all areas of the endplate interface. We have recently 
completed an evaluation of such a system (Spineology 
Interbody Fusion System, Spineology, St. Paul, MN). It 
is the purpose of this paper to report the 24- month out-
comes of this prospective, multicenter, Food and Drug 
Administration (FDA)- approved investigational device 
exemption (IDE) study.

METHODS

Device

OptiMesh (Spineology, St. Paul, MN) is a biocompat-
ible, radiolucent, porous polyester mesh pouch knitted 
from polyethylene terephthalate thread (Figure 1). 
Polyethylene terephthalate material is widely used to 
make surgical sutures and meshes. In this investigation, 
the device was placed in the disc space through a small, 
8.4 mm portal and filled with bone graft in situ reducing 
the risk of trauma and dissection requirements of sur-
rounding structures. The portal has since been reduced 
to 7 mm. The mesh device is pliable, conformable, and 
strong under tensile and burst forces, as demonstrated 
through in vitro studies including axial compressive 
mechanical testing of the filled device’s load- bearing 
capabilities and overall segmental strength.16 Beyond 

the mechanical testing, the device performed well in an 
animal test model to further assess its biomechanical, 
radiographical and histological properties.17

Study Design

A prospective, multicenter, single- arm, FDA and 
Institutional Review Board- approved Investigational 
Device Exemption (G140140), performance goal trial 
was undertaken to evaluate the safety and efficacy of a 
graft containment and reinforcement device in a TLIF 
application. Patients were enrolled March 2015 through 
January 2018 across 10 geographically distributed sites 
in the United States. To be included in the study, patients 
were required to:

 z Be in need of intervertebral body fusion to treat 
DDD at one level between L2 and S1

 z Be skeletally mature between the ages of 21 and 
80 years

 z Have no greater than grade I spondylolisthesis at 
the operative level

 z Have had at least 6 months of conservative 
treatment

 z Have a preoperative low back pain (LBP) 
score ≥40 mm on a 100 mm visual analog scale 
(VAS)

 z Have a preoperative Oswestry Disability Index 
(ODI) score of ≥40

 z Not have had a previous fusion or total disc 
replacement at the operative level

 z Not have 2 or more levels of symptomatic DDD

Figure 1. OptiMesh device filled and unfilled.
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 z Not be a current tobacco user (within 30 days of 
surgery)

 z Have a body mass index of <40
 z Not have osteoporosis

See Table 1 for a complete list of inclusion and 
exclusion criteria.

After patients were screened preoperatively (base-
line) for all eligibility criteria, they were assessed from 
surgery through discharge from the hospital and at 6 
weeks and 3, 6, 12, and 24 months postsurgery. At 
each time point, patients received a neurological exam 
including sensory, motor, and reflexes assessments. 
Additionally, patients completed the following surveys: 

low back and lower extremities VAS pain, ODI, 36- item 
Short Form Health Survey (SF- 36), postoperative satis-
faction surveys, and work status. Adverse events were 
assessed continuously throughout the study and were 
adjudicated for severity and causality by an indepen-
dent committee. Concomitant medications to manage 
pain were also captured at baseline and throughout the 
study.

Outcome Assessments

The primary outcome measure for the study was 
overall composite success rate of patients at 24 months. 
The composite score consisted of pain, function, fusion, 

Table 1. Study entrance eligibility criteria.

Criteria

Inclusion Criteria
1. Minimum age of 21 y but not greater than 80 y
2. Skeletally mature
3. Have a confirmed diagnosis of lumbar DDD requiring single- level fusion between L2 and S1. Lumbar DDD diagnosis confirmation shall be determined 

by subject history, physical examination, and radiographic studies with one or more of the following factors:
 z   Instability as defined by >3 mm translation or ≥5° angulation
 z   Osteophyte formation of facet joints or vertebral endplates
 z   Decreased disc height, on average by >2 mm, but dependent upon the spinal level
 z   Scarring/thickening of the ligamentum flavum, annulus fibrosis, or facet joint capsule
 z   Herniated nucleus pulposus
 z   Facet joint degeneration/changes
 z   Vacuum phenomenon

4. Report preoperative low back pain score of ≥40 mm on a 100- mm VAS correlating with involved level
5. Report preoperative ODI score of ≥40
6. Received at least 6 months of conservative (nonsurgical) treatment without sufficient relief from symptoms
7. Willing and able to comply with follow- up evaluations per protocol, including completion of self- assessment survey questionnaire(s), and has read, 

understood and signed the sponsor and Institutional Review Board–approved site- specific informed consent form
Exclusion Criteria
1. Previous implant surgery (ie, fusion procedure or total disc replacement) at the index level (Note: Previous less invasive procedures such as laminectomy, 

discectomy, etc, at the index level are not considered exclusionary)
2. Greater than grade I spondylolisthesis
3. Presents with a diagnosis of symptomatic nonindex level lumbar DDD between L2 and S1. Nonindex level lumbar DDD diagnosis confirmation shall be 

determined by subject history, physical examination, and radiographic studies with one or more of the following factors:
 z   Instability as defined by >3 mm translation or ≥5° angulation
 z   Osteophyte formation of facet joints or vertebral endplates
 z   Decreased disc height, on average by >2 mm, but dependent upon the spinal level
 z   Scarring/thickening of the ligamentum flavum, annulus fibrosis, or facet joint capsule
 z   Herniated nucleus pulposus
 z   Facet joint degeneration/changes
 z   Vacuum phenomenon

4. Active systemic infection or infection local to the surgical site
5. Active or suspected malignancy
6. BMI of ≥40
7. Significant metabolic bone disease (eg, osteoporosis or osteomalacia) to a degree that would contraindicate spinal instrumentation. Osteoporosis is 

defined as a T- score of < -2.5 on a DEXA scan A screening questionnaire for osteoporosis, SCORE, will be administered to identify those patients that 
require a DEXA scan (SCORE ≥6 requires DEXA scan)

8. Taking medications that are known to potentially interfere with bone or soft tissues healing (eg, chronic systemic steroids)
9. Has a current diagnosis of substance- related disorder, as defined per DSM- V, May 2013
10. Has a diagnosis of somatoform, dissociative, eating, or psychotic disorder per DSM–V
11. Waddell signs of inorganic behavior (3 or more signs)
12. Is a current tobacco user (current use defined as tobacco use ≤30 d prior to surgery
13. Is a prisoner at the time of enrollment
14. If female: pregnant/contemplating pregnancy during the follow- up period
15. Enrolled in a concurrent clinical investigation that may confound the findings of the present investigation

Abbreviations: BMI, body mass index; DDD, degenerative disc disease; DEXA, dual- energy x- ray absorptiometry; DSM- V, Diagnostic and Statistical Manual of Mental 
Disorders 5th Edition; ODI, Oswestry Disability Index; SCORE, simple calculated osteoporosis risk estimate; VAS, visual analog scale.
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and patient safety. For success, a patient must have met 
each of the following requirements:

 z Pain—Improvement in LBP score evidenced 
by a 20 mm reduction on a 100 mm VAS when 
compared to baseline.18–20

 z Function—Improvement in low back function 
evidenced by a 15- point decrease of the ODI 
score compared to baseline.18–20

 z Fusion—Bridging bone demonstrated on CT 
imaging.

 z Safety—Freedom from investigational device- 
related serious adverse events (SAEs) at the 
index level through the 24- month study interval. 
SAEs were defined as an adverse event that 
requires hospitalization, prolongs or extends the 
hospitalization, is life- threatening, results in a 
congenital anomaly/birth defect, or results in 
death.

Therefore, the study primary endpoint (success) was 
the proportion of patients who met each of the compo-
nents of this composite endpoint at 24 months.

Secondary outcomes assessments included individ-
ual 24- month analysis of low back VAS pain, lower 
extremity VAS pain, ODI, fusion at 12 and 24 months, 
investigational device- related SAEs, study- related AEs, 
neurological status, index and adjacent level radio-
graphic data, patient satisfaction rated on a 4- item mod-
ified Odom Criteria Scale, work status, pain medication 
use, operative time, estimated blood loss, hospitaliza-
tion duration, and SF- 36.

Radiology

Preoperative x- ray imaging, magnetic resonance 
imaging, and/or CT were used to confirm eligibility. AP 
and lateral x- ray images were taken preoperatively, 6 
weeks, 3, 6, 12, and 24 months postsurgery. Flexion- 
extension x- ray images were taken at 6, 12, and 24 
months post- urgery per FDA requirement. CT scans 
were performed at 12 months postsurgery for all patients 
and at 24 months postsurgery for those not determined 
to be fused at the 12- month interval. Fusion was defined 
as bridging bone across the intervertebral space extend-
ing from endplate to endplate as assessed on CT scan. 
All fusion assessments of bridging bone were per-
formed by 2 independent board- certified radiologists. 
In the event of disparate evaluations, a third radiologist 
from the core lab adjudicated the case.

The independent radiologists also reviewed imaging 
for the presence of any of the following: device expul-
sion, migration, subsidence, radiolucency at the implant/

endplate interface, and adjacent level degeneration. For 
each parameter, the following definitions were applied:

 z Expulsion: Device having moved outside the disc 
space

 z Migration: Greater than 5 mm migration of the 
implant from its original position

 z Subsidence: More than 5 mm loss of disc height
 z Significant radiolucency: Greater than 50% of the 

implant/endplate interface showing true lucency 
(ie, black not gray)

 z Adjacent level degeneration: Greater than 5 mm 
loss of disc height and > 3 mm translation on 
flexion- extension views.

All quantitative measurements were performed 
by an independent, commercial radiographic labora-
tory. Flexion- extension x- ray images were measured 
for angulation and translation. Less than 5° of rela-
tive angulation and less than 3 mm of translation 
between flexion and extension x- ray image measure-
ments were predefined as a success. Disc space height 
was measured on neutral lateral x- ray images prior to 
discharge and was used as the baseline for subsequent 
interval measurement comparisons.

Surgical Procedure

Under general anesthesia, either standard open/MIS- 
TLIF surgical techniques or percutaneous transforam-
inal approaches to the spine were employed. Surgeons 
then, using specialized instruments through a small 
working cannula docked in the annulus, removed a 
large volume of disc and prepared the endplate. Before 
proceeding, a contrast- filled compliant balloon (Verify, 
Spineology, St. Paul, MN) was used to confirm the 
completeness of the discectomy and proper endplate 
preparation. Using the working cannula, a mesh device 
was then introduced into the prepared fusion cavity in 
its undeployed state and filled with a mixture of allo-
genic corticocancellous chips and DBM (G2 Dry Mix, 
Musculoskeletal Transplant Foundation, Edison, NJ), 
autograft and marrow in situ obtained either locally or 
from the iliac crest. Iliac crest graft harvest occurred in 
77 patients. Using a rotational deployment technique, 
the device was hypercompacted with the graft mixture 
to expand and conform the mesh and graft to the cavity, 
distract the disc space, and stabilize the motion segment 
by providing a load- bearing construct. The mesh was 
then detached from the inserter and secured using an 
integrated cinch string. Finally, posterior supplemental 
fixation, pedicle screws, were implanted using standard 
techniques. Surgeons were permitted to use pedicular 
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fixation from the Fortress System (Spineology, St. Paul, 
MN) or Expedium or Viper Systems (DePuy Synthes 
Raynham, MA).

Postoperative Care

Postoperative care was prescribed by the treating 
physician and tailored to the needs of each patient. 
However, physicians were encouraged to standard-
ized care across investigative sites with the following 
general instructions to patients:

 z Avoid driving for a minimum of 1 week following 
discharge.

 z Avoid driving while on pain medication.
 z Ambulate as soon as it is comfortable.
 z Observe the following lifting restrictions:

 z Less than 10 pounds for 2 to 4 weeks after the 
operation.

 z Less than 20 pounds through 12 weeks after 
the operation.

 z Limit bending and twisting for a minimum of 4 
weeks after the operation.

 z Use of a lumbar support brace was optional.

Statistical Analysis

Data collected in this study were documented using 
summary tables and patient data listings. Continuous 
variables were summarized using descriptive statis-
tics, specifically the mean and standard deviation are 
reported. Categorical variables were summarized using 
frequencies and percentages and 95% exact (Clopper- 
Pearson) confidence intervals for the true proportions. 
All analyses of effectiveness and safety were based 
upon the treated population defined to be all treated 
patients. All statistical tests were performed at the 0.05 
significance level, unless otherwise indicated (SAS 
v9.2, SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline and Surgery

A total of 102 patients underwent surgery, and 96 
completed the 24- month visit for a 94% follow- up rate. 
In total, 3 patients exited the study early: 2 relocated 
out of area and 1 died of pulmonary thromboembolism. 
Additionally, 3 patients missed a 24- month exam. Of 
those, 2 were last evaluated at 12 months after the pro-
cedure and 1 was evaluated at 12 months and 36 months 
after the operation; 1 was a study success at 12 months 
and the remaining 2 were classed as study failures.

At time of informed consent, patients were aged 
57.6 ± 12.0 years, were evenly distributed between 
genders (50.0% female, 50% male), and had a body 
mass index of 30.6 ± 4.9. Mean ODI score was 53.6 
11.7. Average LBP, right leg pain, and left leg pain 
were 74.1 ± 16.1, 42.9 ± 34.1, and 52.9 ± 32.4, respec-
tively. At baseline, 75.5% (77/102) of patients had 50% 
back pain and 50% leg pain (defined as VAS scores 
being within 20 mm of each other). Of the remaining 
patients, 17.6% (18/102) had predominantly back pain, 
4.9% (5/102) had predominantly leg pain, and 2.0% 
(2/102) had back pain only. In total, 59.8% (61/102) 
of patients demonstrated listhesis (spondylolisthesis 
or retrolisthesis) radiographically and 62.4% (63/101) 
experienced one or more neurological deficiencies at 
baseline.

Eleven surgeries were performed open, 34 were 
performed MIS/TLIF, and 57 were performed per-
cutaneously. Forty- one patients had a direct decom-
pression performed during the index procedure and 
61 had no direct decompression performed during 
the index procedure (indirect decompression from 
the device biomechanical properties). Mean operative 
time was 2.6 ± 0.9 hours, estimated blood loss was 
137 ± 217 mL, and length of stay (LOS) was 2.3 ± 
1.2 days. L4- L5 was the most frequent operative level 
(66.7%) followed by L5- S1 (28.4%), L3- 4 (3.9%), 
and L2- 3 (1.0%). Baseline comorbidities are provided 
in Table 2.

Table 2. Comorbidities at baseline (N = 102).

Parameter n (%)

Respiratory 11 (10.8%)
Cardiovascular 31 (30.4%)
GI/hepatic 10 (9.8%)
General neurologicala 10 (9.8%)
Spine- related neurologicalb 14 (13.7%)
Urinary tract/renal 5 (4.9%)
Endocrinec 20 (19.6%)
General musculoskeletald 18 (17.6%)
Spine- related musculoskeletale 102 (100.0%)
Recent surgery 8 (7.8%)
Otherf 12 (11.8%)

Thirty- seven percent (37%) presented with a single comorbidity while 26% had two, 
21% had three, 9% had four, 6% had five, and 2% had six or more.
aGeneral neurological comorbidities include restless leg syndrome, loss of sensation, 
Parkinson disease, and diabetic neuropathy.
bSpinal neurological comorbidities include foot drop, severe stenosis, lower 
extremity radiculopathy, and pseudoclaudication.
cEndocrine comorbidities include diabetes mellitus (10 of 102, 10%).
dGeneral musculoskeletal comorbidities include fibromyalgia, osteoarthritis, 
psoriatic arthritis, and rheumatoid arthritis.
eSpine- related musculoskeletal comorbidities include, but are not limited to, 
sacroiliac disorders and muscle spasming in addition to all patients having 
symptomatic single- level degenerative disc disease per study entrance criteria.
fOther comorbidities include, but are not limited to, 1 patient with Sjorgen syndrome 
and 1 patient with osteopenia.
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Composite Endpoint

The overall composite success rate of patients at 24 
months was 74% (71/96). Individual component success 
rates were 85.4% (82/96) for LBP, 81.3% (78/96) for func-
tion (ODI), 99.0% (95/96) for fusion, and 100% for safety 
(eg, no investigational device- related SAEs). Average LBP 
was decreased from baseline by 45.0 ± 26.6 mm at 6 weeks 
and 51.4 ± 26.2 mm at 24 months. Mean ODI improved 

17.1 ± 18.7 from baseline to 6 weeks and 32.0 ± 18.5 by 
24 months. See Figure 2 for changes in ODI scores at each 
study time point.

Radiology

Fusion was observed in 95/96 (99%) of cases at 24 
months (Figures 3 and 4). Of the 96 patients evalu-
ated for fusion, a third radiologist at the core lab was 

Figure 2. Mean Oswestry Disability Index (ODI) scores through 24 months.

Figure 3. Representative computed tomographic images demonstrating fusion in a scoliotic 73- year- old man 12 months after surgery.
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called on to adjudicate 6 cases. In all but one case, the 
adjudicator deemed the segment fused. No (0) device 
expulsions or retropulsion of disc material during the 
filling of the device were observed. Measurement of 
the operative level disc height over time revealed the 
following: preoperative 6.5 mm ± 2.3, postoperative 
baseline 9.6 mm ± 2.4, 6 months 7.8 mm + 2.1, 12 
months 7.2 mm ± 2.0, and 24 months 7.0 mm ± 1.8. 
Subsidence was observed in 3 patients with all fused 
at 12 months. Radiolucency was noted in 2 patients at 
12 months. Both fused at 24 months.

Radiographic adjacent level degeneration was not 
noted in any patient.

Neurological Changes

There were two reports (2/102) of clinically signif-
icant neurologic deficits reported postsurgery. For the 
first patient, a foot drop was observed on postopera-
tive day 2. Bracing was prescribed but not used by the 
patient and it was completely resolved by the 6- week 
exam. For the second patient, after complaining of 
thigh numbness and foot drop, additional micro-
decompression at the index level was performed 3 
months postoperative and the patient’s symptoms 
completely resolved.

VAS Pain

As previously reported, LBP scores decreased 
from baseline by 45.0 ± 26.6 mm at 6 weeks and 51.4 
± 26.2 mm at 24 months. Right/left leg pain reduced 

by 28.9 ± 36.7/37.8 ± 32.4 at 6 weeks and 30.5 ± 
33.0/40.3 ± 34.6 at 24 months. See Figure 5 for VAS 
LBP and leg pain scores across the study.

Patient Satisfaction

Patients were asked to rate their satisfaction with 
the surgical procedure as excellent, good, fair, or 
poor. At 24 months, satisfaction was high with 91.7% 
rating their procedure as excellent or good (64.6% 
excellent, 27.1% good, 6.3% fair, and 2.1% poor).

Work Status

At baseline, 52.9% (54/102) patients were working. 
Of the 47.1% (48/102) not working, 16.7% (17/102) 
were due to back pain/injury, 23.5% (24/102) were 
retired, 1.0% (1/102) were students, and 5.9% 
(6/102) were not working for other reasons. At 6 
weeks postoperative, 30.3% (30/99) of patients were 
working. This rate was increased at 3 months from 
surgery (40.0%, 40/100) and was further improved 
at 6 months postoperative where 51.5% (50/97) of 
patients were working. One year from their index 
procedure, 50.5% (50/99) of patients were working 
and a similar rate of employment was observed at 
24 months postoperative (47.9%, 46/96). Of impor-
tance, the rate of patients not working due to back 
injury/pain decreased from 16.7% (17/102) at base-
line to 8.3% (8/96) at 24 months, representing a 50% 
improvement for that group.

Figure 4. Representative computed tomographic images demonstrating fusion in a scoliotic 74- year- old man 24 months after surgery.
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Pain Medication

At baseline, 80.4% (82/102) of patients were using 
medication to manage their back pain. Of those, 49.0% 
(50/102) were using narcotic medication and 69.6% 
(71/102) were using non- narcotic medication to manage 
their LBP. Narcotic use to manage LBP at 24 months was 
decreased to 17.7% (17/96). Non- narcotic pain manage-
ment medication use for LBP decreased to 59.4%. It is 
important to note medication use reporting includes both 
daily and PRN use. This method of reporting is consistent 
from the preoperative visit through 24 months.

SF-36

At baseline, the PCS summary score of the study pop-
ulation was 32.3 ±6.4, below the generalized US popu-
lation mean of 50, as expected. PCS scores increased to 
45.8 ± 11.0 at 12 months and 45.1 ± 10.5 at the 24- month 
timepoint. The study population MCS was also below 
the norm at baseline with a mean MCS score of 46.0 ± 
11.0. Improvement at 12 and 24 months postoperative is 
observed in the mean 12- month MCS score of 50.1 ± 11.8 
and 24- month MCS of 52.5 ± 10.6. See Figure 6 for SF- 36 
scores over time.

Serious Adverse Events

The independent Clinical Events Committee adjudi-
cated 15 adverse events to be study- related SAEs. Of the 

15, 6 required secondary surgical intervention at the index 
level, 3 required surgical intervention at an adjacent level, 
2 hematomas required evaluation, 1 dural leak required 
intraoperative repair, and 3 required hospitalization 
without surgery. One of the 3 patients requiring hospital-
ization without surgery expired resultant of a pulmonary 
thromboembolism. Two of the 6 patients requiring second-
ary surgical intervention at the index level had the device 
explanted, one resultant of improper device placement 
during the index procedure and one for ongoing back/
leg pain. Table 3 presents a tabular listing of these events. 
None of the SAEs were determined to be device related.

Device-Related Adverse Event

There was a single device- related event that was not 
deemed to be an SAE by the Clinical Events Committee 
and the investigator. This event occurred in a 31- year- old 
man with a previous adjacent level disc replacement. The 
patient reported increased low back and right leg pain at 3 
months after the operation. X- ray imaging revealed a L4 
vertebral body endplate fracture that was treated conser-
vatively.

DISCUSSION

Here we report the 24- month outcomes of a prospec-
tive investigational device exempt single- arm study 
evaluating a novel conformable mesh interbody fusion 

Figure 5. Mean low back and leg pain visual analog scale (VAS) scores over time through 24 months.
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device for the treatment of DDD with or without spon-
dylolisthesis requiring single- level fusion. The results 
demonstrate favorable patient- reported outcome mea-
sures as well as exceptionally high fusion rates, and an 
absence of serious device- related complications.

The primary outcome of this study consisted of a 
composite endpoint, combining patient- reported out-
comes, radiographic outcomes, and safety outcomes 
into a single endpoint. At 24 months after surgery, we 
found that overall composite success rate was 74%, cor-
responding to all of the following: a significant improve-
ment in back and/or leg pain, improved quality of life 
scores, successful radiographic fusion, and absence of 
SAEs for the majority of patients. The inclusion and 
reporting of a composite endpoint for overall success 
is relatively rare for lumbar interbody fusion studies. 
However, in the small number of lumbar studies that 
does report a composite endpoint consisting of clinical, 
radiographic, and patient- reported outcomes, overall 

success rates range from 18% to 76%,21–25 placing the 
results of this study at the higher end of the spectrum. 
These results also compare favorably to other novel 
spinal devices, such as for cervical arthroplasty and 
fusion which range from 60% to 80% overall success 
on a composite endpoint.26–29

Individual outcome measures showed that 92% of 
patients rated their satisfaction as good or excellent at 
24 months postprocedure. The overall fusion rate was 
99% at 24 months following review by multiple inde-
pendent radiologists. These are excellent results and 
compare favorably to other studies evaluating fusion 
rates with variable interbody fusion techniques, ranging 
from 70% to 95%.30 With regard to quality of life, 
patients reported significant improvements in back pain 
and leg pain VAS scores as well as ODI scores at the 
initial 6- week postoperative visit. Previous reports on 
the conformable mesh interbody device demonstrated 
good outcomes at 12 months postoperatively,31 but it 
remained uncertain how durable those outcomes might 
be. Here we demonstrate that improvements in pain 
and quality of life scores persisted up to the 24- month 
period. Consistent with previous reports on minimally 
invasive interbody fusion,32,33 the results of this study 
offer encouraging findings relating to clinical outcomes.

In terms of complications, there were no serious 
device- related complications. Two patients had post-
operative neurologic deficit, one of which required 

Figure 6. SF- 36 physical and mental component scores over time.

Table 3. Study- related serious adverse events.

Study- Related Serious Adverse Event n

Required secondary surgical intervention at index level 6
Required surgical intervention at an adjacent level 3
Hematoma requiring evacuation 2
Required intraoperative repair 1
Required hospitalization without surgical intervention 3
Device- related serious adverse events 0

Includes two device explants
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microlumbar decompression at the index level. Both 
patients had resolution of symptoms and return to neu-
rologic baseline within 6 weeks and 3 months, respec-
tively. The total incidence of adverse events, including 
hematomas, durotomy, medical complications, and 
index level or adjacent level disease requiring addi-
tional surgery was 14.7%. This is comparable to other 
MIS- TLIF studies, with one large review of 513 patients 
reporting an overall complication rate of 15.6%.34

Lumbar interbody fusion is a critical tool for the 
treatment of symptomatic lumbar DDD in the setting of 
unremitting back pain and/or radiculopathy.35,36 Multi-
ple techniques have been developed and are now well 
accepted for achieving interbody fusion, with overall 
similar results in terms of patient outcomes and fusion 
rates.37–40 Open surgical techniques, however, require 
a certain degree of tissue manipulation, muscle injury, 
bony drilling, and retraction of neural tissue, all of 
which can contribute to increased patient- reported pain, 
operative time, blood loss, and length of stay.41–43 Tech-
nological advances have allowed for the adoption of 
MIS techniques which minimize tissue disruption and 
may decrease surgical morbidity.12–14 Endoscopic and 
percutaneous techniques, which initially were used for 
simple lumbar decompressive surgery and discectomy, 
have now been expanded to interbody fusion, achieving 
results similar to TLIF, but with smaller incisions and 
less tissue manipulation.44

Conventional open and MIS- TLIF surgery, requires 
a certain degree of facet removal for safe placement of 
a rigid interbody cage which must be passed adjacent 
to the exiting and traversing nerve roots. Resultant of 
the device being placed through a small portal and the 
subsequent deployment in situ, the surgeon can reduce 
the impact on surrounding anatomical structures and 
tissue. Placing the device through a percutaneous tech-
nique to access the interbody space, further allows for 
preservation of the facet joint, which offers the promise 
of expediting postoperative recovery and better preserv-
ing the integrity of the posterior column.33 The use of a 
novel conformable mesh, as presented here, allows for 
minimizing bony removal while still achieving a low 
risk of injury to the nerves or thecal sac because of the 
small profile of the device prior to being deployed in the 
interbody space. Despite the small profile, the device 
can be “expanded” which allows for robust structural 
support, an increase in foraminal size, and ultimately 
fusion across the disc space. The biomechanical proper-
ties of the conformable mesh device have been studied 
as an interbody system and have shown that with poste-
rior fixation, such as pedicle screws, the device is able 

to withstand physiological loads with minimal defor-
mation.45 These features allow for such an expandable 
interbody mesh system to be deployed though an MIS 
approach could provide considerable advantages to 
other methods.

The limitations of this evaluation are the relatively 
small number of subjects and that it was a single arm 
trial which did not compare directly to other established 
methods for achieving interbody fusion. Despite these 
factors, demonstration of the positive outcomes includ-
ing high rates of improved patient self- reported out-
comes, excellent fusion rates, and strong safety profile 
for approximately 100 patients, identifies OptiMesh as 
a viable option for interbody fusion. However, as with 
many advances in medicine, adoption of this technique 
must occur in the context of the abundant literature per-
taining to interbody fusion.

CONCLUSION

This study demonstrates that use of this novel inter-
body fusion device in the treatment of patients with 
single- level degenerative disc disease, with or without 
spondylolisthesis, successfully improved patient symp-
tomology in terms of pain relief and daily activity func-
tions and that they are improved or sustained over time 
through 2 years. The tissue- sparing surgical technique, 
high rates of fusion, and a strong safety record, coupled 
with favorable patient self- reported outcomes, support 
adoption of this unique technology.
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