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Background: Facet arthroplasty, an alternative to lumbar fusion, offers stabilization and preserves range of motion. 

This subanalysis of the TOPS IDE trial (FDA #G160168) compared facet arthroplasty, using the TOPS device, with 

a standard single-level transforaminal lumbar interbody fusion (TLIF) in patients stratified by age ( < 65 and ≥ 65 

years) with symptomatic grade 1 degenerative spondylolisthesis with moderate to severe spinal stenosis at L2-5. 

Methods: Patient-reported outcomes (PROMS), including Oswestry disability index (ODI), visual analog pain 

scales (VAS), and Zurich claudication questionnaires (ZCQ), were assessed at baseline and multiple postoperative 

timepoints. Radiographic evaluation of flexion/extension range of motion (ROM) occurred at baseline, 12 months, 

and 24 months. Data were analyzed following an intention-to-treat model. Significance was defined as p < .05. 

Results: About 299 patients were included (TOPS = 206, TLIF = 93). The groups were similar at baseline. At 2 years, 

the TOPS group had a greater proportion of patients report ≥ 15-point improvement for ODI (93.8% versus 77.1%, 

p = .011) and ≥ 20-point improvement for VAS back (84.4% versus 61.8%, p = .014). At 1 year, TOPS group had 

a greater proportion of patients report clinically significant improvements in all ZCQ categories (91.6% versus 

78.5%, p = .012). In patients < 65 years, the TOPS group had improved PROMS compared to TLIF at 2 years; 

however, these differences were less pronounced in patients ≥ 65 years old. The TOPS groups preserved more 

ROM at 12 (2.8° 95%CI [1.87; 3.74], p < .0001) and 24 (2.99° 95%CI [1.82; 4.15], p < .0001) months compared 

to TLIF. ROM was similarly preserved in patients aged < 65 and ≥ 65. The rate of adverse events did not differ 

significantly between treatment groups. 

Conclusions: Facet arthroplasty preserves more ROM in all ages and leads to improved PROMS compared to TLIF, 

particularly in younger patients. 

B

 

b  

p  

d  

[  

t

s  

[  

f  

e  

t  

m  

[  

h

R

A

2

l

ackground 

Lumbar spinal stenosis and spondylolisthesis are a common cause of

ack pain and indication for surgery [ 1 ]. Lumbar fusion is increasingly

erformed in the United States for the treatment of degenerative disc

isease, spondylolisthesis, and stenosis, particularly in the elderly

 2–5 ]. Decompressive surgery is commonly used for both spinal steno-
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is and spondylolisthesis; however, the addition of fusion is debated

 6–8 ]. Fusion is thought to enhance stability and reduce the need for

uture spinal surgery. In addition to surgeon specific factors, Schneider

t al. found higher grade spondylolisthesis and younger patient age

o be associated with fusion [ 9 ]. Fusion results in decreased range of

otion, and this disruption can lead to adjacent segment degeneration

 10 ]. Decompression alone can preserve the range of motion but may
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Table 1 

Description and results of prior studies investigating the TOPS device. 

Summary of prior studies investigating the TOPS device 

Study Country Study type Patient population Treatment(s) PROMS Radiographic outcomes 

Anekstein et al 

2015 ∗ [ 15 ] and 

Smorgick et al 

2019 ∗ [ 12 ] 

Israel Prospective Indication: One-level symptomatic 

lumbar stenosis with grade 1 

degenerative spondylolisthesis 

Level: L4-5 

Age: 52-69 years 

TOPS (n = 10) Significant decreases in ODI, 

VAS back, VAS leg at 7 and 11 

years; significant increase in 

SF-36 at 7 and 11 years 

Flexion/extension ROM 

averaged 6.1, 5.08, 4.78, and 

4.5 at baseline, 3 months, 1 

year, 7 years, and 11 years 

Coric et al 2023 

[ 13 ] 

US, Israel Prospective 

RCT; TOPS IDE 

trial ∗ 

Indication: One-level symptomatic 

lumbar stenosis with grade 1 

degenerative spondylolisthesis 

Level: L4-5 (95%) 

Age: 38-80 years 

TOPS 

(n = 170), TLIF 

(n = 79) 

More TOPS patients achieved 

MCID for ODI and VAS back 

at 2 years; insignificant 

difference in achieving MCID 

for ZCQ satisfaction and VAS 

leg at 2 years 

TOPS group maintained 

significantly greater 

flexion/extension and lateral 

bending ROM at follow-up 

Haleem et al 

2021 [ 16 ] 

United 

Kingdom 

Prospective Indication: One-level symptomatic 

lumbar stenosis with grade 1 

degenerative spondylolisthesis 

Level: L3-3 (n = 3), L4-5 (n = 7) 

Age: 51-71 

TOPS (n = 10) Significant decreases in ODI, 

VAS back, VAS leg, ZCQ 

scores at 2 years; significant 

increase in SF-36 at 2 years 

Patients had continued 

mobility of the stabilized 

segment at 2 years 

Lack et al 2022 

[ 17 ] 

Austria Prospective Indication: One-level symptomatic 

lumbar stenosis with grade 1 

degenerative spondylolisthesis 

Level: L2-3 (n = 1), L3-4 (n = 6), L4-5 

(n = 10) 

Age: 54-82 

TOPS (n = 17) Significant decrease in mean 

VAS back from 8.3 to 1.6 at 

last follow-up 

No significant change in 

mobility or segmental lordosis 

at last follow-up 

McAfee et al 

2007 [ 14 ] 

Belgium, 

Brazil, 

Israel, 

Turkey 

Prospective Indication: Moderate to severe 

lumbar stenosis with or without 

spondylolisthesis 

Level: L3-4 (n = 1), L4-5 (n = 28) 

Age: 52-72 

TOPS (n = 29) Mean VAS leg decreased from 

88 to 12 at 1 year; mean ODI 

decreased from 57 to 16 at 1 

year; mean ZCQ decreased 

from 57 to 26 at 1 year 

Global motion was preserved 

in all patients 

Pinter et al 2023 

[ 11 ] 

US, Israel Prospective 

RCT; TOPS IDE 

trial † 

Indication: One-level symptomatic 

lumbar stenosis with grade 1 

degenerative spondylolisthesis 

Level: L4-5 (95%) 

Age: 38-79 years 

TOPS (n = 153) 93.5% achieved MCID for ODI 

at 1 year; 83.5% and 94.2% 

achieved MCID for VAS back 

and leg, respectively, at 1 

year; > 90% achieved MCID 

for ZCQ scores at 1 year 

Insignificant change in 

flexion/extension and lateral 

bending ROM at and above 

index level at 1 year; 

significant increase in ROM 

below index level at 1 year 

∗ Smorgick et al and Anekstein et al published the same patient group at 7 and 11 years follow up. 
† The TOPS IDE trial has been published at multiple different timepoints throughout the study. Each publication uses data from the same patient population. 
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e associated with greater rates of reoperation [ 7 ]. Lumbar facet

rthroplasty is a proposed method to treat grade I spondylolisthesis

ith stenosis and aims to restore segmental stability while preserving

otion at the index level and adjacent vertebrae [ 11 ]. 

The TOPS system (Premia Spine Ltd., CT, USA) is a total facet re-

lacement device intended for the treatment of degenerative lumbar

pondylolisthesis and lumbar stenosis. The system provides stability,

he main benefit of fusion, but is motion-preserving, a benefit of de-

ompressive surgery. Application of the device requires a total laminec-

omy, providing wide decompression, and bilateral total facetectomy.

ong-term follow up studies of the implant show sustained declines in

eg and back pain and disability, sustained increases in quality of life,

nd motion preservation ( Table 1 ) [ 11–17 ]. The Anatomic Facet Re-

lacement System (AFRS, Facet Solutions Inc., Logan, UT) and the Total

acet Arthroplasty System (TFAS, Archus Orthopedics Inc., Redmond,

A) are similar products. The AFRS was previously shown to decrease

ain and claudication scores compared to fusion; however, there were

oncerns about the device’s metal-on-metal design [ 18 ]. The TFAS sys-

em has very limited clinical data as the IDE trial was discontinued for

unding reasons [ 18 ]. 

With the aging population undergoing spinal surgery at increasing

ates [ 3 , 4 ], it is critical to evaluate the safety and efficacy of surgical

nnovations in this population. Prior publications of the TOPS investi-

ational device exemption (IDE) trial have included a limited dataset

nd did not analyze outcomes by age. Here, we compare the utility of

he TOPS system versus standard single level transforaminal lumbar in-

erbody fusion (TLIF) in patients < 65 years old (young) and ≥ 65 years

ld (old) in 299 patients. 
2

ethods 

tudy design 

This study is part of the TOPS prospective, randomized IDE trial un-

ertaken to evaluate the safety and efficacy of the TOPS device (FDA

G160168). Institutional review board approval was obtained at all par-

icipating institutions, and all patients provided written informed con-

ent. Patients aged 35 to 80 years undergoing surgery for symptomatic

rade 1 degenerative spondylolisthesis with moderate to severe spinal

tenosis and thickening of the ligamentum flavum or scarring of the

acet joint capsule at a single level between L2-5 were eligible for inclu-

ion. Patients were randomized to receive the TOPS implant or standard

pen single-level TLIF. Implantation of the TOPS device has been previ-

usly described ( Fig. 1 ) [ 11 ]. Surgeons could not be blinded to the treat-

ent group. The patient was initially blinded to the treatment but likely

earned their treatment assignment in the follow-up period. Adverse

vents were recorded by investigators and reviewed by an independent

ommittee who classified their severity (mild, moderate, and severe)

nd relation to the procedure and device (definitely, probably, possibly,

nd not related). Detailed information regarding the study methods has

een previously described [ 13 ]. 

ata collection 

Preoperative demographics (age, height, weight, body mass index

BMI), race, ethnicity), Oswestry Disability Index (ODI), Zurich Clau-

ication Questionnaire (ZCQ), and Visual Analog Scale (VAS) for low
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Fig. 1. Flexion-extension lumbar X-rays of the 

TOPS implant device in a 63-year-old patient 

at the time of operation (A, B) and 4 years sta- 

tus post operation (C, D). Figure created with 

BioRender.com . 
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ack and both legs were collected. At postoperative week 6, 3 months,

 months, 12 months, and 24 months, ODI, ZCQ, and VAS for low back

nd both legs were repeated. Radiographic measures, flexion-extension

ange of motion translation (mm) (ROM), flexion-extension (° degrees)

OM, and lateral bending (° degrees) ROM, were measured preopera-

ively, at 12 months, and at 24 months. Clinical success was determined

t 24 months, and success was defined as ODI reduction ≥ 15-points in

ddition to the absence of supplementary surgical intervention, major

evice adverse events, and new or worsening neurological deficits. Fu-

ion was defined as the presence of bridging trabecular bone across the

nvolved motion segment with angular motion < 3° and translational mo-

ion < 2 mm. If bony bridging was indeterminate/unable to assess, fusion

as assumed to have not occurred. Patients are being followed for up

o 48 months, however, the current sample sizes are too small at later

imepoints for productive analysis. 
3

tatistical analysis 

Demographic data was summarized using standard summary

tatistics and is presented as mean (standard deviation) or number of

atients (N, percent of cohort). Differences in continuous variables

ere calculated with Student’s T-Test. Cohen’s d is reported for effect

ize of continuous variables. Fisher’s exact test was used for differences

n categorical variables. Differences in adverse were calculated with

-test for proportions and reported as mean difference in proportion

%) with a 95% confidence interval. p-values < .05 are considered

ignificant. Minimal clinically important differences (MCID) for each

ariable are ≥ 15-point improvement ODI [ 13 ], ≥ 0.5-point improvement

CQ Symptoms and Physical [ 19 ], ≤ 2.5 total ZCQ Satisfaction, and

 20-point improvement VAS worst leg and low back [ 20 , 21 ]. Patients

ere also stratified by age with < 65 years considered young and ≥ 65

https://www.biorender.com/
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ears considered old. Data was analyzed following an intention-to-treat

odel. 

esults 

Two hundred ninety-nine patients were included, with 206 patients

eceiving the TOPS implant (68.9%) and 93 undergoing TLIF (31.1%).

he mean age was 63.3 (8.2) years and 63.9 (8.6) years in the TOPS

nd TLIF groups, respectively. In patients ≥ 65 years old, the mean age

as 70.6 (3.8) years and 70.6 (4.0) years in the TOPS and TLIF groups,

espectively. The mean BMI in all groups was in the overweight or

bese ranges. Most patients were white, very few had prior lumbar surg-

ries, and the majority were non-smokers. Nearly all patients underwent

urgery at L4-5 (95.1% TOPS, 93.5% TLIF) with remaining patients un-

ergoing the operation at L3-4. No patients underwent surgery at L2-3.

At baseline, there were no significant differences between the TOPS

nd TLIF groups in ODI, ZCQ-Symptom Score, ZCQ-Physical Score, VAS

orst Leg, or VAS Back for any age grouping. Baseline scores are sum-

arized by age group in Table 2 . All ROM measurements were simi-

ar at the index level, below index level, and above index level for all

roups, except in the older group where flexion-extension translation at

he index level was greater in the TLIF group (0.93 mm versus 1.43 mm,

 = .009). 

atient-reported outcome measures 

swestry Disability Index (ODI) 

At week 6 and 3 months the ODI was significantly lower for the en-

ire TOPS group (p = .002 [ d = 0.41], 0.005 [ d = 0.38], respectively) and

he old TOPS group (p = .008 [ d = 0.49], 0.049 [ d = 0.36], respectively)

ompared to TLIF ( Table 2 ). The entire TOPS group again had signifi-

antly lower ODI scores at months 12 and 24 (p = .019 [ d = 0.35], 0.001

 d = 0.69], respectively), but no significant differences in the old groups

ere observed. At 2 years, the entire TOPS and the young TOPS group

lso had significantly more patients report at least a 15-point improve-

ent on ODI (93.8% vs 77.1%, p = .001; 94.1% vs 64.7%, p = .006). The

roportion of patients achieving MCID for ODI did not differ at any

imepoint when patients were compared by age within their respective

reatment group (p > .05). 

isual Analog Scale (VAS) 

For worst leg VAS, the young TOPS group reported significantly less

ain at 12 and 24 months (12.4 versus 23.6, p = .031, d = 0.46; 8.7 versus

8.3, p = .006, d = 0.81, respectively) ( Table 2 ). Over 80% of all patients

eported an improvement of ≥ 20-points at all follow-up times with no

ignificant differences between TOPS and TLIF. For low back VAS, the

OPS group had significantly lower pain scores at all postoperative time-

oints (p < .05, d > 0.31). Additionally, the TOPS group had more patients

eport improvements of ≥ 20-points at week six and 24 months (83.5% vs

8.7%, p = .009; 84.4% vs 61.8%, p = .014, respectively). This difference

as also significant in the young but not the old groups. The proportion

f patients achieving MCID for worst leg or low back VAS did not dif-

er at any timepoint when patients were compared by age within their

espective treatment group (p > .05). 

urich Claudication Questionnaire (ZCQ) 

At week six, 12 months, and 24 months, the ZCQ symptom score

as significantly lower in the TOPS group compared to TLIF (p = .038

 d = 0.27], 0.038 [ d = 0.31], 0.001 [ d = 0.52], respectively) ( Table 2 ). At

4 months a greater proportion the younger TOPS group reported ZCQ

ymptom score improvement ≥ 0.5-points (96.1% vs 76.5%, p = .031),

ut no other differences in the proportion of patients reporting MCID

ere observed between the groups. The proportion of patients reporting

CID in ZCQ physical score was significantly greater at 6 weeks for the

OPS group (86.7% vs 76.2%, p = .036) and at 12 months for the overall

96.5% vs 84.6%, p = .007), young (96.2% vs 83.9%, p = .04), and old

96.9% vs 85.3%, p = .045) TOPS groups compared to TLIF. At week 6,
4

2 months, and 24 months the ZCQ satisfaction score was significantly

ecreased (improved) in the overall and young TOPS groups. 

The proportion of patients reporting MCID in all categories of ZCQ

as significantly greater at 1 year in the overall TOPS group (91.6% vs

8.5%, p = .012) and the young TOPS group (92.3% vs 74.2%, p = .022).

his proportion was not significantly different at any timepoint when

atients were compared by age within their respective treatment groups.

adiographic parameters 

lexion-extension range of motion (ROM) 

At the index level the preoperative mean flexion-extension ROM

as similar for both treatment groups (4.14° (3.06) and 4.47° (3.42)

or TOPS and TLIF (p = .4096), respectively) ( Fig. 2 ). From preopera-

ive to 12 and 24 months there were no significant differences in the

ndex level ROM for the TOPS groups, however, there was a signifi-

ant decline in index level ROM for the TLIF groups (p < .0001). The

OPS groups preserved significantly more ROM at 12 (estimated mean

ifference (EMD) 2.8° 95%CI[1.87; 3.74], p < .0001, d = 0.86) and 24

EMD 2.99° 95%CI[1.82; 4.15], p < .0001, d = 0.93) months postoper-

tively versus TLIF. ROM was similarly preserved in the young (12

onths: EMD 2.65° 95%CI[1.41; 3.90], p = .0001, d = 0.88; 24 months:

MD 3.30° 95%CI[1.61; 4.99], p = .002, d = 1.03) and old (12 months:

MD 2.96° 95%CI[1.53; 4.39], p = .0001, d = 0.84; 24 months: EMD 2.64°

5%CI[0.98; 4.31], p = .0023, d = 0.81). Comparing the young and old

atients within the TOPS group, there was no significant difference in

ndex level ROM at any timepoint. 

Below the index level the mean preoperative ROM for TOPS and

LIF groups were 5.39° (3.63) and 5.70° (3.69) (p = .5073), respectively.

here was a significant gain in ROM for the TOPS group at 12 and 24

onths (p < .0001). Similarly, the young and old TOPS groups signifi-

antly gained ROM below the index level. The TLIF groups insignifi-

antly gained ROM at 12 and 24 months. At 12 months postoperative

he TOPS group gained significantly more ROM compared to TLIF (EMD

.24° 95%CI[0.05; 2.43], p = .0413, d = 0.30). Within the TOPS group, the

ounger patients gained significantly more ROM below the index level

t 12 (EMD 1.86° 95%CI[0.56; 3.17], p = .006, d = 0.46) and 24 months

EMD 2.31° 95%CI[0.79; 3.83], p = .004, d = 0.57). 

Above the index level the mean preoperative ROM for TOPS and TLIF

roups were 3.45° (3.06) and 3.58° (3.06) (p = .7376), respectively. There

as a significant gain in ROM for the overall (12 months, p = .0064; 24

onths, p = .0101) and young TOPS groups (12 months, p = .0437; 24

onths, p = .0155), however, there was no significant difference for the

ld TOPS group. The TLIF groups insignificantly gained ROM at both

imepoints. At both timepoints, there were no significant differences in

OM between the TOPS and TLIF groups. Comparing the young and old

atients within the TOPS group, there was no significant difference in

OM above the index level at any timepoint. 

ateral bending angular motion (AM) at the index level 

At baseline there were no significant differences in AM between

OPS and TLIF groups. The TOPS group preserved significantly more

M compared to TLIF at 12 (EMD 2.53° 95%CI[1.70; 3.37], p < .0001,

 = 0.08) and 24 (EMD 2.51° 95%CI[1.21; 3.82], p < .002, d = 0.08)

onths. There were no significant changes in AM from baseline to 12 or

4 months in the TOPS groups. However, the TLIF groups lost AM at 12

-2.15° (1.90), p < .0001) and 24 (-2.19° (1.75), p < .0002) months. Com-

aring the young and old patients within the TOPS group, there was no

ignificant difference in AM at the index level at any timepoint. 

urgical outcomes 

peration 

Across all groups there were no significant difference in operating

ime, length of hospital stay, and estimated blood loss (EBL). The mean
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Table 2 

Patient reported outcome measures (PROM) at baseline, 6 weeks, and at months 3, 6, 12, and 24. 

Patient reported outcome measures 

Age group Time interval Group N ODI VAS-worst leg pain VAS-low back pain ZCQ 

Mean (SD) MCID Mean (SD) MCID Mean (SD) MCID Symptom, MCID Physical, MCID Satisfaction, MCID 

All Patients Preoperative TOPS 206 56.5 (12.1) 82.7 (13.5) 68.6 (23.3) 

Fusion 93 55.8 (13.1) 85.1 (10.8) 69.5 (22.2) 

6 weeks TOPS 194 23.5 (16.4) ∗ 84.0 12.9 (20.5) 92.8 18.5 (18) ∗ 83.5 ∗ 93.8 86.7 ∗ 96.4 

Fusion 84 30.2 (17) 73.8 17.9 (25.2) 92.8 27.7 (25.3) 68.7 90.5 76.2 95.2 

Month 3 TOPS 183 15.7 (16.5) ∗ 89.1 13.3 (22.5) 94.5 16.2 (21.3) ∗ 83.6 95.6 91.2 94 

Fusion 82 22.1 (17.8) 84.1 15.9 (23.7) 92.7 23.1 (24.5) 79.3 96.3 91.4 95.1 

Month 6 TOPS 171 13.4 (15.5) 91.8 12.9 (22.7) 92.4 14.7 (21.1) ∗ 86 95.9 90.6 94.7 

Fusion 74 16.0 (15.9) 90.5 17 (24.9) 91.9 22.7 (24.8) 79.7 93.2 91.9 95.9 

Month 12 TOPS 143 11.6 (13.7) ∗ 94.4 12.8 (22) 94.4 12.4 (19.6) ∗ 86 96.5 96.5 ∗ 94.4 

Fusion 65 16.9 (17.2) 89.2 18.7 (27.8) 90.8 24.5 (27.6) 76.9 92.3 84.6 86.2 

Month 24 TOPS 96 9.4 (14.5) ∗ 93.8 ∗ 13.7 (24.2) 90.6 11.1 (18.1) ∗ 84.4 ∗ 93.8 92.7 92.7 

Fusion 35 21.1 (22.3) 77.1 23.3 (33.8) 88.2 30.9 (33.1) 61.8 85.7 82.9 88.6 

Patients < 65 years Preoperative TOPS 111 56.8 (12.2) 82.7 (13.3) 72 (23.2) 

Fusion 43 56.5 (12.4) 85.3 (12.2) 71.1 (22.4) 

6 weeks TOPS 106 24.7 (16.6) 84.0 13.7 (21.6) 89.6 19.8 (18.2) 84 ∗ 94.3 86.9 96.3 

Fusion 38 30.5 (17.4) 78.9 20.2 (27.6) 91.9 27.4 (24.8) 64.9 86.8 76.3 92.1 

Month 3 TOPS 100 15.3 (16.6) 89.0 11.9 (21.2) 95 18 (22.8) 82 94.9 93 97 

Fusion 36 21.9 (17.8) 80.6 15.1 (22.9) 91.7 25.8 (25.3) 72.2 100 97.1 97.1 

Month 6 TOPS 90 13.7 (16.0) 90.0 12.9 (22.9) 91.1 15.6 (22.6) 86.7 97.8 92.2 95.6 

Fusion 34 16.8 (15.9) 91.2 14.6 (23.1) 91.2 23.3 (23.6) 76.5 97.1 91.2 97.1 

Month 12 TOPS 78 11.8 (14.9) 92.3 12.4 (20) ∗ 94.9 13.4 (19.4) ∗ 85.9 97.4 96.2 ∗ 93.6 

Fusion 31 18.1 (17.9) 87.1 23.6 (32.6) 83.9 28.6 (30.9) 71 90.3 83.9 80.6 

Month 24 TOPS 51 7 (13.1) ∗ 94.1 ∗ 8.7 (17) ∗ 96.1 9.5 (18.7) ∗ 86.3 ∗ 96.1 ∗ 96.1 94.1 

Fusion 17 26.4 (25.6) 64.7 28.3 (39.4) 81.3 35.3 (35.5) 50 76.5 70.6 76.5 

Patients ≥ 65 years Preoperative TOPS 95 56.2 (12.0) 82.7 (13.8) 64.6 (22.8) 

Fusion 50 55.2 (13.7) 84.9 (9.6) 68.1 (22.2) 

6 weeks TOPS 88 22.0 (16.2) ∗ 84.1 12 (19.2) 96.6 16.9 (17.6) ∗ 83 93.2 86.4 96.6 

Fusion 46 30.0 (16.8) 69.6 16 (23.3) 93.5 27.9 (26) 71.7 93.5 76.1 97.8 

Month 3 TOPS 83 16.1 (16.5) ∗ 89.2 15 (23.9) 93.9 14.2 (19.2) 85.5 96.3 89 90.2 

Fusion 46 22.3 (18.0) 87.0 16.6 (24.5) 93.5 20.9 (23.8) 84.8 93.5 87 93.5 

Month 6 TOPS 81 13.1 (15.0) 93.8 13 (22.6) 93.8 13.8 (19.3) ∗ 85.2 93.8 88.9 93.8 

Fusion 40 17.0 (16.2) 90.0 19.1 (26.4) 92.5 22.2 (26) 82.5 90 92.5 95 

Month 12 TOPS 65 11.3 (12.3) 96.9 13.2 (24.3) 93.8 11.2 (19.9) ∗ 86.2 95.4 96.9 ∗ 95.4 

Fusion 34 15.8 (16.7) 91.2 14.2 (22.1) 97.1 20.8 (24) 82.4 94.1 85.3 91.2 

Month 24 TOPS 45 12.1 (15.6) 93.3 19.4 (29.5) 84.4 13 (17.3) 82.2 91.1 88.9 91.1 

Fusion 18 16.0 (17.8) 88.9 18.8 (28.5) 94.4 27 (31.3) 72.2 94.4 94.4 100 

Abbreviations: MCID, minimal clinically important difference; N, number of patients; ODI, Oswestry Disability Index; SD standard deviation; TOPS, total posterior spine system; VAS, Visual Analog Scale; ZCQ, Zurich 

Claudication Questionnaire. 

Minimal clinically important difference (MCID) is reported as a percentage of the cohort. MCID for each PROM are ≥ 15-point improvement ODI, ≥ 0.5-point improvement ZCQ Symptoms and Physical, ≤ 2.5 total ZCQ 

Satisfaction, and ≥ 20-point improvement VAS worst leg and low back. 
∗ Significant difference (p < .05) between TOPS and fusion groups by unpaired T-test (means) or Fisher’s exact test (MCID). 

5



A. Shaffer, A.K. Yu, A. Yu et al. North American Spine Society Journal (NASSJ) 19 (2024) 100329

Fig. 2. Flexion-extension range of motion in 

degrees for the index level at baseline and at 

12 and 24 months status post operation where 
∗ denotes a significant difference between the 

young TOPS and TLIF groups and ⊛ denotes 

a significant difference between the old TOPS 

and TLIF groups (p < .05). Color coding: TOPS 

< 65 years (blue), TLIF < 65 years (orange), 

TOPS ≥ 65 years (grey), TLIF ≥ 65 years (yel- 

low). 

Fig. 3. Percent of cohort meeting clinical suc- 

cess criteria, where ∗ denotes a significant dif- 

ference between the young TOPS and TLIF 

groups. Color coding: TOPS < 65 years (blue), 

TLIF < 65 years (orange), TOPS ≥ 65 years 

(grey), TLIF ≥ 65 years (yellow). 
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perating time for the TOPS and TLIF groups was 181.7 (57.0) minutes

nd 176.9 (56.7) minutes, respectively (p = .495). Mean length of stay for

he TOPS and TLIF groups was 2.86 (3.62) days and 2.86 (1.75) days,

espectively (p = .997). The mean EBL for the TOPS and TLIF groups was

99.6 (146) mL and 214.8 (133.4) mL, respectively (p = .395). EBL was

reater in the older TLIF versus younger TLIF group (173.8 (122.0) mL

ersus 249.9 (133.9) mL, p = .005), but no significant difference was seen

n the TOPS groups (p = .059). Operating time and length of stay were

nsignificantly greater in older TOPS and TLIF patients. 

linical Success 

Major device-related adverse events at two years postoperative, in-

luding breakage, disassembly, screw loosening, or increase in spondy-

olisthesis grade, were seen in 6.67% and 4.88% of TOPS and TLIF pa-

ients (p = .686), respectively ( Fig. 3 ). New or worsening neurological

eficits were observed in 2.80% and 11.36% of TOPS and TLIF patients

t two years postoperative (-8.56% 95%CI[-18.45; 1.33], p = .033), re-

pectively ( Fig. 3 ). In patients < 65 years, significantly more deficits were

bserved in the TLIF patients (-17.29% 95%CI[-34.43; -0.16], p = .006).

usion status failure occurred in 43.90% of TLIF patients at 2 years

ostoperative. Supplemental surgical interventions, including reopera-

ion and lumbar injections, were performed in 7.77% and 12.90% of

OPS and TLIF patients at 2 years postoperative (p = .158), respectively

 Fig. 3 ). The use of supplemental interventions was similar between

oung and old TOPS patients (p = .843). 
6

afety profile 

Adverse events occurred in 65.2% of TOPS patients and 61.5%

f TLIF patients (-3.78% 95%CI[-7.89; 15.45], p = .609), with 25.2%

nd 16.7% being serious (8.57% 95%CI[-0.92; 18.06], p = .129), re-

pectively. Device-related adverse events occurred in 21.4% of TOPS

atients and 28.1% of TLIF patients (-6.70% 95%CI[-17.26; 3.87],

 = .256). Device-related serious adverse events occurred in 4.3% and

.2% of TOPS and TLIF patients, respectively (-0.92% 95%CI[-6.14;

.30], p = .949). Three deaths (1.4%) in the TOPS group occurred, and

o deaths were thought to be related to the intervention. No deaths oc-

urred in the TLIF group. There were greater adverse events seen in the

ld versus young TOPS groups (21.81% 95%CI[9.37; 34.26], p = .002).

owever, the adverse events related to the TOPS device and procedure

ere insignificantly different in the old versus young (9.15% 95%CI[-

.00; 20.29], p = .149 (device); 13.32% 95%CI[-0.10; 26.75], p = .074

procedure), respectively). The frequency of adverse events related to

ardware and the procedure were similar for the old and young TLIF

roups. 

iscussion 

The present study provides a comparative analysis of the TOPS IDE

tudy with two treatment arms, TOPS and TLIF. Prior reports from the

rial have included a limited dataset [ 13 ]. This analysis also compares

he clinical outcomes of both treatments in younger versus older pa-
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None. 
ients. The results suggest the TOPS device performs favorably compared

o traditional TLIF in treatment of single-level grade 1 spondylolisthesis

nd spinal stenosis. PROMS were significantly greater in the TOPS group

t multiple timepoints, and ROM was better preserved with TOPS. We

nd differences in PROMS between treatments are less pronounced in

lder patients, indicating that while TOPS does improve PROMS signifi-

antly from baseline in this population, TOPS may not outperform TLIF

n older patients. 

Treatment of spondylolisthesis with spinal stenosis is debated, and

oth operative and non-operative therapies are available. The Spine Pa-

ient Outcomes Research Trial (SPORT) found operatively treated pa-

ients had significantly greater improvements in pain and function af-

er 8 years compared to nonoperative treatment [ 22 ]. Similarly, the

aine Lumbar Spine Study (MLSS) found greater improvement in sur-

ical patients after four years; however, the study also found that af-

er 8 to 10 years the surgical and non-surgical groups had similar pain

nd function [ 23 ]. Spinal fusion is frequently used to treat degenerative

pondylolisthesis but decompression-only is also an option [ 8 ]. While

usion has been thought to reduce the need for future reoperations, the

ORDSTEN-DS trial by Austovell et al did not identify significant dif-

erences in reoperation rates nor patient-reported outcomes when com-

ared to decompression-only [ 24 ]. Similarly, the Swedish Spinal Steno-

is Study also did not identify differences in patient-reported outcomes

r reoperation for lumbar stenosis with or without spondylolisthesis

 8 ]. However, a meta-analysis of patients ≥ 65 years with lumbar spinal

tenosis and degenerative spondylolisthesis found that patients who un-

erwent decompression only had fewer surgical complications but had

orsening degenerative spondylolisthesis postoperatively [ 25 ]. Clinical

rials comparing lumbar facet arthroplasty with decompression with or

ithout fusion in do not exist for the elderly. 

Spinal fusion stabilizes the damaged segment while significantly re-

tricting segmental ROM. One and two-level fusion causes significant de-

reases in trunk forward flexion, although the effect of this on activities

f daily living is not known [ 26 ]. While the loss of ROM may not be no-

iceable in daily living, adjacent segment degeneration caused by the un-

ven distribution of forces can be seen radiographically [ 10 ]. As shown

n the present study, usage of the TOPS device preserves greater segmen-

al ROM and can improve adjacent segment ROM compared to fusion

 11–17 ]. The wider decompression and motion preservation likely con-

ributes to improved patient reported outcomes in this study and others

 11–17 ]. Similar to the present study, Coric et al reported more TOPS

atients with ≥ 15-point ODI improvement and ≥ 20-point improvement

n VAS back pain compared to the fusion group at 24 months [ 13 ]. In

oric et al and the present study, the proportion of TOPS patients meet-

ng MCIDs exceeded both the fusion and decompression-only groups of

he NORDSTEN-DS trial [ 13 , 24 ]. 

Spinal surgery for lumbar stenosis and spondylolisthesis is increas-

ngly performed, particularly in the elderly population. As age increases,

atients undergoing spinal surgery are more likely to have greater co-

orbidities and a more fragile physical condition [ 27 , 28 ]. A meta-

nalysis of surgical outcomes for lumbar stenosis and spondylolisthe-

is comparing young ( < 80) versus old ( ≥ 80) found significantly greater

ostoperative complications, including mortality and reoperation, oc-

urred in the elderly for both decompression-only and decompression

ith fusion [ 27 ]. However, the association of age and complications is

ot fully elucidated with some studies only finding differences in mi-

or complications [ 28 , 29 ] and others finding no significant differences

 30 ]. Additionally, it is worth noting that older patients may require

ore extensive surgery [ 30 ], and the presence of comorbidities is a risk

actor for complications and mortality independent of age [ 28 , 31 ]. De-

pite the potentially greater risk of surgery, patient reported outcomes in

lder adults do not significantly differ from their younger counterparts

n showing a difference from baseline or compared to a non-surgical

reatment group [ 27–30 , 32 ]. 

While the TOPS IDE trial and other facet arthroplasty device studies

ave excluded patients aged > 80 years, it is important to evaluate facet
7

rthroplasty’s safety and functionality in older adults. The age range in

he present study was 38 to 80, with a median of 70 years in the older

roup. Similar to previous studies, we found significantly more adverse

vents in the older TOPS group, however, there was not a significant

ifference in device-related or procedure-related adverse events by age

n either treatment group. The greater occurrence of adverse events in

he elderly may be more attributable to comorbidities rather than the

evice or procedure. 

Similar to prior spinal surgery studies we find both the young and old

atients have significant improvements from baseline with both facet

rthroplasty and TLIF. For many PROMS facet arthroplasty outperforms

LIF. However, fewer significant differences in the PROMS of TOPS ver-

us TLIF patients are observed when only the older population is con-

idered. ROM at the index level was preserved for all ages with TOPS,

owever, the gain of adjacent level ROM was not observed in older pa-

ients. Prior facet arthroplasty studies have not stratified patients by age

aking it challenging to determine expected treatment responses in the

lder population. 

The primary limitation of this study is the limited long-term follow-

p. At six and 12 months, approximately 80% and 69%, respectively,

f all patients reported outcomes while the remaining patients have yet

o reach these timepoints. Less than half of the cohort was available for

ollow-up at 24 months (48.6% TOPS, 37.6% TLIF), and the cohort fur-

her declined to less than a quarter of the cohort at 36 and 48 months

23.79%, 6.31% TOPS; 14%, 5.4% TLIF). Thus, comparisons between

reatments after 12 months should be considered in the context of a

imited sample, and this limited sample introduces potential bias in re-

ults. The percentage of patients reporting long-term study outcomes is

ess than previously seen in the SPORT [ 22 ] and MLSS [ 23 ] trials due to

he interim nature of this analysis; continued follow-up with adequate

etention is necessary to better understand the impact of the TOPS de-

ice. The sample size also limits the understanding of long-term compli-

ations, including adjacent segment disease. Smorgick et al published

ollow up data for 11 years and did not identify significant complica-

ions in later years; however, the sample size was limited to only 10

atients [ 12 ]. Additionally, this study excluded patients over 80 years

ld, which may limit its generalizability to this population. Lastly, the

ate of pseudarthrosis, or fusion failure, was relatively high in the TLIF

roup compared to the 5%–35% pseudarthrosis rate observed in prior

tudies [ 33 ]. The exact cause is unknown, however, variation in pseu-

arthrosis rates across studies may be attributed to lack of a universally

ccepted quantitative definition of fusion, differences in timing of imag-

ng and imaging modality, and poor inter-rater reliability [ 33 , 34 ]. 

onclusions 

This subanalysis of the TOPS IDE trial compared facet arthroplasty

ith TLIF for the treatment of single-level symptomatic grade 1 degen-

rative spondylolisthesis with spinal stenosis in younger ( < 65 years)

nd older adults ( ≥ 65). TOPS performed equally or better than TLIF

or PROMS at multiple timepoints, which may be due to the wider de-

ompression and motion preservation. The benefit of TOPS over TLIF

as more apparent in younger patients, however, patients of all ages

chieved significant improvement in PROMS from baseline. 
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