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Background: Cervical disc arthroplasty (CDA) is a valid option for single-level cervical disc disease (CDD)
as an alternative to fusion. However, the use in 3- and 4-level disc disease is under scrutiny with scarce data
published so far. Our aim was to study clinical and radiological outcomes of arthroplasty in patients with
multilevel CDD.

Methods: Retrospective analysis of clinical records, pre- and post-operative neutral/dynamic X-rays of
patients who underwent CDA in multilevel CDD (2-4 levels). We evaluated sagittal balance parameters (C2-
7 and index angle, SVA), global and segmental range of motion (ROM)), neck and arm VAS, Odom’s criteria,
re-operation rate, adjacent segment disease (ASD), willingness to undertake the same procedure again. Rate
of heterotopic ossification (HO) was studied for follow-up >2 years. A subgroup analysis was performed
regarding 2-level versus 3- or 4-level arthroplasty.

Results: Thirty-two patients were included, 6 males and 26 females, mean age of 46 years (range, 30-63).
Seventy-seven cervical disc levels were treated with the same artificial disc. Twenty-one patients were
operated on 2 levels, nine in 3 levels, and 2 patients in 4 levels. Post-operatively, there was a decrease in
SVA (-2.2+8.36 mm, P=0.098) and an increase in global (3.7+9.6°, P=0.042) and index (1.3+6.1°, P=0.071)
ROM. Mean nVAS and aVAS decreased (7.5+1.1 to 2.5£1.5; 6.3£1.9 to 2.2+1.7, P<0.05). Two-level versus
3—4 level patient subgroups showed a lower SVA (~1.3+8.1 mm P=0.47; -3.4£6.3 mm P=0.107), a slight
increase in global (1.6£9.4° P=0.44; 7.2+11.7° P=0.07) and index (1.124.7° P=0.12; 1.3£8.1° P=0.35) ROM.
HO was present in 9.9% (7/71) of disc levels operated, none of them with grade 3 or 4.

Conclusions: Multilevel CDA provides good clinical and radiological outcomes, preserving global and
segmental cervical mobility, while having a beneficial effect on sagittal balance. These results hold for 2 to

4 levels, making this technique a valuable option in selected patients with cervical multilevel CDD.
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Introduction (1-6). ACDF is also an effective option for multi-level

disease with good long-term outcomes (7,8). However, it

Cervical disc arthroplasty (CDA) is increasingly regarded
as an alternative to anterior cervical discectomy and is associated with significant drawbacks. The most obvious
fusion (ACDF), traditionally accepted as the gold standard is the elimination of motion at the index levels with a

technique to treat single level cervical disc disease (CDD) biomechanical impact (9,10), namely increased stress on
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the adjacent natural level (9), contributing to adjacent
segment disease (ASD) rates of up to 25% at 10 years (11).
Hardware-related complication rates are also not irrelevant
with instrument failure (12), pseudarthrosis incremental to
the number of operated levels (12,13), and dysphagia (14).
When it comes to 3- or 4-level fusion constructs, the
rigidity of the fused spine may impose a significant burden
on the patients’ quality of life.

Despite a wide variety of implants with intrinsic
biomechanical profiles, CDA has shown good clinical
and radiological outcomes, ranging from non-inferior to
statically significant superiority when compared to ACDF
for single-level CDD (1,15-19). CDA also seems to be more
cost-effective than cervical fusion (20,21). However, this
does not come without complications, such as high-grade
heterotopic ossification (HO), reported being as high as
62% (22,23), and anterior vertebral body bone loss (24).

Multilevel procedures only recently gained momentum
with the first FDA approval for 2-level arthroplasty in
2013 (25) followed by other implants and a number of IDE
studies under way (25). Hybrid constructs (CDA adjacent
to fusion) have also been studied with favorable outcomes
(26-28). There are, however, few studies on the outcomes
of 3- and 4-level CDA only. Most of these studies focus on
old design devices, non-constrained or semi-constrained
implants with scarce published literature on third
generation implants with 6 degrees of freedom.

We reviewed the multilevel cervical disc cases operated
on our department with focus on the clinical outcomes
and biokinematics of CDA, the hypothesis being that 2 to
4 level procedures are safe and effective when indicated.

Methods
Patients

Between 2013 and 2018, patients with multilevel CDD were
treated with CA, ranging from 2- to 4-level procedures.
All patients involved were older than 18, had myelopathy,
radiculopathy or combined features, cervical imaging (CT
scan and MRI) showing cervical cord compression and/or
foramen stenosis compatible with their symptoms with at
least 1 year of follow-up. The patients had pre- and post-
operative neutral and dynamic X-rays at last follow-up.
Clinical data was collected on their epidemiological
characteristics (gender, age at time of surgery, topography
and number of operated levels, duration of follow-up).
Patients were excluded if they have had previous cervical
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spine surgery, or were treated with hybrid constructs, or
lacked complete clinical and/or radiological data.

The contra-indications for CDA were significant cervical
spondylosis, cervical lysthesis, OPLL and facet arthropathy.
Low ROM in the pre-operative dynamic study was not an
absolute contra-indication per se, if after decompression and
uncus release the index level was judged to have appropriate
mobility. To this date, no patient previously planned for
CDA had to be converted to ACDF due to this issue.

Implant and technique

We used the same type of restrained third generation
implant with six degrees of freedom (29) for all patients
included in this study. Patients treated for 2 and 3 level disc
disease with other implants were excluded from this cohort.
All patients were treated by the same senior surgeon (Oscar
L. Alves).

A standard anterior cervical approach was undertaken
while the patient on supine position. Positioning of head
and neck was first assessed under lateral fluoroscopy to avoid
excessive extension of the neck, what we believe is linked
with later implant subsidence, and then secured with the
patient’s chin tapped to the table for stability. The approach
was always performed from the right side of the patients, due
to the surgeon’s dexterity, since recurrent laryngeal nerve
palsy incidence is independent of the side of the approach.
A transverse skin incision was performed, through a skin
fold in reference to the operated level, as marked on lateral
fluoroscopy, for 2-level patients and in 3-level patients with
platysma undermining. For 4-level, a longitudinal incision was
preferred to expose all the extent of subaxial cervical spine.
After Jongus colli lateral dissection, longitudinal and transversal
soft-tissue blade retractors were placed. Longitudinal
retractors tend to be of a smaller height than transverse ones to
allow higher angle of attack of the Kerrison rongeur under the
posterior vertebral body osteophytes.

After fluoroscopic confirmation of the correct level,
a thorough discectomy was performed with extensive
removal of anterior and posterior osteophytes and foraminal
decompression, assuring proper spinal cord and nerve root
decompression. Anterior osteophyte gardening is essential
to allow a proper visualization of the disc space. Progressing
with a “shaving” drilling technique along the disc space is
essential, especially in more spondylotic discs, to keep a
constant visualization of three layers: cephalad end-plate
cartilage, disc and caudal end-plate cartilage—to avoid
violation of the vertebral end plates. No vertebral body
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Figure 1 Proper alignment of the implants was achieved under

fluoroscopy, and using the uncus as anatomical reference.

157 patients
CDA 2013-2018

- 103 patients
Single level CDA
54 patients
Multilevel CDA
- 12 patients
| Hybrids with multilevel CDA
42 patients
Multilevel CDA
- 10 patients
g Incomplete data
32 patients
CDA 2013-2018

21 patients
2-level CDA

11 patients
3- or 4-level CDA

Figure 2 Pool of patients under study for multilevel CDA. CDA,

cervical disc arthroplasty.

pins were placed for retraction with the surgeon relying
instead on the suction tube for intermittent distraction of
the endplates as needed. Posterior longitudinal ligament was
always completely removed at disc level for inspection of
putative extruded disc material posterior to the ligament, in
order to properly remove osteophytes passing with the 2 mm
punch under the ligament and to avoid a scaffold for later
HO. At the end of the decompression, a leverage maneuver
with the suction tube allowed to assess the mobility between
the vertebral bodies intra-operatively and, accordingly, to
insert or not a cervical disc prosthesis. Extensive cleansing
with saline is performed to remove bone dust from use of
drill. Special care was taken as to ensure proper placement
of the implant, both in the sagittal plane as well as in the
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coronal plane, taking the uncus as reference and an antero-
posterior fluoroscopy (Figure I). Bone wax was systematically
interposed between the prosthesis end plate and the anterior
vertebral body edge left after anterior osteophytes removal.

In multilevel cases, surgical decompression always started
in the most compressive level to release the spinal cord
compression and then progressing superiorly. The insertion
of cervical disc prosthesis always started in the inferior
levels progressing upwards with the aim to reconstruct disc
height according to healthy individuals, since caudal discs
tend to be higher than the more cephalad ones.

Study design

We performed a retrospective study including patients
operated on 2-, 3- and 4-level disc disease with CDA.
We used descriptive statistics to characterize patient
demographics. Radiological outcome evaluations focused
on pre- and post-operative neutral and dynamic (flexion
and extension) cervical spine X-rays. Data was collected
for the following radiological parameters: C2-7 and
index segmental angles, SVA, global and segmental ROM
measured using the SECTRA® (Sectra AB, Linképing,
Sweden) validated imaging software. Clinical data on neck
and arm VAS (nVAS, aVAS), Odom criteria, satisfaction
with the clinical outcome, re-operation, complications and
ASD rates were also obtained. The outcomes of 2-level
CDA were compared against 3- and 4-level CDA. For
patients with a follow-up longer than 2 years, an additional
subgroup analysis to access the presence of HO was
performed, according to the Mehren grade. The statistical
analysis was performed with SPSS v23° (IBM Corp,
Armonk, New York, USA), using descriptive statistics—
t-test for independent variables, and paired #-test. All P
values <0.05 were considered statistically significant.

Results

As described in Figure 2, out of 157 patients operated in
our Department with CDA between 2013 and 2018, thirty-
two consecutive patients were studied. Twenty-one patients
underwent 2-level procedures, 9 were operated on 3 levels,
and 2 patients treated at 4 levels. In total, 77 implants were
placed. The demographics are as described in Table 1.

Radiological outcomes

After multilevel CDA, global lordosis increased with a
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Table 1 Demographics of cohort under study

Variables 2 levels 3/4 levels
Patients (n=32) 21 11
Male 5 1
Female 16 10
Mean age (range), y 45 [30-63] 47 [42-58]
Mean follow-up (range), m 41 [16-66] 44.5 [19-70]
No. levels operated 36 35
Pre-operative
nVAS 7.2 7.9
aVAS 5.9 71

Table 2 Radiological outcomes of CDA on multilevel cervical disc

disease
Multilevel
Variables
Mean ST Dev Sig.

AC2-7 2.1 7.13 0.111
ASVA -2.2 8.36 0.098
AOperated 1.5 5.55 0.025
gAROM 3.7 9.55 0.042
iAROM 1.3 6.06 0.071

CDA, cervical disc arthroplasty.

Table 3 Comparison of results between 2-level and 3- or 4-level
cervical disc disease

2-level vs. 3-/4-level

Variables Mean ST Dev Sig.

2L 3/4L 2L 3/4L 2L 3/4L

AC2-7 1.2 3.9 6.36 8.51 0.389 0.181
ASVA -1.3 -34 8.08 6.26 0.47 0.107
AOperated 1.6 1.3 5.17 6.38 0.047 0.233
gAROM 1.6 7.2 9.4 11.74 0.44 0.07
iIAROM 1.1 1.3 4.67 8.08 0.12 0.35

AC2-7 of 2.1£7.13° (P=0.111), as shown on Tuble 2. At the
index level, there was a significant increment in segmental
lordosis (Aindex 1.5+£5.55°, P=0.025). There was a trend
towards reduction in the SVA (A-2.2+8.36 mm, P=0.098).
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Global ROM improved significantly (3.7+9.55°, P=0.042),
and segmental ROM showed a strong trend towards
increase (1.3+6.06°, P=0.071) after multilevel CDA.

Patients with a follow-up longer than 2 years
(71/77 discs), showed HO in 9.9% (7/71 discs) of cases with
either grade I (8.5%) or grade II (1.4%) HO, according to
the Mehren grade (22). No patient presented with severe
HO, defined as grades III and IV. There was no loss of
mobility in the seven discs, which developed HO, with a
slight increase in ROM compared to pre-operative status
(A3.4+8.2 mm, P=0.31).

Clinical outcomes

All patients improved in terms of nVAS and aVAS, from a
mean pre-operative 7.5+1.1 to 2.5+1.5 (P<0.05), and from
a mean 6.3x1.9 to 2.2+1.7 (P<0.05), respectively. According
to Odom’s criteria, 90.6% (29/32) of patients achieved a
favorable outcome, defined as excellent or good. Three
were ranked as unfavorable with a fair outcome, and two of
these stated they were not satisfied with their outcomes.
Five patients presented with post-operative transient
dysphagia, 3 cases of which in 2-level surgeries and 2 in
3-level procedures. Two patients presented with hoarseness,
one in a 2-level procedure and the other one a 3-level CDA.
All 7 fully improved within the first post-operative month.

No patients were re-operated at the index or adjacent levels.

Sub analysis: 2-level vs. 3- or 4-level CDA

Both groups presented with similar effects on sagittal
balance with an increase in global lordosis (1.2+6.4° P=0.39
for 2-level, and 3.9+8.5° P=0.181 with 3 or 4 levels), and
decrease in SVA (-1.3+8.08°, P=0.47 and -3.4+6.3° P=0.107,
respectively) as described in Table 3.

ROM also increased in both subgroups: gROM increased
1.6£9.4° (P=0.44) for 2-level patients and 7.2+11.7° (P=0.07)
with 3 or 4 levels. In terms of iROM, there was a gain in
mobility for both subgroups, with 2-level CDA gaining
1.1+4.7° (P=0.12), while the remaining patients gained
1.3£8.1° (P=0.35) (Table 3). When performing a direct
comparison between variables in each group, there was
no statistically significant change (AC2-7 t=-2.6, P=0.081;
ASVA t=-2.8, P=0.065; AgROM t=-1.04, P=0.375; AiROM
t=-0.208, P=0.837), showing a similar trend of variation.

Clinically, 2-level CDA improved for both nVAS and
aVAS (nVAS: 7.2+1.2 to post-operative 2.7+1.5; aVAS:
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5.9£1.9 to post-operative 2.1x1.6: P<0.05), with similar
results for the 3- and 4-level CDA group in both scores
(nVAS: 7.9£0.5 to post-operative 1.5£1.5; aVAS: 7.1£1.6
to post-operative 2.2+1.8: P<0.05). When performing a
breakdown of HO results among the 2 subgroups, we find
grade I HO in 8.3% (3/39) and grade II in 2.7% (1/39) of
2-level patients, compared to 8.6% (3/35) of grade I HO in
3- and 4-level patients.

Discussion

Evidence in literature to support CDA is growing with
putative more favorable results than ACDF (30-33).
A significant number of studies reported good clinical
outcomes, both in the analysis of CDA cohorts or in
comparison with ACDF. Vaccaro er al. (1) found CDA
with Secure-C superior to ACDF in terms of overall
success with a composite score (improvement of at least
25% in NDI, no implant failures, no complications and no
pseudarthrosis for ACDF implants specifically), with 79.2%
in the CDA group, against 63.6% for the ACDF group.
Though not statistically superior in NDA, the CDA group
showed a trend towards superiority (NDI improvement of
>15 points in 88.8% vs. 84.1%) when compared with ACDEF.
Pointillart ez al. (34) pointed out good clinical outcomes in
their prospective cohort of 20 CDA patients followed for
15 years after treatment with the Bryan artificial disc with
80% of excellent outcomes according to Odom’s criteria,
2.6 for nVAS, and NDI of 14.9. Hu ez 4l. (35) also reported
an improvement in VAS (6.122.5 to 1.9+0.8 after 5 years),
much like Zeng et al. (36), who reported improvements
in both nVAS (6.0+2.2 to 20+1.4) and aVAS (6.2+2.5 to
1.9x1.4) at 6 years of follow-up, both with Prestige-LP.
Two level CDA also has been reported to provide for good
clinical outcomes. Gao ez al. (37) stated in their 5-year study
of Prestige-LP patients an improvement in VAS, from
5.3+2.3 to 1.9+1.0, along with significant improvements
in NDI and SF-36. In their systematic review of literature
on multilevel CDA, Joaquim et a/. (38) presented the
outcomes of 14 studies. In 4 out of 5, CDA either showed
significant clinical superiority over ACDF or a trend in
that direction. With a 90.6% favorable outcome by Odom
criteria, a decrease in both nVAS (7.5+1.1 to 2.5+1.5) and
aVAS (6.3£1.9 to 2.2+1.7) at end of follow-up, our results
are in accordance with those described in literature. Also
remarkable, is the high rate of patient satisfaction (Figure 3)
with only two patients unhappy with their outcomes.

The most significant advantage attributed do CDA
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is motion and sagittal balance preservation. Guérin
et al. (39) reported gains in both C2-7 lordosis and ROM
(12.8° to 16.0° of lordosis, 8.3° to 11.0° of ROM) after
single level CDA with Mobi-C, while Ahn ez 4/. (40), in
their study with ProDisc-C C5-6, concluded that global
and segmental alignment of the subaxial spine became
significantly more lordotic in the latter stages of follow-
up, defined as over three months. These results are in-line
with our analysis at two years of follow-up, almost reaching
statistical significance in the increase in C2-7 lordosis and
a significant increase in lordosis at the operated levels.
Furthermore, a decrease in SVA (A-2.2+8.36, P=0.098)
was found, though not significant. This is relevant for the
clinical outcome given the positive clinical effect that an
SVA bellow 4 cm has in terms of lower regional disability,
better general health and pain scores (41,42). As for ROM,
our study showed a trend towards increase, both in C2-7
the index level (ROM and AROM of 3.7+9.6° and 1.3+6.1°,
respectively), compared to pre-operative. These results
match the literature data with several studies describing
either maintenance or gains in ROM after multilevel CDA
(36,37,43-45). Retaining multilevel disc mobility is of
paramount importance to reach favorable clinical outcomes
and may exacerbate differences in clinical outcome between
CDA and ACDFE, especially in multilevel disc disease.

One of the key theoretical benefits of arthroplasty is the
prevention of ASD when compared to fusion. Matsunaga
et al. (9) analyzed the stress that fusion imposes on the
adjacent levels, describing that after 2 or 3 level ACDF
shear strain increased by 20% on adjacent natural discs.
Eighty-five percent of the discs with increase strain went on
to develop disc herniation over the follow-up period (mean
6.5 years). Park et al. (46) also found increases in disc
pressure, especially on the annulus at the adjacent levels
after 2-level ACDF, when compared to CDA or hybrid
constructs. On distal levels, facets also suffered an increased
load after 2-level ADF. Earlier on, Hilibrand ez al. (11)
reported 25.6% of ASD at ten years after ACDF with an
incidence of 2.9 percent per year. Buttermann et al. (7)
described 21% of surgery for ASD after 10 years of follow-
up for ACDE, while Ishihara ez 4l. (47) reports 19% of ASD
in those patients followed for more than 2 years. Lawrence
et al. (48) described a mean rate of symptomatic ASD after
arthrodesis of 1.6-4.2% per year, and mean reoperation rate
of 0.8% per year. In their study comparing CDA against
ACDEF, Gao et al. (32) reported 8.3% of ASD for CDA,
whereas ACDF lead to 22.2%. Vaccaro et al. (1) reports
4.2% of surgically treated ASD with Secure-C at 84 months,
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Figure 3 A 45-year-old woman presented significant neck pain and bilateral radiculopathy, with reduction in hand dexterity. On MRI, she

presented disc disease with compression in C3-6 (A,B,C,D), without signs of major instability on dynamic study (E,F). She underwent 3-level

CDA (G). Post-operative dynamic study shows proper dynamic recruitment at the operated levels (H,1,]J). The patient improved in terms of

neck and arm pain, and fully recovered fine motor skills.

compared to 16% after ACDE, though with higher rates
of symptomatic ASD for both groups (17% and 37.5%,
respectively). In one of the few studies directed towards
the same third generation implants that we used, Jadik
et al. (49) reports 2/55 patients (3.6%) were operated for
symptomatic ASD. No patient in our cohort of 32 patients
had symptomatic ASD leading to re-operation. Although
the present study is not designed nor powered to study the
reasons behind these low rates of ASD, these results are
worth of notice. Shin ez al. (50) reported increasing rates of
ASD as more levels were fused (15.38% for 1-level ACDEF,
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28.57% for 2-level, and 39.47% for 3-level,), a trend
which did not occur in our cohort of patients submitted to
multilevel CDA.

The criticism of CDA focuses especially in HO whose
incidence increases in parallel with the duration of the
follow-up. Due to its effects on ROM, HO has the potential
to mitigate much of the benefits of the implant. Since
Mehren et al. (22) described their results for HO (33.8%
grade 0 after 1 year, 19.5% of grades 3 and 4), several
studies described variable rates, in particular for the highest
grades. The NORCAT trial (23) described 62% of grades
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3 and 4 HO, while Vaccaro ez al. (1) reported only 7.7%
grade 4 HO after 84 months of follow-up for the use of
Secure-C for single level disc disease. The clinical impact
of HO, as considered by Barbagallo et a/. (51), is, however,
questionable. The author stated that despite 42% rates of
HO, there was a variable preservation of ROM at end of
follow-up. In our cohort, we found a low-level HO with
9.9% (7/71 discs) of cervical discs followed for longer than
2 years (maximum of 70 months), showing either grade 1
or grade 2. Despite the HO that ensued, these functional
units retained mobility with a slight increase in ROM at
end of follow-up (A3.4+8.2 mm, P=0.31). The reasons for
a reduced rate of HO were discussed by Tu ez al. (52), who
stated in 2012 that technical factors, such as postoperative
shell kyphosis and inadequate endplate coverage, may
increase the rate of HO (10.3% wvs. 3.7% grade 4 HO,
comparing suboptimal with optimal carpentry). Other
factors, such as exhaustive irrigation to remove bone dust
may help to reduce HO rates. Mehren et a/. (53) published
in 2019 the effect of implant design, namely the effect
of cortical violation by the prosthesis anchoring system,
concluding that it does raise rates of HO. However, there
are no studies to the best of our knowledge that specifically
evaluate the putative benefits of third generation cervical
disc prosthesis. We believe that extensive removal of
posterior longitudinal ligament abolishes the scaffold for
bone growth favoring formation of HO. Extensive disc
removal and insertion of larger implants to achieve better
endplate coverage may also provide greater stability with a
positive effect on smaller HO rates.

Our subgroup analysis between 2-level CDA and 3-
or 4-level CDA demonstrated similar results, both in
clinical outcome and sagittal balance, as well as global and
segmental ROM outcomes (Tuble 3). Several studies reached
similar conclusions. Goffin et /. (54), in their study of
single versus 2-level CDA with Bryan cervical disc, found
ROM for single-level CDA to be 7.9+5.3°, similar to 2-level
CDA (7.4+5.1°). Zhao et al. (55) in their meta-analysis of
eight studies found similar outcomes in clinical factors
(NDI, nVAS and aVAS), HO and re-operation rates after 1
and 2 years for single and 2-level CDA. Joaquim ez a/l. (38)
in another meta-analysis which included some cohorts with
3- and 4-level patients, also reported similar equivalence,
mostly in clinical, but also radiological outcomes, namely on
ROM. The lack of correlation between groups in terms of
effect on sagittal balance and ROM shows that 3- and 4-level
CDA can improve kinematics, in a way similar to 2-level
procedures.
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The impact of the number of levels submitted to CDA
on HO is still open to discussion. At 2 years of follow-up,
Huppert et al. (45) reported similar outcomes for 1- and
2-level CDA, along with lower rates of HO in the multilevel
group. Wu et al. (56), however, found similar clinical
outcomes but more HO in the multilevel group after a
mean follow-up of 38.3+8.7 months, raising the possibility
that with enough post-operative surveillance, HO may lead
to worse outcomes for multilevel patients. Though the
number of 3 and 4 level patients in our study is limited to
secure definitive conclusions, there is no major difference
in HO rate in both subgroups. Anedoctically, 3- and 4-level
patients actually had less HO versus 2-level CDA. These
results, coupled with the concomitant increase in ROM in
the two groups, may lead to the conclusion that an increase
in number of operated levels using a restrained implant does
not cause loss of benefit. In our cohort, the 3- and 4-level
patients were relatively young with a mean age of 47 years.
Given a long life expectancy, motion preservation and low
rates of HO may contribute to a better long-term clinical
outcomes compared to fusion in multilevel disc disease
patients: a randomized controlled trial including only 3-
and 4-level CDA patients needs to be done in the future to
test this hypothesis.

Some limitations about our study should be mentioned.
Although the cohorts of 3- and 4-level CDA patients are
not abundantly reported in the literature, we recognize the
relatively small number of patients. The present cohort
includes a ratio of almost 2:1 between 2 treated levels and
3—4 levels. It is rather difficult to identify patients with pure
disc disease in 3 and 4 cervical discs—cervical spondylosis
does not progress evenly at all levels and it is more likely
for the clinician to face single or double levels, that would
benefit from CDA or a mixture of levels amenable to CDA
and fusion.

On the other hand, the strong points of our study are
the fact that all patients were operated by a single senior
surgeon, using only one type of implant and also the long
follow-up for 3- and 4-level patients.

Conclusions

CDA with third generation implant is safe and effective in
2-level disc disease, maintaining ROM and a favorable post-
operative sagittal alignment profile with relatively low rates
of ASD and HO. Additionally, in selected patients with
more than 2 degenerated discs, CDA retains its protective
effect on cervical biokinematics with excellent clinical
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outcomes and sagittal balance.
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