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Objective. To evaluate clinical efficacy and safety of M6-L artificial disc in lumbar degenerative disc disease (DDD).

Material and Methods. A total of 109 patients with diagnosed lumbar DDD and spinal stenosis were operated on after 6 months of unsuc-
cessful conservative treatment in 2011—2015. All patients underwent M6-L artificial lumbar disc implantation. Average follow-up period
was 1.5 years (range: 4 months to 6 years). Patient satisfaction after treatment, regression of pain score, increase in activities of daily liv-
ing, as well as radiographic parameters (recovery of intervertebral space height, mobility in the operated segment), and frequency of com-
plications, reoperations and revision surgeries were evaluated.

Results. Good and excellent clinical outcomes were revealed in most of patients. The average VAS score of back and leg pain regression
was 27 mm, improvement in daily activity — 24.3 points on ODI, increase in the disc space height — 7.6 mm, and mobility in the operated
segment — 8.5°. Serious complications were not detected, spontaneous fusion at the operated level was noted in 2.0 % of cases, revision
surgery due to implant migration (implant removal and ALIF with cage) was required in 0.9 % of cases.

Conclusion. Intervertebral disc arthroplasty with M6-L is a safe and highly effective procedure that maintains mobility in the operated
segment and prevents adjacent disc degeneration.
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Organ-preservation technologies in the
treatment of degenerative disc disease
(intervertebral disc arthroplasty) have
been introduced as an alternative meth-
od to avoid negative effects associated
with spinal fusion.

Artificial intervertebral discs have
undergone several revolutionary chang-
es during their development [2, 13]: from
metal ball endoprostheses to complex
multicomponent devices aimed at maxi-
mum imitation of natural intervertebral
disc function.

Currently, the following artificial discs
are most often used for lumbar arthro-
plasty: SB Charit III, ProDisc II, Maver-
ick, and M6-L. In Russia, AK. Chertkov
replaces discs witha prosthesis of original
design named Kinezis-1 since 1992 [4].

SB Charite. In 1982, an interverte-
bral artificial disc was developed in the
Charite clinic in Berlin [12]. This pros-
thesis was implanted for the first time in
1984. 1t consisted of circular steel plates
with 11 teeth-like structures connected

with a polyethylene core of the supramo-
lecular low-density polyethylene Chiru-
len. Later, these implants were modified
and the third version was introduced
in 1987 (Fig. 1). The endplates were
made of cobalt-chromium-molybde-
num alloy coated with porous titanium
with hydroxyapatite to promote bone
ingrowth (3, 12].

ProDisc. In 1990, the Du Parc clinic
(France) started to implant [the] ProDisc
artificial discs [8], which consist of two
cobalt chromium molybdenum end-
plates with a porous titanium coating
and high molecular weight polyethylene
core (Fig. 2).

Maverick. The Maverick artificial disc
consists of two metal endplates: the low-
er plate with a hemispheric convex and
a congruent upper surface. Maverick is
anchored into the vertebrae with two
longitudinal keels, one on each end-
plate [3]. The implant components [of
the prosthesis] are made of cobalt and
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chrome alloy and coated with hydroxy-
apatite (Fig,. 3).

Kinezis-1. In Russia, AK. Chertkov
[4] analyzed benefits and drawbacks of
the SB Charite artificial disc and devel-
oped, on its basis, the original functional
artificial disc named Kinezis-1 (Fig. 4).
In particular, improvements were made
to change the shape of anchor fixators
(spikes) and increase the endplate sur-
face. Also the implant material was
changed: cobalt chromium molybdenum
alloy has been replaced by titanium.

MO6-L. The M6 artificial disc belongs to
a new generation of functional implants
providing all the functionality of a native
disc (Fig. 5). In contrast to multicompo-
nent Charite and ProDisc devices, the
M6 artificial disc (Spinal Kinetics) is
implanted in a single step. Convention-
ally, the structure of the M6 implant has
two functional parts; movable core and
fixed endplates [10].

The aim of this study is to evaluate the
clinical efficacy and safety of the M6-L
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artificial disc in lumbar degenerative disc
disease.

Material and Methods

In 2011-2015, a total of 109 patients
were operated on using the M6-L
artificial disc replacement. Of these, 80
(73.4 %) were men and 29 (26.6 %) were
women. The distribution of patients
according to age was as follows: under
20 years — 1 (0.9 %), 20-29 years — 17
(15.6 %), 30-39 years — 53 (48.6 %),
40-49 years — 22 (20.2 %), 50-59
years — 15 (13.8 %), and older 60
years — 1 (0.9 %). According to the level
involved, patients were distributed as
follows: levels L3-14 - 2 (1.8 %), [4-L5 -
34 (32.0 %), L5-S1 - 56 (51.0 %), and
L5-L6 - 7 (6.0 %). Five (4.6 %) patients
were operated on at two adjacent levels
[4-L5 and Ls-S,; and another 5 patients
(4.6 %) at levels L5-L6 and L6-S1.
In 4 cases, M6-L discs were implanted at
levels 14-L5 and rigid implants (titanium
cages) were implanted at L5-51 adjacent
levels.

The study included patients old-
er than 18 years who signed a written
informed consent for participation and
disc replacement. The peculiarities of the
operation, postoperative period, possible

complications, strengths and weaknesses
of the technique were explained to the
patients in an understandable way. The
operation was performed on patients
with chronic persistent radicular and/or
vertebral syndrome who had been unre-
sponsive to nonsurgical treatments for 6
months, with indications of degenera-
tive disc disease at L3-S1 level (a herni-
ated disc with sequestration, osteophytes,
decreased height of the intervertebral
disc space) and possible segmental insta-
bility during anteroposterior vertebral
subluxation less than 3-4 mm [5, 7, 12, 15].
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Study exclusion criteria and contra-
indications to disc arthroplasty [5, 6, 12]
were:

1) previous surgical intervention in
the considered spinal motion segment,
including hemi- or laminectomy, facet-
ectomy, spinal fusion, pseudarthrosis at
the operated level; an increased segmen-
tal instability (anteroposterior sublux-
ation greater than 3 mm), consequences
of posterior spinal surgery;

2) intervertebral disc height of less
than 3 mm, the final stage of degenera-
tive cascade and disc collapse;

Fig. 1

The SB Charite III artificial disc: general view and postoperative radiographs [12]

Fig. 2

The ProDisc II artificial disc: components of the disc, intraoperative image of implanted artificial disc and postoperative radiographs [8]
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3) scoliosis, anterolisthesis, spondy-
lolysis, retrolisthesis greater than 3 mm,
isthmic spondylolisthesis;

4) defects of interarticular part, ver-
tebral body fractures, and abnormalities
of endplates.

5) degenerative lesions of facet joints,
ankylosis, facet joint arthrosis;

6) endocrine and metabolic diseas-
€s: 0Steoporosis, osteopenia, osteopathy,
Paget’s disease, chronic use of steroids,

rheumatoid arthritis or other autoim-
mune diseases, systemic disorders;

7) allergy to titanium, polyurethane,
polyethylene, ethylene oxide;

8) contraindications associated with
anterior approach: obesity (BMI > 30),
vascular anatomy anomalies, vessel wall
calcification, previous interventions
within the abdominal cavity and vessels,
abdominal hernia, previous iliofemoral

o0 L
Fig. 3

The Maverick artificial intervertebral
disc

Fig. 4
The Kinezis-1 artificial disc [4]

titanjum endplate

a C
d e f
Fig. 5

The M6-L artificial disc [10]: 2 — a general view; b — view of prosthesis in section;
¢ - artificial nucleus pulposus; d — kinematic part of the disc assembly (nucleus
pulposus, artificial fibrous ring, internal endplates); e — polyethylene sheath; f — external
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phlebitis, previous radiation therapy in
the retroperitoneum;

9) pathology not amenable to disc
arthroplasty : spinal nerve root compres-
sion, radicular symptoms, arachnoiditis,
degenerative spinal stenosis involving
two or more levels;

10) general contraindications: skin
infection in the area of approach, sepsis,
generalized infection, active viral hepati-
tis, malignant tumors, autoimmune dis-
eases, pregnancy, mental illness, osteomy-
elitis, spondylodiscitis, chronic diseases
(chronic heart failure, diabetes, hepatitis),
neuromuscular disease, ankylosing spon-
dylitis, primary neoplasms and metastatic
lesions of the spine.

In the preoperative period, physical
and instrumental examination was per-
formed; clinical history was obtained
in order to identify contraindications
to surgery. The VAS and SF-36 scores
were used in pain assessment; the ODI
questionnaire was used to measure the
patients’ perceived level of disability
related to daily activity. MRI of the lum-
bar spine, standard anteroposterior and
lateral radiographs, as well as functional
flexion-extension radiographs were per-
formed to reveal any signs of instabil-
ity in the spinal motion segment and to
assess mobility in adjacent motion seg-
ments prior to surgery. The intervertebral
disc space height was measured; grades
of spinal canal stenosis and degenera-
tive changes of discs, facet joints, para-
vertebral muscles in the lumbar spine
were evaluated before surgery. In the
postoperative period, clinical (sever-
ity of pain in the leg, in the back based
on VAS, OD], neurological examination)
and radiological (anteroposterior, lat-
eral views in a neutral position and in
flexion and extension) examinations
were performed immediately and at 3,
0, 12, and 24 months after surgery. Digi-
tal radiographs (DICOM files) were ana-
lyzed using special software, antetior and
posterior disc heights were measured,
and mean disc height, segmental loz-
dosis angle, and the difference between
pre- and post-surgical measurements of
these paramenters. On the functional
radiographs before and after surgery the
mobility in the spinal motion segment
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(the range of motion from flexion to
extension) was examined and postopera-
tive changes at every follow-up visit were
assessed [9]. Control MRI of the lumbar
spine was performed 12 and 24 months
after surgery, or earlier if lumbar pain
occurred. The condition of facet joints
at the operated and adjacent levels, pro-
gression of disc degeneration at adjacent
levels, and spinal canal stenosis were ana-
lyzed. Complaints, treatment satisfaction,
willingness to repeat a similar operation,
the need for analgesics were identified in
patients during all control examinations.
Complications in the intraoperative, early
and late postoperative periods, operation
time, amount of blood loss, and length of
hospital stay were recorded.

A total of 109 patients with symptom-
atic degenerative disc disease were oper-
ated on, out of them 95 were subjected
to disc arthroplasty at one level. Four-
teen patients uderwent implantation at
two levels, with two M6-L artificial discs
in 10 of them, and with one artificial
disc at one level and interbody fusion
with titanium cage at the adjacent level

- in 4 remaining patients. The choice of
method was based on clinical, radiologi-
cal, and MRI data. The patients operated
on at one level were included in Group 1,
and on two levels - in Group 2.

Surgical technique. The operation was
performed via standard medial minimal-
ly invasive retroperitoneal approach [1,
2]. Transperitoneal access was used as a
reserved approach for patients who had
undergone previous surgery with a ret-
roperitoneal approach [5]. The patient
was positioned supine on a radiolucent
orthopedic table. General endotrache-
al anesthesia was used. After disc expo-
sure, a Cobb elevator for discectomy was
used; posterior longitudinal ligament was
not removed. The M6-L implant size was
selected after endplate preparation using
trial implant components under fluoros-
copy control according to normal disc
height at the upper and lower levels and
angle of lordosis. The final artificial disc
was inserted, vacuum drainage in the
retroperitoneum was installed and the
wound was closed in layers (Fig. 6-10).

Some of patients had artificial disc
replacement at two levels and the oth-

ers — disc prosthesis at one level and rigid
implant (interbody fusion with titanium
mesh cage) at the adjacent level. Total
disc replacement at an adjacent level was
performed as described. The cages were
implanted using a standard ALIF proce-
dure. In the postoperative period, the
patients were allowed to sit up and walk
the next day after surgery and were sub-
jected to physical therapy. Sutures were
removed on day 10 after surgery.

The goals of total disc arthroplasty
are:

1) the same as of ALIF — to restore
disc space, reliably connect and hold
adjacent vertebrae;

2) specific - to preserve natural
mobility of a spinal motion segment, to
recover shock absorbing effect, homoge-
neous axial load distribution to adjacent
spinal motion segments, and to prevent
facet joint degeneration [14] and degen-
erative process at adjacent levels.

The interventions were considered
successtul according to the following cri-
teria: patient satisfaction (according to
results of the survey — yes/no), improve-
ment in daily activities (a decrease of
more than 10 points on theODI ques-
tionnaire), back and leg pain reduction
(more than 2 cm on VAS) [11], absence
of serious complications requiring reop-
erations, and absence of revision surgery,
removal of artificial disc or complica-
tions associated with the implant.

Results

Of 109 patients, 106 were examined in
dynamics. Mean follow-up period was
1.5 years (range, 6 months to 4.2 years).

As expected, mean operative time
in 2-level surgery was greater, as well as
blood loss. Blood transfusion was not
required in any case. Length of hospital
stay was greater in the group of patients
who underwent more extensive surgery
(table).

Based on VAS and ODI scores, there
was a statistically significant pain regres-
sion compared to preoperative pain
severity. Moreover, the improvement sus-
tained for a long time on control exami-
nations immediately and at 1.5, 3, 6, 12,
and 18 months after surgery. The dynam-
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ics of pain regression and maintenance
according to VAS and ODI are shown in
Figs. 11, 12.

The average Mean rate of VAS score
regression was 2.7 c¢m in both groups.
According to the literature, the minimum
clinically significant pain regression on
VAS is 1.8-1.9 c¢m [11]. In our study, this
level was achieved in 72 % of patients.

Reduction in ODI scores (that is,
improvement in daily activity) was 24.3
points. According to the literature [11],
the minimum clinically significant ODI
score improvement is 10 points, which
was achieved in 78.4 % of the patients
studied.

760.8 % of patients in both groups
were satisfied with the treatment out-
come (condition has improved signifi-
cantly), and 69.0 % would agree to repeat
the same operation under the same
conditions.

Radiological features. In the early
postoperative period, patients in both
groups retained mobility at the operat-
ed level on an average of 9.2° + 2.8° as
seen from a comparison of lateral flex-
ion/extension radiographs taken before
and after surgery. The difference between
groups with one or two operated seg-
ments was insignificant. Two years after
surgery, 77 (71.0 %) patients were avail-
able for follow-up examination and
underwent lateral radiography in neu-
tral position and in flexion/extension.
There was a slight decrease in range of
motion at the operated segment, which
reached 8.5° (£2.2°). Mean intervertebral
disc space height before surgery was 6.1
+ 2.0 mm. After surgery, the interverte-
bral space increased up to an average of
13.7 £ 3.6 mm, with an improvement by
7.6 mm. At 1.5 years after surgery, pros-
thesis migration by an average of 1.6
mm (range, 0 to 2.8 mm) was observed
in 27.3 % of 77 patients available for
examination.

Complications. No serious complica-
tions were observed in the intraoperative
and postoperative periods: there were
no cases of spondylitis, peritonitis and
other infectious complications, critical
major vascular injury, dural tears, neu-
ral injury to lumbar plexus, spinal cord
and cauda equina, epidural hematoma,
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Fig. 6 Fig. 7
Total discectomy Trial implant selection under X-ray image intensifier control (lateral and frontal views)

Fig. 8 Fig. 9
Schematic image of the M6-L disc implantation at the L4-L5 segment [10] Implanted M6-L disc

longed dressings of wounds with anti-
septics and stopped spontaneously. Vas-
cular complications: one case of injury
to v. iliolumbalis during approach to
L,~Ls due to excessive tension on v. #li-
aca communis. The iliolumbar vein was
ligated, hemostasis was achieved, and

blood loss during surgery was 350 ml.
Fig. 10 Two more cases of superficial injury to
X-ray control of the M6-L disc implanted at the L5-S1 segment (lateral and frontal the wall of v. cava inferior were identi-
Views) fied intraoperatively and sutured, bleed-
ing stopped, and blood loss in these cases

was 430 ml on average. Blood transfu-
sion in the postoperative period was not
spinal cord ischemia. The total number | 2 (1.8 %) — heterotopic ossification at 6 | required in any case.

of complications was 9 (8.3 %): 3 (2.8 %) | months after surgery leading to sponta-
cases of minor vascular injury, 1 (0.9 %) — | neous fusion. Two patients had serous
injury to the sympathetic trunk resulted | discharge from the wound for a long
in warming of the left lower extremity, | time (19 and 25 days) that required pro-
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Conclusions

1. Arthroplasty using the M6-L disc is
an effective and safe procedure. Good
results have been achieved in 67.8%
of patients, without serious complica-
tions. Arthroplasty is a procedure with
a sloping learning curve; the major chal-
lenge of this technique is related to pecu-
liarities of the anterior retroperitoneal
approach to the spine. If the technique
is well mastered and appropriate selec-
tion of patients is performed, arthroplas-
ty becomes a promising, safe, and highly
effective procedure.

2. Arthroplasty with the M6-L arti-
ficial disc restores and maintains natu-
ral biomechanics of the spinal motion
segment, i.e., restores intervertebral disc
space height up to 13.6 mm, and pre-
serves range of motion of 8.5° at 1.5 years
after surgery. In 27.0 % of the cases there
was an insignificant artificial disc migra-
tion by an average of 1.6 mm.

3. Due to restoration of normal bio-
mechanics in the spinal motion segment,
there is no load redistribution to adja-
cent intervertebral discs and, thus, this
presumably prevents a progression of
degenerative cascade. This hypothesis

needs to be confirmed or denied by fut-

Table

Mean surgery time, length of hospital stay, and blood loss in groups of patients

Parameters

Operative time, min
Amount of blood loss, ml

Length of hospital stay, days

Group 1 Group 2
102,4 + 45,8 120,2 + 36,4
232,3 458,7
6,4 8,2
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ther investigation, subjective and objec-
tive data, additional methods of exami-
nation of operated patients, and interim
MRI studies.

4. The M6-L artificial disc replacement
provides eatly rehabilitation of patients
(patients are permitted to walk the next
day after surgery without need of bracing,
operation time and length of hospital
stay are reduced).

5. Total disc replacement with func-
tional M6-L artificial disc provides
a statistically significant pain regression,
allows a patient to improve daily activity.
Patient satisfaction is high.
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