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Background: The motion preserving benefits of lumbar total disc replacement (LTDR) are well 
established. There is a paucity of long-term follow-up data on the M6-L prosthesis. The aim was to evaluate 
the clinical and radiographic outcomes of patients undergoing LTDR with M6-L and make comment about 
its effectiveness and durability.
Methods: A retrospective single center chart review was performed of all patients who underwent LTDR 
with M6-L between January 1, 2011, and January 1, 2021, either as standalone device or combined with a 
caudal anterior lumbar interbody fusion (ALIF) (hybrid procedure). Preoperative, postoperative, and final 
follow-up patient reported outcome measures (PROMs) (VAS back, VAS leg, ODI, and SF-12) and patient 
satisfaction were recorded prospectively. Device range of motion (ROM), adjacent segment degeneration/
disease and heterotopic ossification (HO) were obtained from flexion and extension lumbar radiographs at 
most recent follow-up.
Results: Sixty patients underwent LTDR with the M6-L device. Mean age was 41 [16–71] years and 38 
(63%) were male. Sixteen (26.7%) underwent standalone LTDR, 42 (70.0%) a hybrid procedure, and 2 (3.3%) 
a 3-level procedure. Twenty-three (38.3%) patients were lost to follow-up. Thirty-seven (61.7%) were 
followed for a mean of 4.3 [1–10] years with 36/37 reviewed at a minimum of 2-years and 13/37 followed 
for over 5-years. Only one patient with osteopenia needed index level revision LTDR surgery for subsidence 
requiring supplemental posterior instrumentation. There were no osteolysis induced device related 
failures. Thirty patients obtained long-term follow-up radiographic data. Six patients had adjacent segment 
degeneration; none required surgery for adjacent segment disease (ASD). Three patients presented with 
clinically significant HO (2 with McAfee class III, 1 with class IV). The average M6-L ROM was 8.6 degrees. 
Mean preoperative baseline PROMs demonstrated statistically significant improvements postoperatively and 
were sustained at last follow-up (P<0.05).
Conclusions: Total disc replacement (TDR) with M6-L showed clinically significant improvement in 
PROMs that were sustained at long-term follow-up. There were no osteolysis induced device related failures. 
The device ROM was maintained and showed a downward trend over the 10-year study follow-up period. 
This paper demonstrated that the M6-L was an effective and durable arthroplasty device in this series.
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Introduction

Low back pain is a common cause of morbidity affecting 
up to 16% of the adults (1). Lumbar interbody fusion 
and lumbar total disc replacement (LTDR) are effective 
treatments for degenerative disc disease (DDD) that have 
failed non-surgical therapies in appropriately selected 
patients (2). The benefits of motion preserving technologies 
with LTDR include potentially reducing the degree of 
adjacent segment disease (ASD) (3,4). LTDRs are indicated 
to treat DDD at the index surgical level, as well as in the 
management of ASD when used in conjunction with a fusion, 
typically above the fusion level as a hybrid procedure (5).

There are over a dozen LTDR implants in use 
internationally (6). Long-term follow-up is needed for these 
devices to substantiate their continued use and contribute 
to the advancement of lumbar arthroplasty technology. The 
M6-L total disc replacement (TDR) (Orthofix Medical 
Inc., Lewisville, TX, USA) is a lumbar viscoelastic disc 
replacement that aims to mimic a physiologic intervertebral 
disc. M6-L received Conformitè Europëenne (CE) Mark 
Approval for implantation in the European Union and 
Australia in 2006.

M6-L allows for six degrees of freedom of movement. 
Ultra-high molecular weight polyethylene fibers are wound 
in multiple layers around a polycarbonate urethane (PCU) 
core bonded to the titanium alloy endplates (7). This is 
designed to simulate the nucleus pulposus and annulus 
fibrosis of a normal physiologic disc. A PCU polymer 
sheath surrounds the core to minimize tissue growth and 
minimize wear debris. The device is a single unit and wear 
debris testing has been performed up to 20 million cycles, 
equivalent to 20 years (7).

Over 18,000 M6-L devices have been implanted 
worldwide between 2009 and 30 June 2021. There are few 
long-term follow-up studies on the M6-L device nor data 
available about the effectiveness of lumbar disc arthroplasty 
over the longer (5–10 years) term. We note recent findings 
in cervical disc arthroplasty that suggested the presence of 
mid-term wear induced osteolysis in patients implanted 
with the M6-C replacement (8). Therefore, this study 
additionally investigates whether these findings were also 
observed with the lumbar M6-L device.

The aim of this study was to evaluate the clinical and 
radiographic outcomes of a retrospective cohort of patients 
who underwent LTDR with M6-L as stand-alone TDR 
procedures, as well as in conjunction with anterior lumbar 
interbody fusion (ALIF) in hybrid procedures and comment 
on the effectiveness and durability of the device. We present 
the following article in accordance with the STROBE 
reporting checklist (available at https://jss.amegroups.com/
article/view/10.21037/jss-22-36/rc).

Methods

All consecutive patients who underwent LTDR with 
M6-L between January 1, 2011, and January 1, 2021, 
were included in the study. This cohort of 60 patients 
represented a single center 10-year experience of two senior 
spine surgeons with this device.

Inclusion criteria were patients with single, two, or three 
level painful DDD that had failed non-surgical therapy 
for at least 6 months. Patients with deformity, instability, 
moderate to severe facet arthropathy, reduced bone mineral 
density (BMD) and more than three-level of pathology were 
excluded from treatment with the M6-L. A decision tree 
describing surgical intervention for ALIF, TDR or both is 
presented in Figure 1.

A  v a s c u l a r  s u r g e o n  p e r f o r m e d  t h e  a n t e r i o r 
retroperitoneal approach in all cases. All patients were 
implanted with the M6-L device or in combination with a 
caudal adjacent segment ALIF.

A retrospective chart review recorded preoperative, 
6-week and 6-month patient reported outcome measures 
(PROMs) with final PROMs obtained at most recent 
follow-up via phone survey or face to face consultation. 
Back pain visual analog scale (VAS Back) and leg pain visual 
analog scale (VAS Leg) assessed pain, Oswestry disability 
index (ODI) assessed disability and Quality of life was 
assessed via the 12-Item Short Form Survey (SF-12) (7,9). 
North American Spine Society Patient Satisfaction Index 
(NASS PSI) evaluated patient satisfaction.

Flexion and extension lumbar radiographs were obtained 
at most recent follow-up. Device range of motion (ROM) 
were measured using Inteleviewer Cobb-angle (Intelerad 
Medical Systems Incorporated) from the superior endplate 
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of the upper vertebra to the inferior endplate of the lower 
vertebra. The ROM was calculated by subtracting flexion 
angles from extension angles.

The study reviewed basic patient demographics, 
clinical adverse events [infections, persisting radicular 
pain, neurological deficit, deep vein thrombosis (DVT)/
pulmonary embolism (PE)], occurrence of reoperations 
at the index and adjacent levels, and radiographic adverse 
events [heterotopic ossification (HO) and ASD].

Statistical analysis

Mean, IQR, standard deviation and a 95% confidence 
interval (CI) were calculated to assess for confounding. 
Paired two-tailed t-test and Fisher’s exact p-tests were 
used to assess for clinically significant differences between 
PROM groups and patients with dynamic radiographs 
against those without. Statistical significance was assessed at 
P=0.05. Analyses were performed using the RStudio Service 
(Version 4.1.2).

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Patients 
included were provided with a standard privacy disclosure 
stating that their information will be used for ongoing 
evaluation of outcomes and that their identity will be 
protected in any publication arising from this. None of the 

people included expressed that they did not accept this. 
Consistent with provisions for low-risk research outlined 
in the Australian National Health and Medical Research 
Council’s National Statement on Ethical Conduct in 
Human Research (2007, updated 2018), this project was 
reviewed by an independent expert in Human Research 
Ethics to ensure it met all ethical standards.

Results

Sixty patients underwent LTDR with the M6-L with a 
mean age of 41 (16–17 years). Most patients (n=42, 70.0%) 
had a hybrid procedure, 16 (26.7%) underwent standalone 
LTDR, and 2 (3.3%) a 3-level procedure. Twenty-three 
(38.3%) patients were lost to follow-up. Thirty-seven 
(61.7%) were followed for a mean of 4.3 [1–10] years with 
36/37 reviewed at a minimum of 2 years and 13/37 followed 
for over 5 years (Table 1). Thirty (50.0%) patients consented 
for a final radiographic follow-up (Figure 2).

Patient reported outcomes

Preoperative mean VAS back, VAS leg, ODI, and SF-12 
(physical/mental) showed improvements postoperatively 
at 6 weeks and again at 6 months postoperative. PROMs 
showed statistically significant improvements (P<0.05) from 
baseline to last follow-up (Table 2). There was no difference 
in age, sex and PROMs between followed-up (n=37) and 
unfollowed patients.

Surgery indicated at L4/5
Symptomatic DDD with any or all:
• Modic changes on MRI
• Positive discography 
• Increased radionucleotide 

uptake on bone scan 

Anterior approach contraindications
• Previous ipsilateral retroperitoneal 

surgery 
• Retroperitoneal laparoscopic hernia 

repair with mesh 
• Severe atheromatous disease 

(circumferential calcification/absence 
of femoral pulses) 

• Age >70 years 
• BMI > 35 kg/m2

• Pathology at 3 or more levels 

TDR contraindications 
• Facet arthropathy (moderate to 

severe) 
• Reduced bone density 
• Spondylolisthesis or Deformity 
• Pars defect 
• Reduced disc height <50% 

Posterior 
approach 

ALIF L4/5

TDR L4/5Anterior retroperitoneal approach TDR indicated 
Yes

No No

Yes

Figure 1 Decision tree for L4/5 surgical intervention. DDD, degenerative disk disease; TDR, total disc replacement; ALIF, anterior lumbar 
interbody fusion; MRI, magnetic resonance imaging; BMI, body mass index.
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The patients available for additional follow-up were very 
satisfied with the operation. Using the NASS PSI, 31 patients 
(83.8%) reported a score of 1 indicating that the procedure 
met their expectations. Four patients indicated a score of two 
and two individual patients recorded a score of 3 and 4.

Complications and reoperations

The overall rate of complications was 22% (13/37) in 
this series. Four superficial and 1 deep infection required 
antibiotics but not surgery. Acutely (<6 months) 5 patients 

suffered persisting radicular pain which resolved (4 patients) 
or required nerve root steroid injections (1 patient). One 
patient required a spinal cord stimulator for persistent 
neuropathic leg pain. One patient suffered continuing 
radicular pain (>6 months) managed by pain specialists. 
Only 1 patient suffered a DVT.

Only 1 patient required reoperation at the index TDR 
level: a 60-year-old man with osteopenia (femoral neck 
T-score of −1.15) underwent an uneventful hybrid procedure 
with day-2 postoperative CT showing appropriately 
positioned protheses. Five days postoperatively he suffered 
severe back pain. CT demonstrated subsidence at both 
levels of the M6-L and ALIF cage. The patient was 
instrumented posteriorly from L4 to S2 without removal of 
the LTDR (Figure 3).

Two patients had pseudoarthrosis requiring posterior 
fixation at the L5-S1 ALIF level (and did not require 
revision at L4-5 TDR level).

Radiographic findings

Thirty (50%) patients consented for a final radiographic 
follow-up. There was no difference in PROMs at 6 weeks 
and 6 months between patients that obtained final follow-
up X-rays and those who did not (all P>0.05). There were 

Table 1 Patient demographics to 6 months follow-up and to final follow-up. One-stage TDR and ALIF operations were defined as hybrid 
procedures. The anatomical level (L3/4, L4/5, L5/S1) counts the level at which either a TDR or ALIF device was implanted. The operative level [1, 
2, 3] counts the levels operated on in each single-stage operation. Mean, SD, median, and IQR were assessed

Variable 6-month follow-up (n=60) Final follow-up (n=37)

Male, n (%) 38 (63.3) 22 (59.5)

Age, years (mean, median, IQR, SD) 41, 41, 11.5, 11 42, 41, 12, 10

Follow-up time in years, median [IQR] 4 [4.2] 4 [2]

Hybrid procedures, n (%) 42 (70.0) 25 (67.6)

Anatomical level, n (%)

L3/4 3 (5.0) 2 (5.4)

L4/5 58 (96.7) 36 (97.3)

L5/S1 44 (73.3) 28 (75.7)

Operative levels, n (%)

1 16 (26.7) 10 (27.0)

2 42 (70.0) 25 (67.6)

3 2 (3.3) 2 (5.4)

TDR, total disc replacement; ALIF, anterior lumbar interbody fusion; SD, standard deviation; IQR, interquartile range.

Figure 2 Follow-up time-points of patients who were available for 
final review (n=37).
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no identified device failures or migrations noted on final 

dynamic radiographs. All 30 patients maintained motion 

at the index operative level with a mean ROM of 8.6  

(0.41 to 17) degrees on flexion and extension radiographs. 

There was a downtrend in index level ROM over the follow-

up time of 1 to 10 years (Figure 4). Day 2 postoperative CT 
lumbar scans compared to later 10-year follow-up dynamic 
radiographs for a hybrid patient and single level LTDR 
patient are shown in Figure 5.

Eight pat ients  demonstrated adjacent segment 
degeneration, but no patient had symptomatic ASD 
requiring reoperation. Only two patients demonstrated 
clinically significant HO (class 3), whilst 8 patients (class 2), 
11 patients (class 1), and 9 patients (class 0) (Table 3).

Discussion

First generation LTDR implants were designed based on 
knee and hip, steel and ball arthroplasty technology (11).  
However,  these modular devices lack the natural 
compressibility and elasticity of a physiologic intervertebral 
disc (12). Such devices include the Maverick (Medtronic), 
Charite (DePuy Spine Inc), Prodisc-L (Centinel Spine) and 

Table 2 Comparison of baseline (n=60), 6-week (n=60), 6-month (n=60), and final follow-up (n=37) patient reported outcome measures data (VAS, 
ODI, and physical/mental SF-12). P value, 95% CI, and SD of baseline compared to final follow-up 

Variable Baseline (SD) 6 weeks (SD) 6 months (SD) Final follow-up (SD) P value (95% CI)

VAS Back 8.1 (0.97) 5.2 (0.97) 3.0 (1.5) 1.8 (2.3) 2.2×10−16 (5.43 to 7.12)

VAS Leg 7.4 (1.9) 4.4 (2.0) 2.7 (2.0) 2.2 (3.2) 4.9×10−11 (4.11 to 6.43)

ODI 29 (4.5) 20 (5.0) 10 (5.0) 6.7 (10.0) 3.3×10−14 (18.4 to 25.9)

SF-12 Physical 26 (3.1) 38 (5.3) 45 (5.3) 50 (11.0) 6.2×10−16 (−27.9 to −20.8)

SF-12 Mental 49 (8.5) 55 (8.5) 56 (6.8) 58 (6.5) 1.9×10−6 (−12.6 to −5.95)

VAS, visual analogue scale; ODI, Oswestry disability index; SF-12, 12-point short form survey; CI, confidence interval; SD, standard deviation.

A B C

Figure 3 CT (sagittal) scans of a 60-year-old male patient that required index level reoperation. (A) CT scan 2 days post-operative. (B) CT 
5 days post-operative. (C) CT 2 days post-revision surgery.
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Figure 4 Mean index level ROM over the 10-year follow-up time. 
ROM, range of motion.
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ActivL (Aesculap) (13).
The second generation TDR implants were designed 

mimic a physiologic intervertebral disc and are typically 
monobloc implants (14). These implants include the 
Freedom lumbar disc (AxioMed), the LP ESP (FH 
Orthopedics), and the M6-L (Spinal Kinetics). There 
are only two studies reporting outcomes with the M6-L 
device. Schätz et al. [2015] described two years follow-up 
of 83 patients that underwent lumbar arthroplasty with 
M6-L reporting significant improvement at 24 months 
postop in ODI and VAS (7). There were no revisions, 
device removals, or serious adverse device related events. 
Byvalstev et al. [2021] described a small series of 11 athletes 
that underwent lumbar arthroplasty with M6-L reporting 

A B C D

E F G H

Figure 5 Radiological imaging comparing day-2 post-operative to final follow-up. (A) Day-2 post-operative CT of hybrid procedure patient. 
(B) 10-year follow-up standing lateral X-ray of hybrid procedure patient. (C) 10-year follow-up lateral extension X-ray of hybrid procedure 
patient. (D) 10-year follow-up lateral flexion X-ray of hybrid procedure patient. (E) Day-2 post-operative CT of L4/5 TDR patient. (F) 9-year 
follow-up standing lateral X-ray of L4/5 TDR patient. (G) 9-year follow-up lateral extension X-ray of L4/5 TDR patient. (H) 9-year follow-
up lateral flexion X-ray of L4/5 TDR patient. TDR, total disc replacement.

Table 3 Summary of radiograghic complications to final follow-up.  
Heterotopic ossification was assessed using the McAfee classification 
(0-IV) (10)

Complications Number of events

Adjacent segment degeneration 8

Adjacent segment disease 0

Heterotopic ossification [McAfee classification (0–4)]

0 9

1 11

2 8

3 2

4 1
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significant improvement of ODI and SF-12 with mean 
follow-up of 3.18 years (15).

The final long-term follow-up for Activ-L and Prodisc-L 
lumbar arthroplasty devices was published in 2021 (16). 
This represents the two most rigorously studied LTDR 
devices. The mean preoperative VAS back pain was 7.9 
for activL and 7.8 for ProDisc-L which was similar to our 
mean preoperative VAS back pain of 8.1 with M6-L. At 
three years follow-up, the mean VAS back had improved to 
2.5 for Prodisc and 2.2 for ActivL, similar to our study with 
mean VAS back improvement to 1.8 at 4.3 years follow-up.

Our study reported statistically significant improvements 
also in VAS leg, ODI, and SF-12 (physical and mental) 
postoperatively which were sustained and demonstrated 
continued improvement to mean follow-up of 4.3 years. 
The improved PROMs in our study support the findings of 
previous M6-L reports and those demonstrated in the long-
term results of the IDE trial for ActivL and Prodisc-L (7,15).

The M6-L demonstrated long-term effectiveness and 
durability. We found no device failures and no evidence of 
the presence of mid-term wear induced osteolysis. There 
is only one reported case of M6-L device failure in the 
literature (14). No patient developed ASD that required 
surgical intervention. Combined analyses of the FDA trial 
for ActivL and Prodisc-L demonstrated a reoperation rate 
of 5.0% at 7 years (16). We report an index level reoperation 
rate of 1.7% with M6-L in a 60-year-old male with 
osteopenia who suffered L4/5 M6-L delayed subsidence 
and required posterior instrumentation without removal 
of the LTDR. This index level reoperation secondary to 
reduced bone density was early in our operative experience 
with LTDR a decade ago. Osteopenia (T score <−1.0) 
and definitely osteoporosis (T score <−2.5) are now well 
recognized contraindications to LTDR; however, patients 
over 60 years old may be considered for LTDR if normal 
BMD and without circumferential spinal stenosis (13).

We found lumbar arthroplasty with M6-L resulted in 
high patient satisfaction consistent with mid- to long-term 
results with the Prodisc-L (17). The majority (94.6%) of 
our patients responded as NASS PSI of 1 or 2, indicating 
they would undergo the same operation again for the same 
result. Two patients responded with a higher NASS PSI 
score which was more attributable to the access procedure. 
One patient who reported a NASS PSI of 3 suffered a deep 
wound infection and another patient who reported a score 
of 4 suffers from leg pain and substance abuse.

Heterotopic ossification remains a long-term concern 
in spinal arthroplasty due to adverse effects on motion 

preservation and clinical outcomes (18). In our study only  
3 patients demonstrated clinically significant HO 
comprising McAfee class III (two patients) and class IV  
(one patient) (6,10).

We had a radiographic loss to follow-up of 50%. Patients 
declined dynamic radiographs secondary to COVID-19 
restrictions, busy lifestyle, and risks of radiation exposure. 
These patients reported a positive improvement in PROMs 
with no significant difference observed between patients 
who obtained radiographs, and those who did not.

Long-term motion of arthroplasty devices raises concern 
regarding wear debris. No patient had adverse device 
events directly attributable to wear debris in our study. 
Arthroplasty devices are rigorously tested in laboratory 
simulators to determine measurement of wear debris prior 
to development. There are reported cases of detected wear 
debris during revision arthroplasty (19-22). Wear debris has 
been shown to induce inflammatory, vascularization, and 
innervation growth factors (22).

Of the 30 patients who received long-term radiographic 
follow-up, all had preserved motion on flexion and 
extension films. The average ROM was 8.6 degrees. There 
was a decline in device ROM over time to long-term 
follow-up. The M6-L showed maintenance in motion up to 
10 years.

The M6-L device was a completely assembled one piece 
device that allowed insertion without requiring separate 
insertion of a polymer insert. This lack of modularity 
may lower potential device related failures by reducing 
the number of articulating surfaces. In our experience, 
this device provided increased ease of insertion without 
producing an unintended focal deformity. The 10 degrees 
lordotic elastic memory of the M6-L maintained a 
segmental lordotic angle while being semi-constrained 
on non-physiologic excessive motions in all 6 degrees 
of freedom. Additionally, the viscoelastic design allowed 
for additional motion preservation as it relates to shock 
dampening compressive forces (13). Further prospective 
studies are needed to determine if this provides additional 
protection for ASD as compared to non-compressible 
arthroplasty devices.

Future directions

Whilst we did not directly assess value as one of the 
outcomes of this project, this is increasingly important in 
the context of value-based healthcare. Future work will 
include an economic analysis of the costs involved in LTDR 
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that is linked to the PROMs. There is limited literature 
about the use of clinically important improvement (CII) 
measures in spinal surgery, but Power et al. [2021] warned 
against the use of generic CII across different diagnoses 
in spine surgery but usefully established a comprehensive 
set of criteria for future studies. In their study the authors 
were able to derive cost-effectiveness using the incremental 
cost-utility ratio and showed that although patients in the 
surgical group had higher expected costs, they had better 
expected outcomes and concluded that early surgery was 
cost-effective when compared with non-surgical care (23). 
Applying a similar methodology to our series in the future 
will provide important additional information to support 
health payer subsidies for the LTDR procedure.

Limitations

This study has several limitations as a mid-sized single 
institution case series. The study size is limited and is 
not multi-center. However, this represents two senior 
surgeons experience both past their learning curve with 
LTDR. We note the heterogeneity of this study and that 
inclusion of patients with hybrid constructs may limit the 
generalizability of our study. However, including these 
patients is important given the concern for long-term 
follow-up for device related failures. This series conducted 
dynamic radiographic analysis at final follow-up, ASD is 
best assessed with MRI (24). This restricts the applicability 
of our ASD findings, and we suggest future studies utilize 
MRI at follow-up.

This study’s extended follow-up period showed a 
radiographic loss to follow-up of 50% and final PROMs loss 
to follow-up of 38%. We found no difference in PROMs 
between patients that consented to final follow-up X-rays 
and those who declined X-rays. Ideally further studies 
with a larger sample size should be considered. However, 
research suggests that a loss to follow-up of up to 60% can 
be acceptable (25).

Conclusions

Lumbar TDR with M6-L showed clinically and statistically 
significant improvement in PROMs that were sustained 
at long-term follow-up. There were no osteolysis induced 
device related failures. Only one index level reoperation 
needing supplemental posterior instrumentation for 
subsidence. The device ROM was maintained and showed 
a downward trend over the 10-year study follow-up 

period. The NASS PSI demonstrated a high rate of patient 
satisfaction. The M6-L device was an effective and durable 
arthroplasty device in this series. Moreover, further multi-
center studies should be considered to assess the long-term 
efficacy past a follow-up of 10 years.
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