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OBJECTIVE  The purpose of this study was to evaluate the safety and efficacy of a posterior facet replacement device, 
the Total Posterior Spine (TOPS) System, for the treatment of one-level symptomatic lumbar stenosis with grade I de-
generative spondylolisthesis. Posterior lumbar arthroplasty with facet replacement is a motion-preserving alternative to 
lumbar decompression and fusion. The authors report the preliminary results from the TOPS FDA investigational device 
exemption (IDE) trial.
METHODS  The study was a prospective, randomized controlled FDA IDE trial comparing the investigational TOPS 
device with transforaminal lumbar interbody fusion (TLIF) and pedicle screw fixation. The minimum follow-up duration 
was 24 months. Validated patient-reported outcome measures included the Oswestry Disability Index (ODI) and visual 
analog scale (VAS) for back and leg pain. The primary outcome was a composite measure of clinical success: 1) no 
reoperations, 2) no device breakage, 3) ODI reduction of ≥ 15 points, and 4) no new or worsening neurological deficit. 
Patients were considered a clinical success only if they met all four measures. Radiographic assessments were made by 
an independent core laboratory.
RESULTS  A total of 249 patients were evaluated (n = 170 in the TOPS group and n = 79 in the TLIF group). There were 
no statistically significant differences between implanted levels (L4–5: TOPS, 95% and TLIF, 95%) or blood loss. The 
overall composite measure for clinical success was statistically significantly higher in the TOPS group (85%) compared 
with the TLIF group (64%) (p = 0.0138). The percentage of patients reporting a minimum 15-point improvement in ODI 
showed a statistically significant difference (p = 0.037) favoring TOPS (93%) over TLIF (81%). There was no statistically 
significant difference between groups in the percentage of patients reporting a minimum 20-point improvement on VAS 
back pain (TOPS, 87%; TLIF, 64%) and leg pain (TOPS, 90%; TLIF, 88%) scores. The rate of surgical reintervention for 
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The etiology and clinical presentation of stenosis 
due to degenerative spondylolisthesis has been well 
characterized,1–6 but its treatment remains contro-

versial.7–10 There is evidence dating back decades support-
ing the efficacy of surgical treatment, but debate exists 
whether decompression alone or decompression and sta-
bilization with arthrodesis is the best treatment.11–13 De-
compression alone is a less morbid procedure in terms of 
operative dissection and recovery time, but this procedure 
is predicated on the concept that there is enough intrinsic 
spinal stability remaining at the operative segment even 
after removal of supporting structures such as lamina, 
ligaments, and a portion of the facets. Primary modes 
of failure involving this procedure include inadequate 
decompression to preserve stability as well as postoper-
ative instability due to decompensation following decom-
pression. Decompression and stabilization are typically 
achieved with laminectomy followed by instrumented fu-
sion. This procedure results in greater morbidity in terms 
of soft-tissue dissection and recovery time, but it allows 
for aggressive decompression and interrupts the degenera-
tive process by imparting stability on the operated seg-
ment. This necessarily results in loss of segmental motion 
while placing increased stresses on adjacent levels.14–16

Spinal arthroplasty has experienced increasing adop-
tion since its introduction in the US with the FDA approv-
al of the Charité lumbar total disc replacement (TDR) in 
2002.16,17 Cervical TDR has received more rapid accep-
tance compared with lumbar TDR. There are currently 
only two lumbar TDR devices that are FDA approved 
and marketed in the US, ProDisc-L (Centinel Spine) and 
activ-L (Aesculap), which are placed through an ante-
rior retroperitoneal approach. Both are indicated to treat 
mechanical low-back pain due to lumbar spondylosis.18,19 
There are no FDA-approved devices for posterior arthro-
plasty or facet replacement. Several facet replacement de-
vices have entered FDA investigational device exemption 
(IDE) studies over the past 2 decades, including the Ana-
tomical Facet Replacement System (Globus Medical), the 
Total Facet Arthroplasty System (Globus Medical), and 
the Total Posterior Spine (TOPS) System (Premia Spine), 
but only the TOPS device remains in an active IDE trial. 
The TOPS device has been used outside the US with more 
than 10-year clinical and radiographic follow-up.20–23 Dy-
namic stabilization with spinal arthroplasty offers several 
theoretical advantages over traditional rigid stabilization 
with fusion, including the preservation of normal kine-
matics and load distribution of the natural spine without 
increasing adjacent-level stresses.24–26

This paper reports the preliminary results from the 
TOPS FDA IDE trial comparing the investigational TOPS 
System cohort with the transforaminal lumbar interbody 
fusion (TLIF) control group.

Methods
Device Design

The TOPS System is a posterior, pedicle screw–based 
artificial facet replacement device. The TOPS System 
consists of a motion device (TOPS motion implant) and 
four pedicle screws. The TOPS motion implant is a device 
comprising two titanium endplates connected by a poly-
carbonate urethane boot. Housed between the titanium 
endplates is an internal motion mechanism made of tita-
nium and polycarbonate urethane articulating parts and an 
interlocking woven polyetheretherketone ribbon (Fig. 1). 
The top and bottom articulating parts are attached to their 
respective upper and lower titanium endplates. The flex-
ible boot and the internal articulating parts allow relative 
movement between the endplates, so the device can main-
tain a normal range of motion (ROM) in axial rotation, 
lateral bending, extension, flexion, and translation when 
implanted into the human spine. The boot not only encap-
sulates the articulating core but also protects the neigh-
boring soft tissue and dura from being compressed by the 
moving parts and contains any potential wear debris. The 
TOPS motion implant is available in various sizes to meet 
a range of human anatomy and for implantation at the spi-
nal levels of L2–3, L3–4, or L4–5. The device is intended 
to provide dynamic stability and maintain motion follow-
ing decompression with laminectomy and facetectomy.

This FDA IDE trial initiated enrollment in 2017 with 
a prospective, randomized controlled multicenter study 
(clinical trial registration no.: NCT03012776, ClinicalTri-
als.gov). Patients with grade I spondylolisthesis with symp-
tomatic stenosis were randomized 2:1 TOPS versus TLIF 
according to individual site-specific randomization alloca-
tions with randomly varying block sizes of 6 or 9 patients. 
No stratification was performed in the randomization. In-
stitutional review board approval was obtained at all par-
ticipating institutions, and all patients provided written in-
formed consent. Patients were qualified for inclusion in the 
study and consented to participate in the trial. Thereafter, 
the clinical site was informed of the device randomization 
by an independent third party. Patients remained blinded 
to their procedure until after surgery. Surgeons and study 
coordinators were not blinded to randomization. Inclusion 
and exclusion criteria are provided in Table 1.

facet replacement in the TOPS group (5.9%) was lower than the TLIF group (8.8%). The TOPS cohort demonstrated 
maintenance of flexion/extension range of motion from preoperatively (3.85°) to 24 months (3.86°).
CONCLUSIONS  This study demonstrates that posterior lumbar decompression and dynamic stabilization with the 
TOPS device is safe and efficacious in the treatment of lumbar stenosis with degenerative spondylolisthesis. Addition-
ally, decompression and dynamic stabilization with the TOPS device maintains segmental motion.
Clinical trial registration no.: NCT03012776 (ClinicalTrials.gov)
https://thejns.org/doi/abs/10.3171/2022.7.SPINE22536
KEYWORDS  posterior lumbar arthroplasty; degenerative spondylolisthesis; TOPS device; motion preservation
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Clinical Outcome Assessment
Patients were evaluated preoperatively; at hospital dis-

charge; at 6 weeks; and at 3, 6, 12, and 24 months after 
surgery. Patient-reported outcome measures included the 
Oswestry Disability Index (ODI) and visual analog scale 
(VAS) for back and leg pain. The primary outcome was a 
composite measure of clinical success, at 24 months, con-
sisting of 1) no revision, removal, or supplemental fixation; 
2) no device breakage; 3) ODI reduction of ≥ 15 points; and 
4) no new or worsening neurological deficit. Patients were 
considered a clinical success if they met all four measures. 
Secondary outcome evaluations included the percentage 
of patients achieving minimal clinically important dif-
ference in the ODI of 30% improvement, and VAS for 
back and leg pain with a 20-point improvement as well 
as patient-reported use of narcotic medication and patient 
satisfaction. Primary and secondary outcomes were as-
sessed among the per-protocol group, which included pa-
tients in the intention-to-treat (ITT) group who underwent 
either the investigational or the control procedure and did 
not have significant protocol deviations. Three patients (2 
in the TOPS group and 1 in the TLIF group) were ad-
judicated by an independent Clinical Events Committee, 
comprising 3 spine surgeons, to have significant protocol 
deviations and were excluded from the per-protocol group.

Safety was assessed by evaluating adverse events 
(AEs), subsequent index-level surgical procedures, and 
maintenance or improvement in neurological status. AEs 
were recorded by the investigators, and the Clinical Events 
Committee reviewed all events and categorized them ac-
cording to severity (mild, moderate, and severe) and rela-
tion to implant and procedure (definitely, probably, possi-
bly, and not related). The rate of supplemental surgical in-
tervention was documented in both treatment groups. All 
safety evaluations were assessed among the ITT group.

Imaging Outcome Assessment
All images were evaluated by an independent core lab-

oratory specializing in image assessment. Radiographic 

evaluation included ROM of the treated levels based on 
flexion/extension and lateral bending radiographs. MRI 
was performed preoperatively and at 24 months postop-
eratively for both cohort groups.

Statistical Design and Analysis
The primary efficacy endpoint for this study utilized a 

composite clinical success (CCS) endpoint in a responder 
analysis assessed at 24 months of follow-up. An individ-
ual patient was considered to have achieved CCS if at 24 
months there was an improvement of at least 15 points 
from baseline on ODI and there was no new or worsen-
ing neurological deficit. Additionally, a case in which a 
patient underwent surgical reintervention or demonstrated 
device breakage or disassembly on radiographic imaging 
was considered a failure. Secondary clinical endpoints in-
cluded clinical improvements in VAS scores for back and 
leg pain, narcotics use over time, and patient satisfaction. 
Differences in binary endpoints were summarized using 
differences in proportions with associated 95% confidence 
intervals and compared between treatment arms using 
Fisher’s exact tests when applicable. The objective of the 
prospective IDE trial was to assess superiority and nonin-
feriority of TOPS versus TLIF with the final sample size 
based on predictive probabilities at multiple prospectively 
defined interim analyses, the first occurring after 240 
patients are enrolled. The minimum sample size is 300. 
The current analysis, in this paper, coincides with the first 
prospectively defined interim analysis, which is scheduled 
to occur after 240 patients are enrolled and is a descrip-
tive analysis of clinically relevant endpoints at 24 months 
of follow-up. The primary measure of 24-month success 
was considered only at 24 months. Variables reported at 
other time points were considered independently and are 
important in considering trajectory of outcomes over time. 
There were no covariates. The primary endpoint for the 
IDE trial (superiority/noninferiority) is not being tested in 
this current analysis.

Descriptive statistics were used to compare baseline 
characteristics for both treatment groups using standard-
ized mean differences and 95% confidence intervals for 
continuous variables, differences in percentages and 95% 
confidence intervals for binary variables, and Fisher’s ex-
act tests for categorical variables.

Results
A total of 249 patients were evaluated comparing the 

investigational TOPS group (n = 170) with the control 
TLIF group (n = 79). There were no statistically signifi-
cant differences between implanted levels (L4–5: TOPS, 
95% and TLIF, 95%) or blood loss. An overview of the 
groups is provided in Table 2. There were no statisti-
cally significant differences between groups with respect 
to demographic data, levels operated, operative time, or 
estimated blood loss. The overall composite measure for 
clinical success was statistically significantly higher in the 
TOPS group (85%) compared with the fusion group (64%) 
(p = 0.0138) (Fig. 2). Among the individual measures of 
the CCS endpoint, the TOPS group trended toward better 
outcomes in all four measures compared with the TLIF 

FIG. 1. The TOPS device investigated in the current study. The device 
consists of titanium articulating elements with polyurethane buffers and 
a polyurethane housing to contain any wear debris. © Premia Spine Ltd., 
published with permission. Figure is available in color online only.
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TABLE 1. Inclusion and exclusion criteria

Inclusion Criteria

Age btwn 35 & 80 yrs
Must demonstrate at the level to be treated (L2–3, L3–4, or L4–5) all of the following: degenerative spondylolisthesis or retrolisthesis up to grade I, as 

determined by the investigator based on flexion/extension radiographs; at least moderate lumbar spinal stenosis, defined as >33% reduction in the 
central canal, lateral recess space, &/or foramen when compared w/ an adjacent level, as determined by the investigator based on MRI; & thicken-
ing of the ligamentum flavum &/or scarring of the facet joint capsule as identified by the investigator based on MRI

Have had at least 6 mos of failed conservative treatment prior to op (e.g., physical therapy, use of anti-inflammatory medications at maximum recom-
mended dosage; administration of epidural/facet injections &/or nerve block)

Have a baseline ODI score of ≥40/100
Have leg pain w/ a baseline VAS score of ≥40/100 for at least 1 leg
Neurogenic claudication (as defined by worsening leg/buttock symptoms when walking or standing, which is reduced when sitting or bending forward)
Be psychosocially, mentally, & physically able to fully comply w/ the clinical protocol
Be willing to adhere to the follow-up schedule & protocol requirements
Be willing & able to understand & sign the study-specific, IRB-approved consent form

Exclusion Criteria

>1 motion segment involved in degenerative pathology that requires op
Presence of free fragment disc herniation or prior discectomy at index level or either adjacent level
<4 mm of disc height at the index level
Spondylolisthesis > grade I
Traumatic or dysplastic spondylolisthesis
Lytic spondylolisthesis
Back or nonradicular leg pain of unknown etiology
Stenosis caused by an extruded spinal disc fragment (e.g., herniation) or where the etiology is considered congenital, iatrogenic, posttraumatic, or 

metabolic
Known allergy or sensitivity to PEEK, titanium, cobalt chrome, &/or polyurethane
Prior op at any lumbar vertebral level w/ instrumentation; prior op at index vertebral level or either adjacent lumbar vertebral level w/o instrumentation 

(exception: prior intervention of posterior elements at index level)
Clinically compromised vertebral bodies at the affected level due to any traumatic, neoplastic, metabolic, or infectious pathology
Scoliosis >10° by major Cobb angle (both angular & rotational)
Morbid obesity defined as BMI >40
Osteoporosis (lumbar spine T-score < −2)
Paget’s disease, gout, osteomalacia, osteogenesis imperfecta, thyroid &/or parathyroid gland disorder, &/or any other metabolic bone disease that has 

not been stabilized w/ ongoing medication for ≥1 yr
Active infection, systemic or local
Active hepatitis
AIDS, HIV, rheumatoid arthritis, or other autoimmune disease
Tuberculosis, active or in the past 3 yrs
Active malignancy, history of any invasive malignancy (except nonmelanoma skin cancer) unless prior treatment w/ curative intent & there have been 

no clinical signs or symptoms of the malignancy for ≥5 yrs
Any medical condition requiring treatment w/ any drug known to potentially interfere w/ bone/soft-tissue healing or receiving radiation therapy that is 

expected to continue for study duration
Cauda equina syndrome or neurogenic bowel/bladder dysfunction
Vascular claudication due to severe arterial insufficiency of the legs (prospective subjects will be screened by physical examination for diminution or 

absence of dorsalis pedis or posterior tibialis pulses; if diminished or absent by palpation, an arterial ultrasound is required w/ vascular plethysmog-
raphy; if the absolute arterial pressure is <50 mm Hg at the calf or ankle level, the pt has severe arterial insufficiency & must be excluded)

Sustained pathologic lumbar fractures of the vertebra or multiple lumbar fractures of the vertebra or hip
Significant peripheral neuropathy causing decreased sensation in a stocking-like or nonradicular & nondermatomal distribution in the lower extremities
Insulin-dependent diabetes mellitus (unless well controlled, defined as HbA1c <7%)
Immunologically suppressed, receiving steroids >1 mo of the past yr
Currently taking anticoagulants other than aspirin unless the subject can be taken off anticoagulant prior to & during op

CONTINUED ON PAGE 5 »
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group. The percentage of patients reporting a minimum 
15-point improvement in ODI score was 93.1% for the 
TOPS group versus 80.6% for the TLIF group. The inci-
dence of removal, revision, or supplemental fixation was 
2.9% in the TOPS group and 6.3% in the TLIF group. No 
patients in the TOPS group experienced device breakage 
or disassembly (0.0%), whereas 1 patient (3.2%) in the 
TLIF group had device breakage or disassembly. Final-
ly, a new or worsening neurological deficit was reported 
in 3.4% of patients in the TOPS groups versus 12.1% of 
patients in the TLIF group. The rate of surgical reinter-
vention among all treated patients, ITT group, for facet 
replacement was lower in the TOPS group (5.8%) than in 
the TLIF control group (8.8%).

Patient-Reported Outcome Measures
Successful outcome on the ODI, defined as a score 

improvement of at least 30% (on scale of 100) at the 
24-month follow-up, occurred in 95.0% of the TOPS 
group and 73.1% of the TLIF group (p = 0.004). The mean 
ODI scores improved significantly in both the TOPS and 
TLIF groups from preoperatively (TOPS, 56.9; TLIF, 
56.4) to the 6-week follow-up (TOPS, 23.7; TLIF, 30.6). 
Both groups remained significantly improved throughout 
the 24-month follow-up, with the TOPS group showing 
mean improvement of 48.4 and the TLIF group showing 
mean improvement of 36.2.

Back and Leg Pain
A statistically significant difference in the improvement 

in back pain, defined as a minimum 20-point improve-
ment in the VAS score, was observed at the first postoper-
ative time point (6 weeks), where 83.5% of patients in the 
TOPS group met the improvement criteria versus 65.8% 
of the TLIF group (p = 0.004). This trend continued at 
24 months, where a statistically significant difference was 
again observed between the TOPS group and the TLIF 
group (TOPS, 87.0%; TLIF, 64.0%; p = 0.015).

Improvement in leg pain, defined as the percentage of 
patients reporting a minimum 20-point improvement on 
VAS, was significant for both groups, where 90% of the 

TOPS group and 88% of the TLIF group met the improve-
ment criteria (Fig. 3).

Narcotics Usage
Narcotics use over time followed similar trends for both 

treatment groups, and no statistically significant difference 
was observed at any time point. However, at 24 months, 
only 9.9% of TOPS patients used opioid pain medication 
compared with 25.3% of patients preoperatively. In com-
parison, 22.2% of patients in the TLIF control group used 
opioids at 24 months compared with 30.4% preopera-
tively. This difference, 9.9% versus 22.2%, although not 
statistically significant, is clinically meaningful given the 
addictive potential of opioid medication.

Patient Satisfaction
A significant portion of both the TOPS and TLIF con-

trol groups demonstrated a greater than 2.5-point im-
provement at each follow-up time point. Specifically, at 
the 6-week follow-up time point, 96.2% (n = 153/159) of 
patients in the TOPS group demonstrated a greater than 
2.5-point increase in Zurich Claudication Questionnaire 
(ZCQ) satisfaction score compared with 94.5% (n = 69/73) 
of TLIF control subjects (p = 0.511). This treatment ben-
efit was maintained throughout the 24-month follow-up, 
where 92.5% (n = 74/80) of TOPS subjects demonstrated a 
greater than 2.5-point increase in ZCQ satisfaction scores 
compared with 88.5% (n = 23/26) of fusion control sub-
jects (p = 0.686).

Safety
Safety was evaluated by the absence of new or worsen-

ing neurological deficit at 24 months, AEs beginning at the 
onset of surgery, and radiographically identified breakage 
or disassembly. Three patients (3.4%) in the TOPS group 
experienced a new or worsened sensory deficit, and no pa-
tients (0.0%) experienced a new or worsened motor defi-
cit. Four patients (12.1%) in the TLIF group experienced 
a new or worsened sensory deficit, and no patients (0.0%) 
experienced a new or worsened motor deficit.

» CONTINUED FROM PAGE 4

TABLE 1. Inclusion and exclusion criteria

Exclusion Criteria

Life expectancy <3 yrs
Currently experiencing an episode of major mental illness (psychosis, major affective disorder, or schizophrenia), or manifesting physical symptoms 

w/o a diagnosable medical condition to account for the symptoms, which may indicate symptoms of psychological rather than physical origin
History of or current chemical/alcohol dependency
Smoking habit of >1 pack of cigarettes/wk &/or frequent users (>1/wk) of chewing tobacco
Pregnant or interested in becoming pregnant in the next 3 yrs (due to need for radiographs)
Currently involved in active spinal litigation
Currently having a workers’ compensation claim
Currently incarcerated
Participation in any other investigational drug, biological, or medical device study w/in 30 days prior to study op

Pt = patient.
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Surgical Reintervention
Surgical reintervention was classified as any revision, 

removal, reoperation, or supplemental fixation at any lum-
bar level. In the TOPS group, 10 patients (5.8%) reported 
at least one surgical reintervention, and in the TLIF group, 
7 patients (8.8%) reported at least one surgical reinterven-
tion (Table 3). The most common reasons for these reinter-
ventions were unresolved pain and wound complications.

Range of Motion
Among patients with a minimum of 24 months of fol-

low-up, the ROM in both flexion/extension and left/right 
lateral bending was measured at the index level preopera-
tively and at 12 months and 24 months after surgery in 
both treatment groups. Preoperative ROM measurements 
for both treatment groups were similar in flexion/exten-
sion (TOPS, 3.75°; TLIF, 4.39°) and left/right lateral bend-
ing (TOPS, 3.25°; TLIF, 3.34°). Postoperatively, at both 
12 months and 24 months, the TOPS group demonstrat-

ed maintenance of motion. There was almost no change 
in flexion/extension from preoperatively to 12 months 
(−0.07°) and 24 months (0.01°), while change in left/right 
lateral bending increased slightly from preoperatively to 
12 months (−0.68°) and 24 months (0.50°).

The TLIF group, as expected, demonstrated a signifi-
cant reduction in ROM in both flexion/extension and left/
right lateral bending at the postoperative time points. 
ROM at 12 months and 24 months in flexion/extension de-
creased −3.33° and −3.18°, respectively. Similarly, ROM in 
left/right lateral bending decreased −2.22° at 12 months 
and −2.46° at 24 months (Fig. 4).

Discussion
The surgical treatment of lumbar spinal stenosis due 

to spondylolisthesis remains hotly debated.6–8,27 In a re-
cent randomized controlled trial, Austevoll and associ-
ates reported that decompression alone was noninferior 
to decompression with instrumented fusion at the 2-year 

FIG. 2. CCS at 24 months, defined as 1) no revision, removal, or supplemental fixation; 2) no device breakage; 3) ODI reduction of 
≥ 15 points; and 4) no new or worsening neurological deficit.

FIG. 3. Percentage of patients reporting an improvement of at least 20 mm on VAS pain scales for back pain (left) and leg pain 
(right). Pt. = point.
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follow-up.6 The primary outcome measure was a mean re-
duction in the ODI score of at least 30%, with 71.4% of the 
decompression-alone group and 72.9% of the decompres-
sion and fusion group meeting that threshold. The mean 
reductions in ODI scores were 20.6 and 21.3, respectively. 
The reoperation rate was higher in the decompression-
alone group (12.5%) versus the decompression and fusion 
group (9.1%), although the difference was not statistically 
significant. The present study showed a nearly identical 
minimum 30% mean ODI reduction in the TLIF group 
(73.1%), but significantly higher rates of minimum 30% 
ODI reduction in the TOPS group (95%). The surgical re-
intervention rate was notably lower in the present study for 
the TOPS group (5.8%). This finding is especially note-
worthy considering that the high rate of reoperation is a 
common criticism of decompression alone.

In 2016, two separate randomized controlled trials eval-
uating decompression alone and decompression and stabi-
lization for the treatment of stenosis and spondylolisthe-
sis produced different results with diametrically opposite 
conclusions.7,8 Försth and associates reported no signifi-
cant difference in ODI scores between the decompression-
alone and decompression and fusion cohorts.7 The mean 
ODI score reductions were only modest, with mean reduc-
tions of 17 in the decompression-alone group and 15 in the 

decompression and fusion group. Furthermore, Försth et 
al. reported nearly identical reoperation rates for the de-
compression-alone and decompression and fusion cohorts 
at 21% and 22%, respectively. The authors concluded that 
in patients with lumbar spinal stenosis, with or without 
spondylolisthesis, decompression and fusion did not result 
in better clinical outcomes. This conclusion appears root-
ed in similar, modest improvements in disability as well 
as similar reoperation rates for both the decompression-
alone and decompression and stabilization groups. At 24 
months, the present study demonstrated a relatively high 
mean ODI reduction of 36.2 points in the TLIF group and 
an even more robust mean ODI reduction of 48.4 points in 
the TOPS group.

Ghogawala and coauthors also reported a nonstatisti-
cally significantly different ODI score reduction at 2 years 
of 17.9 for decompression alone versus 26.3 for decompres-
sion and fusion.8 However, there was a significantly higher 
reoperation rate in the decompression-alone cohort (34%) 
compared with the decompression and fusion group (14%) 
(p = 0.05). The authors concluded that the addition of fu-
sion produced clinically meaningful improvement over 
decompression alone. This conclusion appears based on 
similar, modest clinical improvements in both groups but 
significantly lower reoperation rates in the fusion cohort.

TABLE 3. Surgical reinterventions
TOPS (n = 172) TLIF (n = 80)

No. of  
SRs

No. of Pts  
(%)

Mean No.  
of Days

No. of  
SRs

No. of Pts  
(%)

Mean No.  
of Days

Durotomy 4 2 (1.2) 23 1 1 (1.3) 11
Wound complication 3 3 (1.7) 33 0 0 (0.0) 0
Drain complication 2 2 (1.2) 27 0 0 (0.0) 0
Adjacent-segment disease 0 0 (0.0) 0 3 3 (3.8) 380
Pseudarthrosis 0 0 (0.0) 0 1 1 (1.3) 771
Pedicle screw misplacement 1 1 (0.6) 5 0 0 (0.0) 0
Implant migration/loosening 1 1 (0.6) 517 1 1 (1.3) 32
Unresolved pain 3 3 (1.7) 483 3 2 (2.5) 323
Total 14 10 (5.8) 180 9 7 (8.8) 261

SR = surgical reintervention.

FIG. 4. Angular ROM in flexion/extension (left) and left/right lateral bending (right).
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In the present study, we report statistically significant 
clinical improvements in both groups from baseline as 
well as relatively low reoperation rates. The composite 
measure for clinical success was statistically significant-
ly higher in the TOPS group (85%) compared with the 
TLIF group (64%) (p = 0.0138). Additionally, a minimum 
15-point improvement in ODI favored arthroplasty over 
fusion (93.1% vs 80.6%, p = 0.078). The clinical results 
of fusion patients in the present study are consistent with 
the previous fusion cohorts and are inferior to the clini-
cal results of the arthroplasty cohort.1,6,​7,​10,​12,27 Decompres-
sion with dynamic stabilization allows for aggressive de-
compression with total facetectomy followed by dynamic 
stabilization. This procedure allows for a more thorough 
decompression characterized by fusion procedures while 
still maintaining motion at the index level without placing 
increased stresses at adjacent levels.

One of the noteworthy distinctions between the studies 
by Austevoll, Försth, and Ghogawala and their colleagues 
was the difference in reoperation rates between groups.6–8 
The reoperation rate is lower in the present study for fac-
et replacement (5.8%) compared with its TLIF control 
group (8.8%), which is similar to the fusion control in 
the study by Austevoll et al. (9.1%) and lower than the 
fusion cohort revision rate in the studies by Försth et al. 
(22%) and Ghogawala et al. (14%). Furthermore, facet ar-
throplasty offers the potential for less reoperation in the 
future at adjacent levels due to preservation of motion. 
Of the 10 patients (5.8%) who underwent reoperation in 
the TOPS group, none of the surgeries were for adjacent-
level disease; only 2 (1.2%) were device-related, one for 
pedicle screw misplacement and one for pedicle screw 
loosening. The remaining 8 patients underwent reopera-
tion because of a retained wound drain (2 patients, 1.2%), 
wound complications of seroma or infection (3 patients, 
1.7%), durotomy (2 patients, 1.2%), and unresolved pain 
(3 patients, 1.7%). Two patients underwent more than one 
reoperation.

There are no FDA-approved arthroplasty devices for 
the treatment of degenerative lumbar spondylolisthesis. 
Furthermore, there are no FDA-approved posterior lumbar 
arthroplasty devices. There are two FDA-approved lumbar 
artificial discs, but these devices are placed through the 
more precarious anterior retroperitoneal approach. Chal-
lenges typically associated with anterior lumbar arthro-
plasty include the need for an anterior exposure surgeon 
and an inability to directly decompress the neural ele-
ments.16–18 Perhaps the most important distinction between 
anterior lumbar TDR and posterior facet replacement is 
the primary surgical indication. Lumbar TDR is primar-
ily indicated to treat axial low-back pain, a controversial 
indication for surgical treatment. Conversely, posterior 
lumbar arthroplasty is indicated to treat lumbar neuro-
genic claudication and radiculopathy due to stenosis and 
spondylolisthesis. There is solid evidence that stenosis due 
to degenerative spondylolisthesis represents a reasonable 
surgical indication, although the ideal procedure remains 
controversial. Lumbar facet replacement utilizes the fa-
miliar posterior approach and allows for a wide decom-
pression with facetectomy and foraminotomy. The poste-
rior approach is the workhorse approach for lumbar spine 

surgery. Similar to the anterior approach to the cervical 
spine, the posterior lumbar approach is the most common 
surgical approach, offers familiar anatomy, and allows for 
both direct and indirect decompression of the neural ele-
ments. Furthermore, the posterior lumbar approach, like 
the anterior cervical approach, is typically utilized to ad-
dress neural compression presenting with radiculopathy or 
neurogenic claudication.

TLIF is a common surgical procedure with a well-
characterized efficacy and safety profile. One of the ad-
vantages of decompression and stabilization in the treat-
ment of spondylolisthesis includes the ability to interrupt 
the underlying degenerative process by resecting the of-
fending pathological facets. Furthermore, the decompres-
sion can be more thorough compared with decompression 
alone, which is limited by the need to maintain residual 
stability. A recent meta-analysis by Pranata and associ-
ates compared decompression alone versus decompres-
sion and fusion and reported statistically greater clinical 
efficacy for decompression and fusion.27 Complications, 
including reoperations, were not statistically different be-
tween the two procedures. The primary disadvantage of 
TLIF is the loss of motion at the index level as well as the 
increased stresses placed at adjacent levels.13 The present 
study showed improvement in neurological status in the 
arthroplasty group along with a similar length of surgery, 
operative blood loss, and AE profile in both groups. This 
finding indicates that the TOPS device can adequately 
decompress the neural elements without sacrificing physi-
ological motion, which may explain the improved clinical 
results compared with fusion. The improvement in back 
pain seen in the TOPS group may be due to the direct re-
section of the pathologically degenerated facets as well as 
the dynamic stability imparted by the artificial facet.

Weaknesses of the present study include adherence to 
strict inclusion criteria typical of industry-sponsored FDA 
IDE trials, which may limit generalization to the more het-
erogeneous real-world population. Furthermore, as an in-
dustry-sponsored trial, observer and expectation bias can 
affect study results. The follow-up is short-term, and any 
meaningful discussion of adjacent-level disease requires 
long-term follow-up.

Conclusions
Posterior facet replacement with the TOPS device dem-

onstrates the ability to provide adequate decompression 
while providing dynamic stabilization by limiting abnor-
mal spinal motion and maintaining physiological motion. 
Facet arthroplasty serves as a viable alternative to decom-
pression and fusion in patients with stenosis due to degen-
erative grade I spondylolisthesis.

Acknowledgments
We thank the other TOPS Study Group investigators for their 

contributions to the study: Arjun Sebastian, MD, and Brett Freed-
man, MD (Mayo Clinic); Kent New, MD (St. Vincent’s Jackson-
ville); Alain Fabi, MD (Bronson Neuroscience); David Tahernia, 
MD (Eisenhower Medical); Vivek Kushwaha, MD (Orthopaedic 
Associates Houston); Faheem Sandhu, MD, and Bobby Kalantar, 
MD (Georgetown Medical Center); Nick Phan, MD (Cabell Hun-
tington Hospital); Eric Potts, MD, Jean-Pierre Mobasser, MD, 

Authenticated tzahi.shmueli@gmail.com | Downloaded 09/28/22 06:40 AM UTC



Coric et al.

J Neurosurg Spine  September 23, 202210

and Saad Khairi, MD (Goodman Campbell); Andy Kranenburg, 
MD (Providence Medford); James Zucherman, MD, and Ken 
Hsu, MD (Dignity St. Mary’s); Neel Anand, MD, Eli Baron, MD, 
Jason Cuellar, MD, and Chris Kong, MD (Cedars-Sinai); Harel 
Deutsch, MD (Rush Presbyterian); Scott Webb, DO (Florida 
Spine Institute); Joshua Wind, MD, and Joshua Ammerman, MD 
(Sibley-Hopkins); Vikas Patel, MD, and Eve Burger, MD (Uni-
versity of Colorado); Ted Belanger, MD (Texas Back Institute); 
Jared Ament, MD (Adventist Glendale); Alan Villavicencio, MD 
(Boulder Neurosurgical); Mitch Levine, MD, Jon Oren, MD, and 
David Langer, MD (Lenox Hill); Michael Oh, MD (UC Irvine); 
Mark Oppenlander, MD, and Osama Kashlan, MD (University 
of Michigan); Joseph Cheng, MD (University of Cincinnati); 
Mark Gerber, MD (NASA Neuroscience); and Jim Lindley, MD 
(Memorial Spine Savannah).

References
  1.	 Abdu WA, Sacks OA, Tosteson ANA, et al. Long-term results 

of surgery compared with nonoperative treatment for lumbar 
degenerative spondylolisthesis in the Spine Patient Outcomes 
Research Trial (SPORT). Spine (Phila Pa 1976). 2018;​43(23):​
1619-1630.

  2.	 Fischgrund JS, Mackay M, Herkowitz HN, Brower R, Mont-
gomery DM, Kurz LT. 1997 Volvo Award winner in clinical 
studies. Degenerative lumbar spondylolisthesis with spinal 
stenosis:​ a prospective, randomized study comparing de-
compressive laminectomy and arthrodesis with and without 
spinal instrumentation. Spine (Phila Pa 1976). 1997;​22(24):​
2807-2812.

  3.	 Herkowitz HN, Kurz LT. Degenerative lumbar spondylolis-
thesis with spinal stenosis. A prospective study comparing 
decompression with decompression and intertransverse pro-
cess arthrodesis. J Bone Joint Surg Am. 1991;​73(6):​802-808.

  4.	 Resnick DK, Choudhri TF, Dailey AT, et al. Guidelines 
for the performance of fusion procedures for degenerative 
disease of the lumbar spine. Part 9:​ fusion in patients with 
stenosis and spondylolisthesis. J Neurosurg Spine. 2005;​2(6):​
679-685.

  5.	 Schroeder GD, Kepler CK, Kurd MF, et al. Rationale for the 
surgical treatment of lumbar degenerative spondylolisthesis. 
Spine (Phila Pa 1976). 2015;​40(21):​E1161-E1166.

  6.	 Austevoll IM, Hermansen E, Fagerland MW, et al. Decom-
pression with or without fusion in degenerative lumbar spon-
dylolisthesis. N Engl J Med. 2021;​385(6):​526-538.

  7.	 Försth P, Ólafsson G, Carlsson T, et al. A randomized, con-
trolled trial of fusion surgery for lumbar spinal stenosis. N 
Engl J Med. 2016;​374(15):​1413-1423.

  8.	 Ghogawala Z, Dziura J, Butler WE, et al. Laminectomy plus 
fusion versus laminectomy alone for lumbar spondylolisthe-
sis. N Engl J Med. 2016;​374(15):​1424-1434.

  9.	 Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical versus 
nonsurgical treatment for lumbar degenerative spondylolis-
thesis. N Engl J Med. 2007;​356(22):​2257-2270.

10.	 Brodke DS, Annis P, Lawrence BD, Woodbury AM, Daubs 
MD. Reoperation and revision rates of 3 surgical treatment 
methods for lumbar stenosis associated with degenerative 
scoliosis and spondylolisthesis. Spine (Phila Pa 1976). 2013;​
38(26):​2287-2294.

11.	 Martin BI, Mirza SK, Comstock BA, Gray DT, Kreuter W, 
Deyo RA. Reoperation rates following lumbar spine surgery 
and the influence of spinal fusion procedures. Spine (Phila 
Pa 1976). 2007;​32(3):​382-387.

12.	 Ong KL, Auerbach JD, Lau E, Schmier J, Ochoa JA. Periop-
erative outcomes, complications, and costs associated with 
lumbar spinal fusion in older patients with spinal stenosis and 
spondylolisthesis. Neurosurg Focus. 2014;​36(6):​E5.

13.	 Harrop JS, Youssef JA, Maltenfort M, et al. Lumbar adjacent 
segment degeneration and disease after arthrodesis and total 

disc arthroplasty. Spine (Phila Pa 1976). 2008;​33(15):​1701-
1707.

14.	 Sears WR, Sergides IG, Kazemi N, Smith M, White GJ, 
Osburg B. Incidence and prevalence of surgery at segments 
adjacent to a previous posterior lumbar arthrodesis. Spine J. 
2011;​11(1):​11-20.

15.	 Meyers K, Tauber M, Sudin Y, et al. Use of instrumented 
pedicle screws to evaluate load sharing in posterior dynamic 
stabilization systems. Spine J. 2008;​8(6):​926-932.

16.	 Smorgick Y, Mirovsky Y, Floman Y, Rand N, Millgram M, 
Anekstein Y. Long-term results for total lumbar facet joint 
replacement in the management of lumbar degenerative spon-
dylolisthesis. J Neurosurg Spine. 2020;​32(1):​36-41.

17.	 Garcia R Jr, Yue JJ, Blumenthal S, et al. Lumbar total disc 
replacement for discogenic low back pain:​ two-year outcomes 
of the activL multicenter randomized controlled IDE clinical 
trial. Spine (Phila Pa 1976). 2015;​40(24):​1873-1881.

18.	 Guyer RD, Pettine K, Roh JS, et al. Five-year follow-up of a 
prospective, randomized trial comparing two lumbar total 
disc replacements. Spine (Phila Pa 1976). 2016;​41(1):​3-8.

19.	 Coric D, Zigler J, Derman P, Braxton E, Situ A, Patel L. Pre-
dictors of long-term clinical outcomes in adult patients after 
lumbar total disc replacement:​ development and validation of 
a prediction model. J Neurosurg Spine. 2022;​36(3):​399-407.

20.	 Yue JJ, Garcia R, Blumenthal S, et al. Five-year results of 
a randomized controlled trial for lumbar artificial discs in 
single-level degenerative disc disease. Spine (Phila Pa 1976). 
2019;​44(24):​1685-1696.

21.	 Anekstein Y, Floman Y, Smorgick Y, Rand N, Millgram M, 
Mirovsky Y. Seven years follow-up for total lumbar facet 
joint replacement (TOPS) in the management of lumbar spi-
nal stenosis and degenerative spondylolisthesis. Eur Spine J. 
2015;​24(10):​2306-2314.

22.	 Gu BJ, Blue R, Yoon J, Welch WC. Posterior facet replace-
ment and arthroplasty. Neurosurg Clin N Am. 2021;​32(4):​
521-526.

23.	 Haleem S, Ahmed A, Ganesan S, McGillion SF, Fowler JL. 
Mean 5-year follow-up results of a facet replacement device 
in the treatment of lumbar spinal stenosis and degenerative 
spondylolisthesis. World Neurosurg. 2021;​152:​e645-e651.

24.	 McAfee P, Khoo LT, Pimenta L, et al. Treatment of lumbar 
spinal stenosis with a total posterior arthroplasty prosthesis:​ 
implant description, surgical technique, and a prospective 
report on 29 patients. Neurosurg Focus. 2007;​22(1):​E13.

25.	 Heuer F, Schmidt H, Käfer W, Graf N, Wilke HJ. Posterior 
motion preserving implants evaluated by means of interver-
tebral disc bulging and annular fiber strains. Clin Biomech 
(Bristol, Avon). 2012;​27(3):​218-225.

26.	 Wilke HJ, Schmidt H, Werner K, Schmölz W, Drumm J. 
Biomechanical evaluation of a new total posterior-element 
replacement system. Spine (Phila Pa 1976). 2006;​31(24):​
2790-2797.

27.	 Pranata R, Lim MA, Vania R, Bagus Mahadewa TG. De-
compression alone compared to decompression with fusion 
in patients with lumbar spondylolisthesis:​ systematic review, 
meta-analysis, and meta-regression. Int J Spine Surg. 2022;​
16(1):​71-80.

Disclosures
This was an industry-funded FDA investigational device exemp-
tion trial. The study sites received financial support for participat-
ing in the study from Premia Spine.
Dr. Coric: stock ownership in Premia Spine; consultant for Pre-
mia Spine, Spine Wave, Globus Medical, Medtronic, Integrity 
Implants, SpineArt, and NuVasive; funding to institution for this 
study from Premia Spine; and royalties from Spine Wave, Glo-
bus Medical, Medtronic, Integrity Implants, Stryker Spine, and 
Surgalign. Dr. Nassr: research funding to institution from Premia 

Authenticated tzahi.shmueli@gmail.com | Downloaded 09/28/22 06:40 AM UTC



J Neurosurg Spine  September 23, 2022 11

Coric et al.

Spine and 3Spine; and fellowship funding to institution from AO 
Spine NA. Dr. Robbins: stock ownership in Premia Spine; and 
consultant for Surgalign, Curasan, and Innovasis. Dr. DeLuca: 
consultant for Premia Spine, CTL Amedica, and Spineology; 
research funding from Premia Spine; and advisory board for 
Cerapedics. Dr. Pirris: advisory panel for Cerapedics; consultant 
for MedCyclops; and stock ownership in Nexsis and ORHub. Dr. 
Groff: royalties from SpineArt and NuVasive; and consultant for 
Bioventus and Nanohive. Dr. Chi: consultant for DePuy Spine 
and Stryker Spine. Dr. Whitmore: consultant for DePuy Synthes 
Spine and Intrinsic Therapeutics; and stockholder with OnPoint 
Surgical. Dr. Meyer: consultant for Stryker and Globus. Dr. Patel: 
consultant for Centinel Spine and NuVasive. Dr. Orr: consultant 
for Stryker Spine. Dr. Krishnaney: consultant for Stryker. Dr. 
Anekstein: consultant for and stock options from Premia Spine. 
Dr. Steinmetz: royalties from Globus, Zimmer/Biomet, and Else-
vier; consultant for Globus and Cerapedics; and honorarium from 
Globus.

Author Contributions
Conception and design: Coric. Acquisition of data: Coric, Nassr, 
Welch, Robbins, Whiting, Chahlavi, Pirris, Groff, Chi, Huang, 
Kent, Whitmore, Meyer, Arnold, Patel, Orr, Krishnaney, Boltes, 
Steinmetz. Analysis and interpretation of data: Coric, DeLuca. 
Drafting the article: Coric, Kim. Critically revising the article: 
Coric, Nassr, Kim, Arnold, Anekstein, Steinmetz. Reviewed 
submitted version of manuscript: Coric, Nassr, Kim, Welch, Rob-
bins, DeLuca, Whiting, Chahlavi, Pirris, Groff, Chi, Huang, Kent, 
Whitmore, Meyer, Arnold, Patel, Krishnaney, Boltes, Anekstein, 
Steinmetz. Approved the final version of the manuscript on behalf 
of all authors: Coric.

Correspondence
Domagoj Coric: Carolina Neurosurgery & Spine, Charlotte, NC. 
domagoj.coric@cnsa.com.

Authenticated tzahi.shmueli@gmail.com | Downloaded 09/28/22 06:40 AM UTC


